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Chapter 1: CAD Repair

Before generating the Shell/Tetra mesh, the user should confirm that the geometry is free of any flaws that
would inhibit optimal mesh creation. If the user wishes to save the changes in the native CAD files, the following
checks should be performed in a direct CAD interface.

To create a mesh, Tetra requires that the model contains a closed volume. If there are any holes (gaps or missing
surfaces) in the geometry that are larger than the local tetras, Tetra will be unable to find a closed volume. Thus,
if the user notices any holes in the model prior to mesh generation, he or she should fix the surface data to
eliminate these holes.

The Build Topology operation will find holes and gaps in the geometry. It should give yellow curves where there
are large (in relation to a user-specified tolerance) gaps or missing surfaces.

During the Tetra process any leakage path (indicating a hole or gap in the model) will be indicated to the user.
The problem can be corrected on a mesh level, or the geometry in that vicinity can be repaired and the meshing
process repeated. For further information on the process of interactively closing holes, see the section Tetra >
Tetra Generation Steps > Useful Region of Mesh.

For more useful information on CAD Repair topics, please go to http://www-berkeley.ansys.com/fag/faq_top-
ic_8.html.

1.1. How are Close Holes and Remove Holes different?

1.1.1. Close Holes

Use Close Holes if the hole is bounded by more than one surface. For example, look at Figure 1-1 below. The
yellow curves represent the boundary of the hole. From the figure it is clear that this hole is bounded by more
than one surface. Figure 1-2 shows the geometry after Close Holes is completed. A new surface is created to
close the hole.
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Chapter 1: CAD Repair

Figure 1.1 Close Hole

Figure 1.2 After closing the hole

1.1.2. Remove Holes

Use Remove Holes if the hole lies entirely within a single surface, such as a trimmed surface. For example, look
at Figure 1-3. The two yellow curve loops represent the boundaries of the holes, which lie entirely in one surface.
Figure 1-4 shows the geometry after Remove Holes is completed for one of the holes. The existing surface is
modified by removing the trim definition.
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Section 1.2: How do Fill, Trim and Blend work in Stitch/Match Edges?

Figure 1.3 Before Remove Holes

Figure 1.4 After Remove Holes

1.2. How do Fill, Trim and Blend work in Stitch/Match Edges?

Consider the case as shown in Figure 1.5: “Geometry with a gap”. The following figures explain how these work:
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Chapter 1: CAD Repair

Figure 1.5 Geometry with a gap
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Section 1.3: How does Match work in Stitch/Match Edges?

Figure 1.7 Result with Close Gap > Trim

Figure 1.8 Result with Close Gap > Blend

1.3. How does Match work in Stitch/Match Edges?

Match is generally used in those cases where curves lie very close to each other, specifically when the two ends
meet together. You should have the two sets of curves within some tolerance for this option to work. Refer to
the figures below to get an idea.
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Chapter 1: CAD Repair

Figure 1.9 Geometry with mismatched edges
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Section 1.3: How does Match work in Stitch/Match Edges?

Figure 1.10 Geometry after match edges
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Chapter 2: Tetra

Automated to the point that the user has only to select the geometry to be meshed, Tetra generates tetrahedral
meshes directly from the CAD geometry or STL data, without requiring an initial triangular surface mesh.

2.1. Introduction

Tetra uses an Octree-based meshing algorithm to fill the volume with tetrahedral cells and to generate a surface
mesh on the object surfaces. The user can define prescribed curves and points to determine the positions of
edges and vertices in the mesh. For improved cell quality, Tetra incorporates a powerful smoothing algorithm,
as well as tools for local adaptive mesh refinement and coarsening.

For more useful information on Tetra, please go to http://www-berkeley.ansys.com/faq/faq_topic_2.html.

2.1.1. Tetra mesh generation
Suitable for complex geometries, Tetra offers several advantages, including:

Rapid model set-up
Mesh is independent of underlying surface topology
+ No surface mesh necessary
+ Generation of mesh directly from CAD or STL surfaces
+ Definition of cell size on CAD or STL surfaces
+ Control over cell size inside a volume
* Nodes and edges of tetrahedra are matched to prescribed points and curves
* Natural size automatically determines tetrahedra size for individual geometry features
+  Volume and surface mesh smoothing, merging nodes and swapping edges
Tetrahedral mesh can be merged into another tetra, hexa or hybrid mesh and then can be smoothed
Coarsening of individual material domains
Enforcement of mesh periodicity, both rotational and translational
Surface mesh editing and diagnostic tools
* Local adaptive mesh refinement and coarsening
+  One consistent mesh for multiple materials
« Fast algorithm: 71500 cells/second
+ Automatic detection of holes and easy way to repair the mesh

+  For more details, go to Run Tetra - The Octree Approach

2.1.2. Input to Tetra

The following are possible inputs to Tetra:

+ Sets of B-Spline curves and trimmed B-Spline surfaces with prescribed points
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Chapter 2: Tetra

+ Triangular surface meshes as geometry definition

+ Full/partial surface meshes

B-Spline Curves and Surfaces

When the input is a set of B-Spline curves and surfaces with prescribed points, the mesher approximates the
surface and curves with triangles and edges respectively; and then projects the vertices onto the prescribed
points.

The B-Spline curves allow Tetra to follow discontinuities in surfaces. If no curves are specified at a surface
boundary, Tetra will mesh triangles freely over the surface edge. Similarly, prescribed points allow the mesher
to recognize sharp corners in the geometry. ANSYS ICEM CFD provides tools (Build Topology) to extract points
and curves to define sharp features in the surface model.

Triangular surface meshes as geometry definition

Prescribed curves and points can also be extracted from triangulated surface geometry. This could be stereolitho-
graphy (STL) data or a surface mesh converted to faceted geometry. Though the nodes of the Tetra -generated
mesh will not exactly match the nodes of the given triangulated geometry, they will follow the overall shape. A
geometry for meshing can contain both faceted and B-Spline geometry.

Full/partial surface mesh

Existing surface mesh for all or part of the geometry can be specified as input to Tetra . The final mesh will then
be consistent with and connected to the existing mesh nodes.

2.2. Tetra Generation Steps

The steps involved in generating a Tetra mesh are:

+  Geometry Repair/Clean up
+ Geometry details required
+ Sizes on Surfaces/Curves
Meshing inside small angles or in small gaps between objects
Desired Mesh Region
Run Tetra - The Octree Approach
Check the mesh for errors
+ Edit mesh to correct any errors

+  Smooth the mesh to improve quality
The mesh is then ready to apply loads, boundary conditions, etc., and for writing to the desired solver.
2.2.1. Repair Geometry

Refer to the CAD Repair section.
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2.2.2. Geometry Details Required

In addition to a closed set of surfaces, Tetra requires curves and points where hard features (hard angles, corners)
are to be captured in the mesh. The first figure below shows a set of curves and points representing hard features
of the geometry, where the second and third figure show the resultant mesh with and without the curves and
points preserved.

Figure 2 shows the resultant surface mesh if the curves and points are preserved in the geometry. Mesh nodes
are forced to lie along the curves and points to capture the hard features of the geometry. Figure 3 shows the
resultant surface mesh if the curves and points are deleted from the geometry. The hard features of the geometry
are not preserved, but rather are neglected or chamfered. The boundary mesh nodes lie on the surfaces, but
they will only lie on the edges of the surfaces if curves and points are present. Removal of curves and points can
be used as a geometry defeaturing tool.

Figure 2.1 Curves and Points representing the sharp edges and corners
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Figure 2.2 Mesh with Curves and points

Figure 2.3 Mesh without curves and points

2.2.3. Sizes on surfaces and curves

To produce the optimal mesh, it is essential that all surfaces and curves have the proper tetra sizes assigned to
them. For a visual representation of the mesh size, select Geometry > Surfaces > Surface Tetra sizes from the
Display Tree. The same can be done with Curves. Tetra icons will appear, representing the cell size of the mesh
to be created on these entities. With the mouse, the user may rotate the model and visually confirm that the
tetra sizes are appropriate. If a curve or surface does not have an icon plotted on it, the icon may be too large or
too small to see. In this case, the user should modify the mesh parameters so that the icons are visible in a normal
display.
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The user should also make sure that a reference cell size has been defined. To modify the mesh size for all entities,
adjust the Scale Factor, which is found in Set Global Mesh Size window from Mesh Tabbed menubar. Note
that if 0 is assigned as the Scale Factor, Tetra will not run.

2.2.4. Meshing inside small angles or in small gaps between objects

Examine the regions between two surfaces or curves that are very close together or that meet at a small angle.
(This would also apply if the region outside the geometry has small angles.) If the local tetra sizes are not small
enough so that at least 1 or 2 elements would fit through the thickness, the user should define Thin cuts. This is
in the Tet Meshing Parameters section of the Global Mesh Size window. To define a thin cut, the two surfaces
have to be in different Parts. If the surfaces meet, the curve at the intersection of the surfaces will need to be in
a third, different Part.

If the tetra sizes are larger or approximately the same size as the gap between the surfaces or curves, the surface
mesh could have a tendency to jump the gap, thus creating non-manifold vertices. These non-manifold vertices
would be created during the Tetra process. Tetra automatically attempts to close all holes in a model. Since the
gap may be confused as a hole, the user should either define a thin cut, in order to establish that the gap is not
a hole; or make the mesh size small enough so that it won't close the gap when the Tetra process is performed.
A hole is usually considered a space that is greater than 2 or 3 cells in thickness.

2.2.5. Desired Mesh Region

During the process of finding the bounding surfaces to close the volume mesh, the mesher will determine if
there are holes in the model. If there are, the messages window will display a message like "Material point ORFN
can reach material point LIVE." You will be prompted with a dialog box saying, "Your geometry has a hole, do
you want to repair it?" A jagged line will display the leakage path from the ORFN part to the LIVE part. The cells
surrounding the hole will also be displayed. To repair the hole, select the single edges bounding it - and the
mesher will loft a surface mesh to close the hole. Further holes would be flagged and repaired in the same
manner. If there are many problem areas, it may be better to repair the geometry or adjust the meshing parameters.

2.2.6. Run Tetra - The Octree Approach

Tetra's mesh generation is based on the following spatial subdivision algorithm: This algorithm ensures refinement
of the mesh where necessary, but maintains larger cells where possible, allowing for faster computation. Once
the "root" tetrahedron, which encloses the entire geometry, has been initialized, Tetra subdivides the root tetra-
hedron until all cell size requirements are met.
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Figure 2.4 Geometry Input to Tetra

At this point, the Tetra mesher balances the mesh so that cells sharing an edge or face do not differ in size by
more than a factor of 2.
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Figure 2.5 Full Tetra enclosing the geometry
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Figure 2.6 Full Tetra enclosing the geometry (In wire frame node)
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Figure 2.7 Cross-section of the Tetra to show how Tetra are fit in around geometry

After this is done, Tetra makes the mesh conformal - that is, it guarantees that each pair of adjacent cells will
share an entire face. The mesh does not yet match the given geometry, so the mesher next rounds the nodes of
the mesh to the prescribed points, prescribed curves or model surfaces. Tetra then "cuts away" all of the mesh,
which cannot be reached by a user-defined material point without intersection of a surface.
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Figure 2.8 Mesh after it captures surfaces and separation of useful volume
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Figure 2.9 Final Mesh before smoothing

Finally, the mesh is smoothed by moving nodes, merging nodes, swapping edges and in some cases, deleting
bad cells.
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Figure 2.10 Final Mesh after smoothing

2.3. Important Features in Tetra

2.3.1. Natural Size

If the maximum tetrahedral size defined on a surface is larger than needed to resolve the feature, the user can
employ Natural size to automatically subdivide the mesh to capture the feature. The value specified is propor-
tional to the global scale factor, and is the smallest size to be achieved through automatic element subdivision.
Even with large sizes specified on the surfaces, the features can be captured automatically.

The Natural size is the minimum element size to be achieved via automatic subdivision. If the maximum size
on a geometry entity is smaller than Natural size, Tetra will still subdivide to meet that requested size. The effect
of the natural size is a geometry- based adaptation of the mesh.

2.3.2. Tetrahedral Mesh Smoother

In smoothing the mesh, the tetrahedral smoother calculates individual cell quality based on the selection from
the list of available criteria.

The smoother modifies the cells with quality below the specified "Up to quality" value. Nodes can be moved
and/or merged, edges are swapped, and in some cases cells are deleted. This operation is then repeated on the
improved grid, up to the specified number of iterations. The user can choose to smooth some element types
while freezing others.
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2.3.3. Tetrahedral Mesh Coarsener

During the coarsening process the user can exclude surface or material domains by selecting those Parts in the
Parts to freeze panel. If the Maintain surface sizes option is enabled during coarsening, the resulting mesh
satisfies the specified mesh size criteria on the geometric entities.

2.3.4. Triangular Surface Mesh Smoother

The triangular surface mesh inherent in the Tetra mesh generation process can also be used independently of
the volume mesh. The triangular smoother marks all cells that are initially below the quality criterion and then
runs the specified number of smoothing steps on the cells. Nodes are moved on the actual CAD surfaces toimprove
the quality of the cells.

2.3.5. Triangular Surface Mesh Coarsener

In the interest of minimizing grid points, the coarsener reduces the number of triangles in a mesh by merging
triangles. This operation is based on the maximum deviation of the resultant triangle center from the surface,
the aspect ratio of the merged triangle and the maximum size of the merged triangle.

2.3.6. Triangular Surface Editing Tools

For the interactive editing of surface meshes, Tetra offers a mesh editor in which nodes can be moved on the
underlying CAD surfaces, merged or even deleted. Individual triangles of the mesh can be subdivided or tagged
with different names. The user can perform the quality checks, as well as local smoothing.

Diagnostic tools for surface meshes allow the user to fill holes easily in the surface mesh. Also there are tools for
the detection of overlapping triangles and non-manifold vertices, as well as detection of single/multiple edge
and duplicate cells.

2.3.7.Check Mesh
Check the validity of the mesh using Edit Mesh > Check Mesh.

You can opt to Create subsets for each of the problems so that they can be fixed later or can opt to Check/fix
each one of them. Using subset manipulation and mesh editing techniques, diagnose the problem and resolve
it through merging nodes, splitting edges, swapping edges, delete/create cells, etc.

For ease of use when working with subsets, it is usually helpful to add elements to the subset in order to see
what is happening around the problem elements. This is done via a right-click on the Subset name in the Display
tree and then adding layers of elements to the subset. It can also be useful to display the element nodes and/or
display the elements slightly smaller than actual size. Both of these options can be accessed via a right-click on
"Mesh" from the Tree widget.

Keep in mind that after mesh editing, the diagnostics should be re-checked to verify that no mistakes were made.
There are several Errors as well as Possible problems checks. The descriptions of these are as follows:
Duplicate elements

This check locates cells that share all of their nodes with other cells of the same type. These cells should be deleted.

Note — Note that deletion during the automatic fix will remove one of the two duplicate elements, thus
eliminating this error without creating a hole in the geometry.
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Uncovered faces
This check will locate any face on a volume element that neither touches a surface element nor touches an-
other volume face. This error often indicates a hole in the volumetric domain. It is unlikely that this error
would occur in the initial model -- usually, it results during manual editing when the user happens to delete
tetra or tri cells.

The automatic Fix will cover these uncovered faces with triangles (surface mesh). This may or may not be
the proper solution. A better method may be for the user to first Select the flawed cells and then decide if
the uncovered faces are the result of missing surface mesh or the result of a hole. If it is due to missing surface
mesh, the Fix option will eliminate the problem (re-run the check and select Fix). If the error points out a
hole in the model, the user could attempt to correct the grid by manually creating tetras or merging nodes.

Missing internal faces
This check will find pairs of volume elements that belong to different Parts, but do not have a surface element
between the shared faces. This error, like Uncovered faces, should not occur in the original model and would
most likely result from mistakes made during the manual editing process. The tetra cutter will detect this
problem as a leakage. The automatic Fix will create surface mesh in between these cells.

Periodic problems
The user selects the two Parts that should be one-to-one periodic matches based on the specified periodicity
settings. Errors are reported if periodic matches are missing. Slight offsets in node positions are often repaired
automatically during the check process. Remaining errors can be repaired manually via Edit Mesh > Repair
Mesh > Make/Remove Periodic. You should not get this error ideally unless you have done some editing on
the mesh.

Volume orientations
This check will find cells where the order of the nodes does not define a right-handed cell. The automatic
Fix will re-order the mis-oriented cells' nodes to eliminate this error.

Surface orientations
This check will flag any location where more than one tet element share a single triangle surface element.
The tet elements would have 3 common nodes, but the fourth node would be different. These errors, that
indicate a major problem in the connectivity in the model, need to be fixed manually. This would normally
involve manually deleting and creating elements.

Multiple Edges
This check will find cells with an edge that shares more than two cells. Legitimate multiple edges would be
found at a "T"-shaped junction, where more than two geometrical surfaces meet.

Triangle boxes
This check locates groups of 4 triangles that form a tetrahedron, with no actual volume cell inside. This un-
desirable characteristic is best fixed by choosing Select for this region and merging the two nodes that would
collapse the unwanted triangle box.

Hanging elements
For a volume mesh, a surface or line element that does not have an attached volume element is flagged as
a hanging element.

Penetrating elements
Flags regions where two sets of elements penetrate through each other.

Disconnected bar elements
This flags line elements where one or both nodes are not connected to other elements.

2-Single edges
This locates surface elements with two single edges. These are either corners of baffles or are triangles that
are protruding from a surface like a shark’s fin and are thus undesirable in the mesh. These elements are a
subset of the single edges check and can normally be deleted.
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Single-Multiple edges
This check locates elements that have both single and multiple edges.

Stand-alone surface mesh
This check locates surface elements that do not share a face with a volume element. This could be an area
with an extra surface element to be deleted or a missing volume element to be created.

Single edges
This check will locate surface cells that have an edge that isn't shared with any other surface cell. This would
represent a hanging edge and the cell would be considered an internal baffle. These may or may not be le-
gitimate. Legitimate single edges would occur where the geometry has a zero thickness baffle with a free
or hanging edge or in a 2D model at the perimeter of the domain.

If the single edges form a closed loop -- a hole in the surface mesh -- the user can select Fix when prompted
from the appearing menu. A new set of triangles will then be created to eliminate the hole.

Delaunay-violation
This check finds cells which violate the Delaunay rule, which states that a circumscribed circle around a surface
triangle should not enclose any other nodes. These can often be removed by swapping edges of these tri-
angles.

Overlapping elements

This flags surface elements that occupy part of the same surface area, but don't share the same nodes (so
are not duplicates).

Non-manifold vertices
This check will find vertices who adjacent cells' outer edges don't form a closed loop. Finding this problem
usually indicates the existence of cells that jump from one surface to another, forming a "tent"-like structure,
as shown in the figure below.
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Figure 2.11 Non-Manifold Vertices

a non-manifold vertex
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Un-connected vertices
This check finds vertices that are not connected to any cells. These can generally be deleted.

Smoothing
After eliminating errors/possible problems from a tetra grid, the user needs to smooth the grid to improve
the quality.

Figure 2.12 Quality Histogram
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Histogram: The tetrahedral Quality will be displayed within this histogram, where 0 represents the worst aspect
ratio and 1 represents the best aspect ratio. The user may modify the display of the histogram by adjusting the
values of Min, Max, Height and Bars.

Replot: If any modification is to be done for displaying the histogram then select Replot which pops ups the
Replot window shown above. User can change the following parameters in this window, pressing Accept will
replot the histogram to the newly set values.

Min X Value: This minimum value, which is located on the left-most side of the histogram's x-axis, represents
the worst quality cells.

Max X Value: This maximum value, which is located on the right-most side of the histogram's x-axis, represents
the highest quality that cells can achieve.

Max Y height: The user can adjust the number of cells that will be represented on the histogram's y-axis. Usually
a value of 20 is sufficient. If there are too many cells displayed, it is difficult to discern the effects of smoothing.

Num bars: This represents the number of subdivisions within the range between the Min and the Max. The
default Bars have widths of 0.05. Increasing the amount of displayed bars, however, will decrease this width.

* Reset: Selecting this option will return all of the values back to the original parameters that were present
when the Smooth cells window was first invoked.

Show: The user may press the left mouse button on any of the bars in the histogram and the color will
change from green to pink. Toggling ON Show will display the cells that fall within the selected range on
the model in the main viewing window.

+ Solid: This toggle option will display the cells as solid tetras, rather than as the default grid representation.
The user will have to select Show, as well, to activate this option.

* Subset: If the user has highlighted bars from the histogram and toggled ON Show, the cells displayed in
white color are also placed into a Subset. The visibility of this subset is controlled by Subset from the
Display Tree. Add select: This option allows the user to add cells to an already established subset.

Smoothing Elements window:
Smoothing iterations: This value is the number of times the smoothing process will be performed.
Models with a more complicated geometry will require a greater number of iterations to obtain the
desired quality, which is assigned in Up to quality.

Up to quality: As mentioned previously, the Min value represents the worst quality of cells, while the Max value
represents the highest quality cells. Usually, the Min is set at 0.0 and the Max is set at 1.0. The Up to quality
value gives the smoother a quality to aim for. Ideally, after smoothing, the quality of the cells should be higher
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than or equal to this value. If this does not happen, the user should find other methods of improving the quality,
such as merging nodes and splitting edges. For most models, the cells should all have ratios of greater than 0.3,
while a ratio of 0.15 for complicated models is usually sufficient.

* Freeze: If the Freeze option is selected for a cell type, the nodes of this cell type will be fixed during the
smoothing operation; thus, the cell type will not be displayed in the histogram.

* Float:If the Float option is selected for a cell type, the nodes of the cell type are capable of moving freely,
allowing nodes that are common with another type of cell to be smoothed. The quality of elements set
to Float is not tracked during the smoothing process and so the quality is not displayed in the histogram.

2.3.8. Quality metric
Changing this option allows the user to modify what the histogram displays.

Quality: This histogram displays the overall quality of the mesh. The x-axis measures the quality, with 0 repres-
enting poor quality and 1 representing high quality. The y-axis measures the number of cells that belong within
each quality sub-range. Aspect ratio: For HEXA_8 (hexahedral) and QUAD_4 (quadrilateral) cells, the Aspect
ratio is defined as the ratio of the distances between diagonally opposite vertices (shorter diagonal/longer diag-
onal). For TETRA_4 (tetrahedral) cells, MED calculates the ratio between the radii of an inscribed sphere to a
circumscribed sphere for each cell. For TRI_3 (triangular) cells, this operation is done using circles. An Aspect
ratio of 1 is a perfect cell and an Aspect ratio of 0 indicates that the cell has zero volume. Determinant: This
histogram is based on the determinant of the Jacobian matrix. The Jacobian value is based on the difference
between the internal angles of the opposing edges within the cell.Min angle: The Min angle option yields a
histogram based upon the minimum internal angle of the cell edges.Max warp: This histogram is based on the
warpage of the quad faces of the prism. This is based on the worst angle between two triangles that make up
the quad face. Skew: This histogram is based upon calculations of the maximum skewness of a hexahedral or
quadrilateral cell. The skewness is defined differently for volume and surface cells. For a volume cell, itis obtained
by taking all pairs of adjacent faces and computing the normals. The maximum value thus obtained, is normalized
so that 0 corresponds to perpendicular faces and 1 corresponds to parallel faces. Custom quality: One can define
one's own quality definition by going to Diagnostics > Quality metrics. Select the Diagnostic: as Custom
quality and go for Define custom quality. One can change the values there to suit his/her needs.

2.3.9. Advanced options

Prism warpage Ratio
Prisms are smoothed based on a balance between prism warpage and prism aspect ratio. Numbers from
0.01 to 0.50 favor improving the prism aspect ratio, and from 0.50 to 0.99 favor improving prism warpage.
A value of 0.5 favors neither. The farther the value is from 0.5, the greater the effect.

Stay on geometry
This is the default where normally, when a grid is smoothed, the nodes are restricted to the geometry --
surface, curves and points -- and can only be moved along the geometrical entities to obtain a better mesh.

Violate geometry Tolerance
Selecting this option allows the smoothing operation to yield a higher quality mesh by violating the constraints
of the geometry. The nodes can be moved off of the geometry to obtain better mesh quality, as long as the
movement remains within the absolute distance specified by the user.

Violate geometry Relative Tolerance
This option works in the similar fashion as above except that the distance is relative here.

Allow refinement
If the quality of the mesh cannot be improved through normal algebraic smoothing, Allow refinement will
allow the smoother to automatically subdivide tetras to obtain further improvement. After smoothing with
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Allow refinement selected, it may be necessary to Smooth further with the option turned off. The goal of
this option is to reduce the number of cells that are attached to one vertex by refinement in problem regions.

Laplace smoothing
This option will solve the Laplace equation, which will generally yield a more uniformly spaced mesh.

Note — This can sometimes lead to a lower determinant quality of the prisms. Also, this option works
only for the triangular surface mesh.

Allow node merging
This option will collapse and remove the worst tetra and prism elements when smoothing in order to obtain
a higher quality mesh. This default option is often very useful in improving the grid quality.

Not just worst 1%
This option will smooth all of the geometry's cells to the assigned quality -- specified under Up to quality -
- notjust focus on the worst 1% of the mesh. Typically, when a mesh is smoothed, the smoother concentrates
on improving the worst regions; this option will allow the smoother to continue smoothing beyond the
worst regions until the desired quality is obtained.

Surface fitting
This option will smooth mesh, keeping the nodes and the new mesh restricted along the surface of the
geometry. Only Hexa models will utilize this option.

Ignore pre points
Selecting this option will allow the smoother to attempt to improve the mesh quality without being bound
by the initial points of the geometry. This option is similar to the Violate geometry option, but works only
for points located on the geometry. This option is available only when the user has hexahedral cells in the
model. Usually, the best way to improve the quality of grids that cannot be smoothed above a certain level
is to concentrate on the surface mesh near the bad cells and edit this surface mesh to improve the quality.
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Hexa is a 3-D object-based, semi-automatic, multi- block structured and unstructured, surface and volume
mesher.

3.1. Introduction

Hexa represents a new approach to hexahedral mesh generation. The block topology model is generated directly
on the underlying CAD geometry. Within an easy-to-use interface, those operations most often performed by
experts are readily accessible through automated features.

Recognized as the fastest hexahedral mesh generation tool in the market, ICEM CFD 4.CFX allows users to
generate high-quality meshes for aerospace, automotive, computer and chemical industry applicationsin a
fraction of the time required for traditional tools.

The user has access to two types of entities during the mesh generation process in Hexa: block topology and
geometry. After interactively creating a 3-D block topology model equivalent to the geometry, the block topology
may be further refined through the splitting of edges, faces and blocks. In addition, there are tools for moving
the block vertices -- individually or in groups -- onto associated curves or CAD surfaces. The user may also asso-
ciate specific block edges with important CAD curves to capture important geometric features in the mesh.

Moreover, for models where the user can take advantage of symmetry conditions, topology transformations
such as translate, rotate, mirror and scaling are available. The simplified block topology concept allows rapid
generation and manipulation of the block structure and, ultimately, rapid generation of the hexahedral meshes.

Hexa provides a projection-based mesh generation environment where, by default, all block faces between
different materials are projected to the closest CAD surfaces. Block faces within the same material may also be
associated to specific CAD surfaces to allow for definition of internal walls. In general, there is no need to perform
any individual face associations to underlying CAD geometry, which further reduces the difficulty of mesh gen-
eration.

For more useful information on Hexa, please go to.

3.2. Features of Hexa

Some of the more advanced features of Hexa include:O-grids: For very complex geometry, Hexa automatically
generates body-fitted internal and external O-grids to parametrically fit the block topology to the geometry to
ensure good quality meshes.Edge-Meshing Parameters: Hexa's edge-meshing parameters offer unlimited
flexibility in applying user specified bunching requirements.Time Saving Methods: Hexa provides time saving
surface smoothing and volume relaxation algorithms on the generated mesh.Mesh Quality Checking: With a
set of tools for mesh quality checking, cells with undesirable skewness or angles may be displayed to highlight
the block topology region where the individual blocks need to be adjusted.Mesh Refinement/Coarsening:
Refinement or coarsening of the mesh may be specified for any block region to allow a finer or coarser mesh
definition in areas of high or low gradients, respectively.Replay Option: Replay file functionality enables para-
metric block topology generation linked to parametric changes in geometry. Symmetry: As necessary in analyzing
rotating machinery applications, for example, Hexa allows the user to take advantage of symmetry in meshing
a section of the rotating machinery thereby minimizing the model size. Link Shape: This allows the user to link
the edge shape to existing deforming edge. This gives better control over the grid specifically in the case of
parametric studies.Adjustability: Options to generate 3-D surface meshes from the 3-D volume mesh and 2-D
to 3-D block topology transformation.
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3.3. Mesh Generation with Hexa

To generate a mesh within Hexa the user will :

Import a geometry file using any of the direct, indirect or facetted data interfaces.

Interactively define the block model through split, merge, O- grid definition, edge/face modifications and
vertex movements.

Check the block quality to ensure that the block model meets specified quality thresholds.

Assign edge meshing parameters such as maximum cell size, initial cell height at the boundaries and ex-
pansion ratios.

* Generate the mesh with or without projection parameters specified. CheckMesh quality to ensure that
specified mesh quality criteria are met.

+  Write Output files to the desired solvers.

If necessary, the user may always return to previous steps to manipulate the blocking if the mesh quality does
not meet the specified threshold or if the mesh does not capture certain geometry features. The blocking may
be saved at any time, thus allowing the user to return to previous block topologies.

Additionally, at any point in this process, the user can generate the mesh with various projection schemes such
as full face projection, edge projection, point projection or no projection at all.

Note — Note : In the case of no projection, the mesh will be generated on the faces of the block model
and may be used to quickly determine if the current blocking strategy is adequate or if it must be modified.

3.4. The Hexa Database

The Hexa database contains both geometry and block topology data, each containing several sub-entities.
The Geometric Data Entities:

* Points: x, y, z point definition
*  Curves: trimmed or untrimmed NURBS curves

« Surfaces: NURBS surfaces, trimmed NURBS surfaces
The Block Topologic Data Entities:

+  Vertices: corner points of blocks, of which there are at least eight, that define a block
+ Edges: a face has four edges and a block twelve
+ Faces: six faces make up a block

+  Blocks: volume made up of vertices, edges and faces

3.5. Intelligent Geometry in Hexa

Using ANSYS ICEM CFD's Direct CAD Interfaces, which maintain the parametric description of the geometry
throughout the CAD model and the grid generation process, hexahedral grids can be easily remeshed on the
modified geometry.
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The geometry is selected in the CAD system and tagged with information (made intelligent) for grid generation
such as boundary conditions and grid sizes and this intelligent geometry information is saved with the master
geometry.

In Hexa, by updating all entities with the update projection function, blocking vertices projected to prescribed
points in the geometry are automatically adapted to the parametric change and one can recalculate the mesh
immediately. Additionally, with the use of its Replay functionality, Hexa provides complete access to previous
operations.

3.6. Unstructured and Multi-block Structured Meshes

The mesh output of Hexa can be either unstructured or multi-block structured and need not be determined
until after user has finished the whole meshing process when the output option is selected.

3.6.1. Unstructured Mesh Output:

The unstructured mesh output option will produce a single mesh output file where all common nodes on the
block interfaces are merged, independent of the number of blocks in the model.

3.6.2. Multi-Block Structured Mesh Output:

Used for solvers that accept multi-block structured meshes, the multi-block structured mesh output option will
produce a mesh output file for every block in the topology model.

For example, if the block model has 55 blocks, there will be 55 output files created in the output directory.

Additionally, without merging any of the nodes at the block interfaces, the Output Block option allows the user
to minimize the number of output files generated with the multi-block structured approach.

3.7. Blocking Strategy

With Hexa, the basic steps necessary to generate a hexahedral model are the same, regardless of model com-
plexity. The blocking topology, once initialized, can then be modified by splitting and merging the blocks, as
well as through the use of an operation called O-grid (Refer to the next section). While these operations are
performed directly on the blocks, the blocks may also go through indirect modification by altering the sub-en-
tities of the blocks (i.e.: the vertices, edges, faces).

Upon initialization, Hexa creates one block that encompasses the entire geometry. The subsequent operations
under the Blocking menu of developing the block model, referred to as "blocking the geometry," may be per-
formed on a single block or across several blocks.
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Note — Note : The topologic entities in Hexa are color-coded based on their properties.
Colors of Edges:
White Edges and Vertices:

These edges are between two material volumes. The edge and the associated vertices will be projected
to the closest CAD surface between these material volumes. The vertices of these edges can only move
on the surfaces.

Blue Edges and Vertices:

These edges are in the volume. The vertices of these edges, also blue, can be moved by selecting the
edge just before it and can be dragged on that edge.

Green Edges and Vertices:

These edges and the associated vertices are being projected to curves. The vertices can only be moved
on the curves to which it is being projected.

Red Vertices:

These vertices are projected to prescribed points.

3.7.1. Split

The Split function, which divides the selected block interactively, may be applied across the entire block or to
an individual face or edge of a block by using the Split face or Split edge options, respectively. Blocks may be
isolated using the Index control.

3.7.2. Merge

The Merge function works similarly to split blocks; one can either merge the whole block or merge only a face
or an edge of the block.

While some models require a high degree of blocking skill to generate the block topology, the block topology
tools in Hexa allow the user to quickly become proficient in generating a complex block model.

3.8. Using the Automatic O-grid

The O-grid creation capability is simply the modification of a single block or blocks to a 5 sub-block topology as
shown in Figure 3.1: “Initial block, block with O-Grid, O-Grid with include a face”. There are several variations of
the basic O-grid generation technique and the O-grid shown below is created entirely inside the selected block.
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Section 3.8: Using the Automatic O-grid

Figure 3.1 Initial block, block with O-Grid, O-Grid with include a face

Using the Add face option, an O-grid may also be created such that the O-grid passes through the selected

block faces. In Figure , the Add Face option was used on the right most block to add the bottom face on the
block prior to generating the O-grid.
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Another important feature of the automatic O-grid is the ability to re-scale the O-grid after generation. When
the O-grid is generated, the size of the O-grid is scaled based upon a factor in the Blocking > O-grid parameter
window. The Re scale O grid option allows the user to re-scale the previously generated O-grid.

The blocks may also be modified by moving the vertices of the blocks and by defining specific relationships
between the faces, edges and vertices to the geometry.

3.9. Most Important Features of Hexa

Hexa has emerged as the quickest and most comprehensive software for generating large, highly accurate, 3D-
geometry based hexahedral meshes. Now, in the latest version of Hexa, it is also possible to generate 3D surface
meshes with the same speed and flexibility.
+  CAD- and projection-based hexahedral mesh generation
+ Easy manipulation of the 3D object-based topology model
* Modern GUI and software architecture with the latest hexahedral mesh technology
+ Extensive solver interface library with over 100 different supported interfaces
+ Automatic O-grid generation and O-grid re-scaling
Geometry-based mesh size and boundary condition definition
Mesh refinement to provide adequate mesh size in areas of high or low gradients
Smoothing/relaxation algorithms to quickly yield quality meshes
Generation of multi-block structured, unstructured, and super- domain meshes
+  Ability to specify periodic definitions
+ Extensive replay functionality with no user interaction for parametric studies

+ Extensive selection of mesh bunching laws including the ability to graphically add/delete/modify control
points defining the graph of the mesh bunching functions

+ Link bunching relationships between block edges to automate bunching task

+ Topology operations such as translate, rotate, mirror, and scaling to simplify generation of the topology
model

+ Automatic conversion of 3D volume block topology to 3D surface mesh topology
« Automatic conversion of 2D block topology to 3D block topology
+ Block face extrusion to create extended 3D block topology
Multiple projection options for initial or final mesh computation
Quality checks for determinant, internal angle and volume of the meshes
Domain renumbering of the block topology
Output block definition to reduce the number of multi-block structured output mesh files

+ Block orientation and origin modification options

3.10. Automatic O-grid generation

Generating O-grids is a very powerful and quick technique used to achieve a quality mesh. This process would
not have been possible without the presence of O-grids. The O-grid technique is utilized to model geometry
when the user desires a circular or "O"-type mesh either around a localized geometric feature or globally around
an object.
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3.10.1. Important Features of an O-grid

Generation of Orthogonal Mesh Lines at an Object Boundary
The generation of the O-grid is fully automatic and the user simply selects the blocks needed for O-grid
generation. The O-grid is then generated either inside or outside the selected blocks. The O-grid may be
fully contained within its selected region, or it may pass through any of the selected block faces.

Rescaling an O-grid After Generation
When the O-grid is generated, the size of the O-grid is scaled based upon the Factor in the Blocking > O-
grid parameter window. The user may modify the length of the O-grid using the Blocking > Re- scale O-
grid option. If a value that is less than 1 is assigned, the resulting O-grid will be smaller than the original. If,
however, a value is larger than 1, the resulting O-grid will be larger.

3.11. Edge Meshing Parameters

The edge meshing parameter task has been greatly automated by providing the user with unlimited flexibility
in specifying bunching requirements. Assigning the edge meshing parameters occurs after the development of
the block topology model. This option is accessible by selecting Meshing > Edge params.

The user has access to the following pre-defined bunching laws or Meshing laws:

Default (Bi-Geometric Law)UniformHyperbolicPoissonCurvatureGeometric 1Geometric 2Exponential 1Ex-
ponential 2Bi-ExponentialLinearSpline

The user may modify these existing laws by applying pre-defined edge meshing functions, accessible through
the Meshing > Edge Params > Graphs option in Hexa.

This option yields these possible functions: ConstantRampS curveParabola MiddleParabola EndsExponen-
tialGaussianLinearSpline

Note — Note: By selecting the Graphs option, the user may add/delete/ modify the control points gov-
erning the function describing the edge parameter settings. Additional tools such as Linked Bunching
and the multiple Copy buttons provide the user with the ability to quickly apply the specified edge
bunching parameters to the entire model.

3.12. Smoothing Techniques

In Hexa, both the block topology and the mesh may be smoothed to improve the overall block/mesh quality
either in a certain region or for the entire model. The block topology may be smoothed to improve the block
shape prior to mesh generation. This reduces the time required for development of the block topology model.

The geometry and its associative faces, edges, and points are all constraints when smoothing the block topology
model. Once the block topology smoothing has been performed, the user may smooth the mesh after specifying
the proper edge bunching parameters.

The criteria for smoothing are: Determinant: This criteria attempts to improve the cell's determinant by movement
of nodes, which are subject to geometry and association constraints.Laplace: The Laplace option attempts to
minimize abrupt changes in the mesh lines by moving the nodes.Warp: The Warp method is based upon cor-
recting the worst angle between two cells in the mesh. Quality: Like the determinant criteria, the Quality criteria
attempts to improve the cell's interior angle by repositioning the nodes, which are subject to geometry and as-
sociation constraints.Orthogonality: The Orthogonality option attempts to provide orthogonal mesh lines at
all boundaries of the model.Skewness: The Skewness is defined differently for volume and surface cells. For a
volume cell, this value is obtained by taking all pairs of adjacent faces and computing the normals. The maximum
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value thus obtained is normalized so that 0 corresponds to perpendicular faces, and 1 corresponds to parallel
faces. For surface cells, the skew is obtained by first taking the ratio of the two diagonals of the face. The skew
is defined as one minus the ratio of the shorter diagonal over the longer diagonal. Thus, 0 is perfectly rectangular,
and 1 represents maximum skewness.

3.13. Refinement and Coarsening

The refinement function, which is found through Meshing > Refinement, can be modified to achieve either a
refined or a coarsened result. The refinement/coarsening may be applied in all three major directions simultan-
eously, or they may be applied in just one major direction.

3.13.1. Refinement

The refinement capability is used for solvers that accept non-conformal node matching at the block boundaries.
The refinement capability is used to minimize the model size, while achieving proper mesh definition in critical
areas of high gradients.

3.13.2. Coarsening

In areas of the model where the flow characteristics are such that a coarser mesh definition is adequate,
coarsening of the mesh may be appropriate to contain model size.

3.14. Replay Functionality

Parametric changes made to model geometry are easily applied through the use of Hexa's replay functionality,
found in File > Replay. Changes in length, width and height of specific geometry features are categorized as
parametric changes. These changes do not, however, affect the block topology. Therefore, the Replay function
is capable of automatically generating a topologically similar block model that can be used for the parametric
changes in geometry.

If any of the Direct CAD Interfaces are used, all geometric parameter changes are performed in the native CAD
system.

3.14.1. Generating a Replay File

The first step in generating a Replay file is to activate the recording of the commands needed to generate the
initial block topology model. As mentioned above, this function can be invoked through File > Replay. All of
the steps in the mesh development process are recorded, including blocking, mesh size, edge meshing,
boundary condition definition, and final mesh generation. The next step in the process is to make the parametric
change in the geometry and then replay the recorded Replay file on the changed geometry. All steps in the
mesh generation process are automated from this point.

3.14.2. Advantage of the Replay Function

With the Replay option, the user is capable of analyzing more geometry variations, thus obtaining more inform-
ation on the critical design parameters. This can yield optimal design recommendations within the project time
limits.

3.15. Periodicity

Periodic definition may be applied to the model in Hexa. The Periodic nodes function, which is found under
Blocking > Periodic nodes, plays a key role in properly analyzing rotating machinery applications, for example.
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Typically, the user will model only a section of the rotating machinery, as well as implement symmetry, in order
to minimize the model size. By specifying a periodic relationship between the inflow and outflow boundaries,
the particular specification may be applied to the model -- flow characteristics entering a boundary must be
identical to the flow characteristics leaving a boundary.

3.15.1. Applying the Periodic Relationship

The periodic relationship is applied to block faces and ensures that a node on the first boundary have two
identical coordinates to the corresponding node on the second boundary. The user is prompted to select corres-
ponding vertices on the two faces in sequence. When all vertices on both flow boundaries have been selected,
a full periodic relationship between the boundaries has been generated.

3.16. Mesh Quality

The mesh quality functions are accessible through Meshing > Quality check. Any of the four quality check options
will display a histogram plot for the user.

3.16.1. Determining the Location of Cells

By clicking on any of the histogram bars with the left button, the user may determine where in the model these
cells are located. The selected histogram bars will change in color to pink. After selecting the bar(s), the Show
button is pressed to highlight the cells in this range. If the Solid button is turned on, the cells marked in the
histogram bars will be displayed with solid shading.

3.16.2. Determinant

The Determinant check computes the deformation of the cells in the mesh by first calculating of the Jacobian
of each hexahedron and then normalizing the determinant of the matrix. A value of 1 represents a perfect
hexahedral cube, while a value of 0 is a totally inverted cube with a negative volume. The mesh quality, measured
on the x-axis, of all cells will be in the range from 0 to1. If the determinant value of a cell is 0, the cube has one
or more degenerated edges. In general, determinant values above 0.3 are acceptable for most solvers.

The y-axis measures the number of cells that are represented in the histogram. This scale ranges from 0 to a value
thatis indicated by the Height. The subdivision among the quality range is determined by the number of assigned
Bars.

3.16.3. Angle

The Angle option checks the maximum internal angle deviation from 90 degrees for each cell. Various solvers
have different tolerance limits for the internal angle check. If the cells are distorted and the internal angles are
small, the accuracy of the solution will decrease. It is always wise to check with the solver provider to obtain
limits for the internal angle threshold.

3.16.4. Volume

The Volume check will compute the internal volume of the cells in the model. The units of the volume will be
displayed in the unit that was used to create the model.

3.16.5. Warpage

The Warpage check will yield a histogram that indicates the level of cell distortion. Nodes that are in-plane with
one another will produce a cell with small warpage. Nodes that make cells twisted or distorted will increase a
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cells distortion, giving a high degree of warpage. The y-axis is the scale for the number of cells represented in
the histogram - a value determined by the assigned Height. The x- axis, which ranges from a Min of 0 to a Max
of 90, is the degree of warpage that a cell experiences.
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Properties menu allows the user to create different materials by specifying the material type that is whether
isotropic, Young's Modulus, Poission's ratio. Once the material is created the user can apply those properties to
the respected elements.

4.1. Create Material Property

Here the user can define a material by Specifying a name of the material, define whether isotropic, Young's
Modulus, Shear modulus, Poission's ratio, Mass Density, Thermal expansion coefficient.

4.2. Save Material

This Option allows the user to save the material which is created, So that user can retrieve the material when
ever necessary. The material file will be saved with .mat extension.

4.3. Open Material

This option allows the user to open a material file so that the user can use the same for future or modify the file
and save for further usage.

4.4. Define Table

Here user can create different tables by specifying the values for x and y ,and user can even visualize the graph.

4.5, Define Point Element

Although the user has created the mesh, user has to apply the material created to the respected elements. Allows
user to define point element, user have to specify Mass type and scalar Mass.

4.6. Define Line Element

This option allows the user to select a part and Specify the material which is already, and property identification
number, cross section Area and moment of inertia.

4.7. Define Shell Element

This option allows the user to select a part and specify the property identification number material, thickness
etc.

4.8. Define Volume Element

This option allows the user to select a part and specify the material, property identification number etc.

ANSYS ICEM CFD/AlI*Environment 10.0 User Manual . . © SASIP, Inc.



4-2



Chapter 5: Constraints

Here user can define the constraints on deferent entities like point, curve, surface, subset & other options like
Contact definition, Velocity and Rigid Wall.

5.1. Displacement on Point
This option allows the user to apply the constraint on point in directional displacement Translation can be con-

strained in all the three directions by clicking in the checkbox displacement values can be specified, and similarly
Rotational displacement.

5.2. Displacement on Curve

This option allows the user to apply the constraint on Curve in directional displacement Translation can be
constrained in all the three directions, and similarly rotational displacement

5.3. Displacement on Area

This option allows the user to apply the constraint on Area in directional displacement as well as Rotational dis-
placement

5.4. Displacement on Subset

This option allows the user to apply the constraint on Subset in directional displacement as well as Rotational
displacement

5.5. Define Contact
Here there are two options are available for the user

5.5.1. Automatic Detection

User has to specify Contact proximity Factor, It is a range within which all the elements get selected.

5.5.2. Manual Definition

Here user has to manually pick the contact and target surfaces. for the contact creation.

5.6. Define Single Surface Contact

This is mainly used for LS-Dyna Solver, wherein user can pick the contact surface.

5.7. Define Initial velocity

This allows the user to define the rigid wall by specifying the directional and rotational velocity.

5.8. Define Planar Rigid wall

User can define Planar Rigid Wall by Specifying the Head and Tail coordinates.
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Chapter 6: Loads

In this tab there are several optional available for applying the Load, Pressure temperature and gravity

Theory

Force Distribution follows the following formulation.

Curve

Total Force 'FT'is applied on the curve as shown in Figure 6.1: “ Elements on Curve”.

Where L1 is the length of Element 1, '0" and '1' are the node number connecting Element 1.

Figure 6.1 Elements on Curve

0 1 2 3 4

@ *—© &) &)
L1 L2 L3 L4

Then the force distribution on 'Linear' elements as per the FEA concept is shown in Figure 6.2: “Force Distribution
as per the FEA concepts”.
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Figure 6.2 Force Distribution as per the FEA concepts
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The formulation for Linear Element is as follow
Points 0: FO = 0.5*% FT *(L1/LT)

Points 1: F1 = 0.5% FT *(L1/LT) + 0.5* FT *(L2/LT)
Points 2: F2 = 0.5*% FT *(L2/LT) + 0.5* FT *(L3/LT)
Points 3: F3 = 0.5* FT *(L3/LT) + 0.5* FT *(L4/LT)
Points 4: F4 = 0.5* FT *(L4/LT)

The general formula is as follow

Fi=Sum [FT * (L (attached element)/LT) * (1/number of nodes per element)]
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If we sum up FO+F1+F2+F3+F4 then the resultant comes to be FT
It also satisfies the FEA concepts

Now if we want to apply the same force on the Quadratic Element as shown in Figure 6.3: “Quadratic Element
Nodes position”.

Figure 6.3 Quadratic Element Nodes position

. m 1 m?2 z m3 3 mi 4
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L1 L2 L3 L4

m1.m2.m3.m4 are mid side nodes of Element 1.2.3.4

The Load distribution as per the FEA concept on the Quadratic elements is shown in Figure 6.4: “Load Distribution
as per the FEA concepts”.
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Figure 6.4 Load Distribution as per the FEA concepts
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The formulation of Total Force at the side nodes is as follow
Points 0:FOq = (1/6)* FT *(L1/LT)

Points 1:F1q = (1/6)* FT *(L1/LT) + (1/6)* FT *(L2/LT)

Points 2:F2q = (1/6)* FT *(L2/LT) + (1/6)* FT *(L3/LT)

Points 3:F3q = (1/6)* FT *(L3/LT) + (1/6)* FT *(L4/LT)

Points 4: F4q = (1/6)* FT *(L4/LT)

But the formulation of mid-side node is as follow

Points m1: Fm1 = (2/3)* FT *(L1/LT)

Points m2: Fm2 = (2/3)* FT *(L2/LT)
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Points m3: Fm3 = (2/3)* FT *(L3/LT)

Points m4: Fm4 = (2/3)* FT *(L4/LT)

As in the previous case of Linear Element the total Force of Quadratic element is
Frota= FOQ+ F1g+ F2g+ F3g+ F4g+ Fm1+ Fm2+ Fm3+ Fm4

Which yields Frgea=FT

QUAD 9 Consistent Nodal Load Distributions

The Nine Node two dimension Lagrange QUAD 9 Element is shown in Figure 6.5: “QUAD9 Element”.

Figure 6.5 QUAD9 Element
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The Shape function for Corner Node

N, (2,2) =(1/4)* 22(2-1)(2-1)

The Shape function for Mid-Side Node

N5(2, 2) = (1/2)* 2(1-2%)( 2-1)

The Shape function for Middle Node

No(2, 2) = (1-2%)(1-7%)

Suppose a Force F is uniformly distributed over the whole Area the pressure is
p=F/4 (Because in ‘??' coordinate system the Area of the rectangle is '4")

To Find Consistent Load

"—0—@
®
v
=
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Consistent Load at Node 1=L1
Consistent Load at Node 5=L5
Consistent Load at Node 9=L9

On Integration we get the following values

2

L1=p ,_,? =" 1,=-12 "N, d?d?=4p/36

L5=p,_,? =" ",=-12 =+ Ny d?d?=4p/9

L9=p,_,? =" ",=-12=*'Ny d?d?=16p/9

Now F=4p

Putting this value in the above equation we get the consistent Nodal Force as
L1=F/36

L5=F/9

L9=4F/9

By symmetry Consistent Nodal Force on Node 1, 2, 3&4 are equal.
By symmetry Consistent Nodal Force on Node 5, 6, 7&8 are equal.
Now Total Force =4*L1+4*L5+L9

=F/9+4F/9+4F/9

=F

Note — Note: The same method is employed for calculating the Consistent Nodal Force on QUADS ele-
ment, which gives correct results

6.1. Force on Point

Using this option user can apply force on points in all the three directions as well as user can apply the moment
in x,y,z, directions. Here specifying negative value implies force applied in the negative direction.

6.2. Force on curve

Using this option user can apply force on Curves in all the three directions as well as user can apply the moment
about x, y, z directions.

There are two options available Force can be applied on curves uniformly -implies the nodes attached to the
curve will be applied the same force

Incase of Total, The force applied on the curve gets distributed on the nodes attached to the curves according
to the FEA concepts
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6.3. Force on Surface

Using this option user can apply force on Surface in all the three directions; Negative value indicates force acts

away from the surface.

6.4. Force on Subset

Using this option user can apply Force on Subset.

6.5. Pressure on surfaces

The user can apply the Pressure on Surfaces.

6.6. Pressure on subset

The user can apply the Pressure on Subset.

6.7. Temperature on Points

This option allows the user to apply the Temperature on point.

6.8. Temperature on curves

This option allows the user to apply the Temperature on Curve.

6.9. Temperature on Surface

Allows user to apply Temperature on Surface

6.10. Temperature on Body

Allows user to apply Temperature on Body

6.11. Temperature on Subset

This option allows the user to apply the Temperature on Subset

6.12. Set Gravity

This option allows the user to apply the Gravity
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Chapter 7: Solver Options

This Menu includes tabs for specifying the Solver. Specify the analysis Solution and Post processing

Fore more useful information about Solver Options, please go to http://www-berkeley.ansys.com/fag/faq_top-
ic_7.html.

7.1. Setup Solver Parameters.

You can select from the following solvers: ANSYS, Nastran, ABAQUS, and LSDyna.

7.2. Setup Analysis Type

Depending on the selected solver, different options are available. For the ANSYS solver, you can select either
Structural or Thermal. If Nastran solver is selected, then you have the choice of more Analysis types.

7.3. Setup Sub-Case

To apply the load in different steps, subcases can be created.
7.4. Write/View Input file

To create and view the input file generated for the solver.

7.5. Submit Solver Run

Using this option, you can solve the input file generated for a particular solver.
7.6. Post Process Results
Allows you to plot the results.

7.7. FEA Solver Support

For more useful information on FEA Solvers Support, please go to http://www-berkeley.ansys.com/faqg/faq_top-
ic_7.html
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The ANSYS ICEMCFD Projects

Each project represents a directory within the
$ICEM_ACN/../docu/CFDHelp/CFD_Tutorial Files directory. Since
some of the projects are used as examples in multiple meshing modules,
this directory may contain several files. A particular project directory can
contain one or more of the following files:

* prj: Project settings
* tin: Tetin (geometry)
*uns: Unstructured mesh

domain.*: Multiblock structured hexahedral meshes

* blk: Block topology

* fbe: Boundary conditions (for solver output)
* atr: Attributes (for solver output)

* par: Parameters (for solver output)

*1pl: Replay script

*rf: Journal (echo) file

These extensions are preceded typically with the project name, e.g.,
projectl.tin is the tetin (geometry) file associated with projectl. Most of
the tutorials will already have a tetin file called geometry.tin (the project
has yet to be created).

Some of the tutorials will begin with a 3™ party geometry, e.g.,

geometry.stl (stereolithography — triangulated surface data), which is then
saved to the *.tin format.
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The Tutorial Examples

It is recommended that for each chapter, the tutorials be done in sequence.
Commands in succeeding tutorials may be referred to or explained in a
previous tutorial. Please read through the introduction before beginning
the tutorials.

The input files for the tutorials can be found within the ANSYS
ICEMCEFD installation. For example:
~/Ansys_inc/v100/icemcfd/linux64/../docu/CFDHelp/CFD_Tutorial Files.
They can also be downloaded from _http://www-
berkeley.ansys.com/icemcfd_ftp/index.html#icemcfd 100_manual. This
download also contains these manuals in *.pdf format for hardcopy output.

Tutorial Design

These tutorials provide explanation for each step in the mesh generation
process. The user not only learns the sequence of commands, but also
comes to understand the concept behind the individual commands. After
going through these tutorials, the user will be capable of extending his or
her knowledge of the functions into more complicated projects.

Each example will either introduce new features or use familiar features in
new ways to ultimately achieve better results for specific geometries.
Lessons begin by outlining the functions and operations being introduced
in the example. New features will receive the most thorough explanations
in the chapter in which they are first introduced.

For specific questions regarding the usage of a command, refer to Help >

Help Topics.

Text Conventions

The text conventions of this tutorial are categorized in the following
manner:
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“>” indicates order of selection. For example, “Edges > Group curve > screen
select” means to choose the screen select option of the Group curve function

found in the Edges menu.

Italicized font indicates a button selection.

Bold font indicates user input.

ALL CAPS indicates a part/entity name.

Mouse and Keyboard functions

Mouse Button or
Keyboard key

Action Description

Left mouse button,

Rotates model

click and drag

Right mouse button, Zooms in or out on the
click and drag model

up/down

Right mouse button, Rotates model about
click and drag screen Z-axis

left/right

Press F9, and then use
any mouse button.
Press F9 again to

Toggles temporarily to
dynamic mode
(translate, zoom,

return to previous rotate)

operation.

F11 Key Emergency Graphics
Reset
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Introduction to ANSYS ICEMCFD

1: Introduction to ANSYS ICEMCFD

Meeting the requirement for integrated mesh generation and post
processing tools for today’s sophisticated analysis, ANSYS ICEMCFD
provides advanced geometry acquisition, mesh generation, mesh
optimization, and post-processing tools.

Maintaining a close relationship with the geometry during mesh
generation and post-processing, ANSYS ICEMCEFD is used especially in
engineering applications such as computational fluid dynamics and
structural analysis.

ANSYS ICEMCFD’s mesh generation tools offer the capability to
parametrically create meshes from geometry in numerous formats:

Multiblock structured
Unstructured hexahedral
Unstructured tetrahedral
Cartesian with H-grid refinement

Hybrid Meshes comprising hexahedral, tetrahedral,
pyramidal and/or prismatic elements

Quadrilateral and triangular surface meshes

ANSYS ICEMCEFD provides a direct link between geometry and
analysis.

In ANSYS ICEMCFD, geometry can be input from just about any format,
whether it is from a commercial CAD design package, 3™ party universal
database, scan data or point data.

Beginning with a robust geometry module which supports the creation and
modification of surfaces, curves and points, ANSYS ICEMCFD’s open geometry
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Introduction to ANSYS ICEMCFD

database offers the flexibility to combine geometric information in various
formats for mesh generation. The resulting structured or unstructured meshes,
topology, inter-domain connectivity and boundary conditions are then stored in a
database where they can easily be translated to input files formatted for a
particular solver.

1.1: The Unified Geometry Concept

The unified geometry input environment in ANSYS ICEMCEFD provides
rapid geometry evaluation capability for computational mesh generation.
This environment can combine CAD surface geometry and triangulated
surface data into a single geometry database using the geometry interfaces.

All geometry entities, including surfaces, curves and points are tagged or
associated to a grouping called a part. With this part association, the user
can quickly toggle off or on all entities within the parts, visualize them
with a different color, assign mesh sizes on all entities within the part and
apply different boundary conditions by part.

Geometry is collected into a common geometry database (tetin file) which
can be used by any of ANSYS ICEMCFD’s meshing modules.

Direct CAD Interfaces and Intelligent Geometry

The ANSYS ICEMCEFD Direct CAD Interfaces provide the bridge between
parametric geometry creation tools available in CAD systems and the
computational mesh generation, post-processing and mesh optimization tools
available in ANSYS ICEMCFD, allowing users to operate in their native CAD
systems. ANSYS ICEMCEFD currently supports Direct CAD Interfaces for:

Catia

I-deas

Pro/E
Unigraphics
Solid Works
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In an environment that has the look and feel of their native CAD system, users
can choose solids, surfaces, curves and points, group these entities into parts and
assign mesh sizes for mesh generation.

Further information on ANSYS ICEMCFD’s Direct CAD Interfaces is available
in the ANSYS ICEMCEFD Direct CAD Interface Tutorial Manual.

Since the CAD geometry is tagged with mesh parameters and boundary
conditions directly in this interface, the user can recalculate a mesh reflecting
these changes in the geometry immediately after having saved the geometry file.

3" Party Interfaces
Available for STEP/IGES, DXF, GEMS, ACIS, DWG, Parasolid and point data.

Triangulated Surface Data Input

Available for STL, Patran, Nastran, Plot3d (a popular Aerospace format for
multiblock structured surface meshes) and VRML.

1.2: The ANSYS ICEMCFD Geometry Interface
Geometry Tools

ANSYS ICEMCEFD includes a wide range of tools for creating new and/or
manipulating existing geometry. This allows the user to alter complex
geometry or create simple geometry without having to go back to the
original CAD. This can be done for CAD (NURBS surfaces) and
triangulated surface data.

Although most of the meshing modules within ANSYS ICEMCFD are
forgiving of minor gaps and holes in the geometry, in some cases it is
necessary to find and close large gaps and holes without returning back to
the original CAD. ANSYS ICEMCEFD provides tools to do both on either
CAD or triangulated surfaces.
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Introduction to ANSYS ICEMCFD

Finally, curves and points can be automatically created to capture certain
key features in the geometry. These curves and points will act as
constraints for the mesher, forcing nodes and edges of the elements to lie
along them, and thus capturing the hard feature.

1.3: Meshing Modules
Tetra/Auto Volume

ANSYS ICEMCEFD Tetra takes full advantage of object-oriented
unstructured meshing technology. With no tedious up-front triangular
surface meshing required providing well-balanced start meshes, ANSYS
ICEMCEFD Tetra works directly from the CAD surfaces and fills the
volume with tetrahedral elements using the Octree approach. A powerful
smoothing algorithm provides the element quality. Options are available to
automatically refine and coarsen the mesh both on geometry and within
the volume.

A Delauny algorithm is also included to create tetras from surface mesh
that already exists and also to give a smoother transition in the volume
element size.

Hexa

This ANSYS ICEMCEFD semi-automated meshing module presents rapid
generation of multi-block structured or unstructured hexahedral volume
meshes.

ANSYS ICEMCFD Hexa represents a new approach to grid generation
where the operations most often performed by experts are automated and
made available at the touch of a button.

Blocks can be built and interactively adjusted to the underlying CAD
geometry. This blocking can be used as a template for other similar
geometries for full parametric capabilities. Complex topologies, such as
internal or external O-grids can be generated automatically.
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Prism

For better modeling of near-wall physics of the flow field, ANSYS
ICEMCEFD Prism generates hybrid tetrahedral grids consisting of layers of
prism elements near the boundary surfaces and tetrahedral elements in the
interior. Compared to pure tetrahedral grids, this results in smaller analysis
models, better convergence of the solution and better analysis results.

Hybrid Meshes

Hybrid meshes can be created by several means:

Tetra and Hexa meshes can be united (merged) at a common interface in
which a layer of pyramids are automatically created at a common interface
to make the two mesh types conformal. Good for models where in one
part it is desired to have a “structured” hexa mesh and in another more
complex part it is easier to create an “unstructured” tetra mesh.

Hex core meshes can be generated where the majority of the volume is
filled with a Cartesian array of hexahedral elements essentially replacing
the tetras. This is connected to the remainder of a prism/tetra hybrid by
automatic creation of pyramids. Hex core allows for reduction in number
of elements for quicker solver run time and better convergence.

Shell Meshing

ANSYS ICEMCEFD provides a method for rapid generation of surface
meshes (quad and tri), both 3D and 2D. Mesh types can be all quad, quad
dominant or all tri. Three methods are available:

Patch based shell meshing: Uses a series of “loops” which are

automatically defined by the boundaries of surfaces and/or a series of
curves. Gives best quad dominant quality and capturing of surface details
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Patch independent shell meshing: Uses the Octree method. Best and most
robust on unclean geometry.

Mapped based shell meshing: Internally uses a series of 2d blocks, results
in mesh better lined up with geometry curvature.

1.4: Mesh Visualization and Optimization

Mesh visualization tools, including solid/wireframe display, 2D cut
planes, color coding and node display is provided.

After initial mesh is created by any of the meshing modules, diagnostics
can be performed to determine local and overall mesh quality. Automatic
smoothing algorithms are in place to improve overall quality. Local
editing can be done using a wide range of automatic re-meshing and
manual mesh editing tools.

Output Interfaces

ANSYS ICEMCEFD includes output interfaces to over 100 flow and
structural solvers, producing appropriately formatted files that contain
complete mesh and boundary condition information.

Post Processing

ANSYS ICEMCEFD Visual3 provides easy-to-use powerful result
visualization features for structured, unstructured and hybrid grids, both
steady-state and transient.

Visual3 integrates CAD Geometry, computational grids and the flow
solution within one environment. It provides an in-depth view of data
with visualization tools such as cut planes, stream ribbons, contours,
vectors, grids, iso-surfaces, offset surfaces, result surfaces, integration, XY
plots, data probes, function calculator, solution and experimental
comparison, scripts, annotations and animation. Results can be
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Introduction to ANSYS ICEMCFD

interpolated on imported surface meshes and written out to a different
solution process, e.g. interpolating fluid results on to a surface mesh and
brought in as loads for a structural analysis.

A surface manager tool controls the display status for all surfaces,
including any dynamic surface, domain surfaces and user-defined
surfaces.
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ANSYS ICEMCFD GUI

2: ANSYS ICEMCFD GUI

ANSYS ICEMCFD’s unified graphical user interface, also known as
AT*Environment, offers a complete environment to create and edit your
computational grids.

The AT*Environment GUI includes the following:
Main menu
Function Tabs
Utility icons
Data Entry Zone
Display Control Tree
Graphics Window
Message Window
Histogram (Quality) Display Window

Selection Toolbar

Figure 2.1
The ICEM CFDMesh Editor
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Funetion Tabs

Display Control
Tree

Message Window

2.1: Main Menu

Many of the following menu items are accessible as icons in the upper left
hand corner.

File

The File menu is used to create new or open existing projects, loading and
saving files, importing and exporting geometries and initialize scripting.

Edit

This menu contains Undo/Redo, the option to open a shell window, and
various internal mesh/geometry conversion commands.

View
Contains various options for the standard view, controls, and annotations.
Info

This menu allows the user to get various information regarding geometry,
mesh and individual entities.

Settings
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Contains default settings for performance, graphics, and other settings
most likely to be used more than 90% of the time by a specific user.

Help

Contains links to reference material, tutorials, user’s guide and version
information.

2.2: Utilities

Icon representation of some of the most commonly used functions
represented in the Main menu including opening/closing a project,
undo/redo, and display options. It also includes measurement and setup of
local coordinate systems.

2.3: Function Tabs

The main functionality for the entire grid generation process is accessed
through the function tabs which include: Geometry, Mesh, Blocking,
Edit mesh, Output, Post-processing.

2.3.1: The Geometry menu

The Geometry menu includes functions for the creation, editing and repair
of geometry.

For more information on ANSYS ICEMCFD'’s Tetin files and treatment of
geometry entities, refer to the section on Geometry definitions in Help >
Help Topics.

Functions and utilities in this menu include:

Create Point

Create/Modify Curve

Create/Modify Surface

Create Body

Create Faceted

Repair Geometry

Transform Geometry

Restore Dormant Entities
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ANSYS ICEMCFD GUI

Delete Point, Delete Curve, Delete Surface, Delete Body and Delete Any
Entity.

2.3.2: The Mesh menu

These tools are the heart of ANSYS ICEMCFD. The Mesh menu contains
the ANSYS ICEMCFD meshing modules as well as options to set mesh
sizes (parameters).

Depending on the licensing, some users may not be able to access certain
meshing modules. Contact customer support or ANSYS ICEMCFD’s
website for guidance with any licensing questions, or for help with adding
any additional modules to the license.

The following buttons would lead to different mesh generation modules,
which ANSYS ICEMCFD maintains and develops:

Set Global Mesh Size

Set Surface Mesh Size

Set Curve Mesh Size

Set Meshing Params by Part

Create Mesh Density

Create Elements

Surface Meshing

Volume Meshing

Mesh Prism

Global Cartesian Mesher

Extrude Mesh.

Pressing any of these buttons will invoke the preferred meshing module.

2.3.3: The Blocking menu

The Blocking menu contains the functions necessary to create a topology
for block structured hexahedral meshes. Either a block file must be loaded
or an initial block created to make all the items active.

Create Block

Split Block

Merge Vertices
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Edit Block

Associate

Move Vertex
Transform Blocks
Edit Edge

Pre-Mesh Params
Pre-Mesh Quality
Pre-Mesh Smoothing
Block Checks

Delete Block

2.3.4: The Edit Mesh menu

The Edit mesh menu contains tools necessary for mesh editing, both
automated and manual. Operations include:
Create Elements

Check Mesh

Display Mesh Quality

Smooth Mesh Globally

Smooth Hexahedral Mesh Orthogonal
Repair Mesh

Merge Nodes

Split Mesh

Move Nodes

Transform Mesh

Convert Mesh Type

Adjust Mesh Density

Renumber Mesh

Reorient Mesh

Delete Nodes

Delete Elements

2.3.5: The Output menu

The Output menu contains all tools necessary for setting up the model and
writing out to the solver:
Select Solver
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Boundary Conditions
Edit Parameters
Write Input

2.3.6: The Post Processing menu

The Post Processing menu controls the viewing of solution results. A
results file (from various CFD and structural formats) must first be loaded
to make this menu active. The functions included in the post processing
menu are:

Set Transient Time

Variables

Define Cut Plane

Define Iso Surface

Point Probe on Surface

Import External Surface

Streams

Control All Animations

Annotation

XY or polar

2.4: The Display Control Tree

The Display Control Tree, also referred to as the Display tree, along the
lower left side of the screen, allows control of the display by part,
geometric entity, element type and user-defined subsets.

The tree is organized by categories. Each category can be turned on or off
by selecting the check box. If the check mark is faded, some of the sub-
categories are turned on and some off. Each category can be expanded by
selecting the “+” symbol to reveal the sub-categories. Select “- to
collapse the tree.

Since some functions are performed only on the entities shown, the model
tree is a very important feature to use when isolating the particular entities
to be modified.

Right mouse selecting a particular category or type will reveal several
display and modification options.
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2.4.1: Geometry

Controls display of points, curves, surfaces and bodies (material volumes).
Subsets can also be created, displayed and modified. A given subset can
contain any number of different geometry types. A given entity can
belong to more than one subset.

2.4.2: Mesh

Controls display of all mesh types: points (node elements), lines (bars),
shells (tris or quads) and volumes (tetras, pyramids, prisms, hexas).
Subsets within this category are the same as for Geometry but contain only
mesh element types.

2.4.3: Parts

All entities, geometry or mesh, are associated to a given part. An entity
cannot belong to more than one part. With this association, groups of
entities, regardless of type can be toggled on and off. Parts have a specific
color to discern them from other parts. Parts can be made sub-categories
of assemblies, created by right mouse selecting on “Parts.” Individual
parts can then be dragged and dropped into the assembly. Toggling the
assembly on/off will turn on/off all the parts within the assembly as for
any category/sub-category.

2.4.4: The Message window

The Message window contains all the messages that ANSYS ICEMCFD
writes out to keep the user informed of internal processes. The Message
window displays the communicator between the GUI and the geometry
and meshing functions. It is important to keep an eye on the Message
window, because it will keep the user informed of the status of operations.

Any requested information, such as measure distance, surface area, etc.
will be reported in the message window.

Also, internal commands can also be typed and invoked within the
message window.
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The Save commands will write all Message window contents to a file.
This file will be written to wherever ANSYS ICEMCFD was fired.

The Log toggle switch allows only user specified messages to be saved to
a file.

It is important to note that the Log file is unique from the file created with
the Save button. This file will be written to the starting directory, and it
interactively updates as more messages are recorded. Once the toggle is
turned OFF, you can continue to add to the file by turning the toggle back
ON and accepting the same file name (which is the default). It will then
continue to append this file.

2.5: The Histogram window

The Histogram window shows a bar graph representing the mesh quality.
The X axis represents element quality (usually normalized to between 0
and 1) and the Y axis represents the number of elements.

Other functions which utilize this space will become pop-up menus if the
quality or histogram is turned on.
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Geometry Creation

3: CFD Tutorials

3.1: Geometry Creation

3.1.1: 2D Pipe Junction

Overview

We are going to create geometry for a two-dimensional pipe
junction as shown in Figure3.1.

Figure3.1
2D Pipe Junction with OUTLET
Dimensions 16
&
R16

32

nm{ —

5

o L

a) Summary of steps
Geometry Menu

Creating the points using Explicit Coordinates
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Geometry Creation

Creating the points using Curve-Curve Intersection
Creating the curves using From Points
Creating the curves using Arc through 3 points
Segmentation of curve using Segment Curve
Deleting unused entities
Creating Material Point using Mid Point

File Menu
Saving the geometry

b) Generating the Geometry
Point Creation

Note: Settings > Selection >Auto pick mode should be turned OFF for ANSYS
ICEMCEFD to behave exactly as this tutorial describes.

Geometry >Create Point > Explicit Coordinates: Select the X¥£ (Explicit
coordinate) to open the Explicit Location window as shown in Figure 3.2.
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Figure 3.2
Point creation window Create Point @

Part [POINTS FlE
Name |POINTS.0

Bl 2]

— Explicit Locations

' ICrEﬂTE 1 point j

| %o
| vo
| 2o

| b
| |

Apply | (8]8 Dismiss I

As shown in Figure 3.2, Select Create 1 Point, and assign coordinates (0 0
0).Input the Part name POINTS, and the Name as POINTS.0 and press Apply to
create a point.

Switch ON the Geometry > Points in the left side Display Tree window. To
see the names of the points, use the right mouse button and select Points > Show
Point Names in the Display Tree window. Select Fit Window from the main
menu. Use the right mouse button to zoom out if needed. The created point name
would be shown as POINTS.O0.

Similarly create the other points by entering POINTS.1 in the name field and
specifying the coordinates as (32, 0, 0).
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Now enter the coordinates as shown below, and press Apply after each one.
You will see the names automatically change to the ones shown below:

POINTS.2 (0, 16, 0)
POINTS.3 (32,16, 0)
POINTS.4 (48, 32,0)
POINTS.5 (48, 64, 0)
POINTS.6 (64, 32,0)
POINTS.7 (64, 64, 0)
POINTS.8 (50, -5, 0)
POINTS.9 (54, -5,0)
POINTS.10 (16, 32, 0)
POINTS.11 (0, 32, 0)
POINTS.12 (50, 16, 0)
POINTS.13 (54, 16, 0)
Figure 3.3

Points created thus far

WASSITCEM CFD
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POINTS .5 GOINTS.7

POINTE.11 FOINTS.10 PFOINTS.4 GJZOINTS.6
FOINTS. 2 g OINTS. 3 FOINIBINE. 13
FOINTS .0 FOINIS. 1

POTRTERIES . 9

Press Dismiss to close the window. The Display window should now
show the points as seen in Figure 3.3.

Line Creation

Geometry > Create/Modify Curve > From Points: Select the From Points

!
-

option ¢ " to open the window as shown in Figure 3.4.
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Figure 3.4 : Create/Modi
From points window C:.IEIUEE; odify ?
Part |[CURVES - -

Name |CURVES.(

PeiC) §
8 POE
"

— From Points L |

Points 1 >3

Toleranca iﬂ.[l[ll

&

Apphy | (8] Dismiss |

To select Points, click on % (select point icon) and then select
POINTS.0 and POINTS.1 with the left mouse button. Press the middle
mouse button to accept the points. The point names will appear in the
selection window. Enter the Part as CURVES, and the Name as
CURVES.O. Press Apply to create the line.

Switch ON Geometry > Curves in the Display Tree if they are switched
off. To see the names of the curves, use the right mouse button and select
Curves > Show Curve Names in the Display Tree. Use the right mouse
button to zoom out if needed. The created line name would be shown as
CURVES.O
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Similarly, select the following points, pressing Apply each time. Without
changing the Name entry, by default the names of each new curve would
appear as shown on the left:

CURVES.1 from POINTS.0 and POINTS.2

CURVES.2 from POINTS.2 and POINTS.3

CURVES.3 from POINTS.4 and POINTS.5

CURVES.4 from POINTS.5 and POINTS.7

CURVES.5 from POINTS.6 and POINTS.7

CURVES.6 from POINTS.8 and POINTS.9

CURVES.7 from POINTS.8 and POINTS.12

CURVES.8 from POINTS.9 and POINTS.13

Press Dismiss to close the window.

Arc Creation

Geometry > Create/Modify Curves > Arc Through 3 points: Select the Arc

q 2

Through 3 Points option ™ to open the window as seen in Figure 3.5.
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Figure 3.5 i ]
Arc from 3 points window Create/Modify Curve =

Part [CURVES =
["4tame [CURVES.10

Y el 4
i

|*Am from 3 Points

Puointz E;'Q.

=

Apply | ] Dismizs |

To select Points click on w (select point icon), and select the points
POINTS.4, POINTS.3 and POINTS.10 with the left mouse button. Press
the middle mouse button to accept the point. Click on the drop down menu
next to the Part field to select an existing Part

Click on CURVES to select this Part in the window. Enter the Name as
CURVES.9 and press Apply to create the arc.

Similarly, make another arc named CURVES.10 out of points POINTS.6,
POINTS.1, and POINTS.11. Press Dismiss to close this window. The
geometry after creating the two arcs is shown in Figure 3.6.

Figure 3.6
Geometry after arc creation
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Geometry >Create Point > Curve-Curve Intersection: Selecting Curve-

X

Curve [

opens the window as shown in Figure 3.7. Select the Part

name POINTS. Select CURVES.10 and CURVES.7 with the left mouse
button. Press the middle mouse button to accept the selection. Give Gap

a Tolerance of 0.01 and enter the name of the

AASSIICEM CFD

last point created
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(POINTS.13) in the Name window and press Apply. This will create the
intersection point called POINTS.14. Repeat the procedure for curves
CURVES.10 and CURVES.8 and press Apply without changing the
name in the Name window to get the intersection point POINTS.15. Press
Dismiss to close the Create Point window.

Figure_ 3.7 Create Point

Selection

window of

Curve. Part [POINTS ~|
Curve Name [POINTS.13

Intersectio

n A g
EI XYZ & ’ ..""

N ‘x.~ \.., @

— Curve-Curve Intersection

(ap tolerance |EI_IJI
Curve(s) |CL_JFWES.1DCUFWES.? @

apply || ok | Dismiss |

Segmentation of Curves at existing points

Geometry > Create/Modify Curve > Segment curve: Select the Segment

luf-‘.
Curve option (H . In the dropdown, Segment by Point should be selected.
Select the curve selection icon @ and select CURVES.10 with the left

mouse button. Now select the point selection icon " and select
POINTS.1 with the left mouse button and then press the middle mouse
button to accept the point. Select the Part CURVES and enter the name as
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CURVES.10 so that the next curves will start with CURVES.11. After
pressing Apply, the CURVES.10 segments into two curves, CURVES.10
and CURVES.11.

Similarly segment CURVES.9 at POINTS.3 to get CURVES.9 and
CURVES.12. Segment CURVES.7 at POINTS.14 to get CURVES.7 and
CURVES.13. Segment CURVES.8 at POINTS.15 to get CURVES.8 and
CURVES.14. The geometry after segmenting the curve is shown in Figure
3.8.

Note: After segmenting two Curves at a particular Point the Curves name may be
different but user can refer to the Figure 3.8 and select the Curves to be deleted.

Figure 3.8
Geometry after curve segmentations
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OINTSOHRYES , 4

CUEVES . 3 CURVES .S

OINTS.11 OINTS. 10 POINTS. 4 POINTS.6

QURVES .12 V. RVES .9
v .13
RVES . 14
URVES. 11 YRS 16

CURVES .

Deletion of unused entities

Geometry > Delete Curves: Select X_ (Delete Curve) to open the Delete

Curve window. Select the curve selection icon a and select
CURVES.11, CURVES.12, CURVES.13 and CURVES.14. Press the
middle mouse button to complete the selection. Press Apply to delete
these curves.
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Geometry >Delete Points: Select the x (Delete Point) to open the

Delete Points window. Select the point selection icon W and select
POINTS.10, POINTS.11, POINTS.12 and POINTS.13. Press the middle
mouse button to complete selection, and press Apply to delete these
points.

c) Creating the Material point

yWhEPE
Geometry > Create Body > Material Point > Centroid of 2 points: =
Select the location selection icon ® and click close to POINTS.1 and
POINTS.3 with the left mouse button. Press the middle mouse button to
complete the selection. Give the Part name BODY, and press Apply to
create the material point. Switch on Bodies in the left side Display Tree
window to see the body. The Geometry after creating material point is
shown in Figure 3.9.

Figure 3.9
Final Geometry
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POINTEURVEFOINTS . 7

CURVES.3 [URVES.DS

POINTS.4 FOINTIS.6
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d) Saving Geometry

File > Geometry > Save Geometry As: Enter the file name as Geo_2DPipe.tin
and press Save to save the geometry file
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3.1.2: 3D Pipe Junction
Overview

We are going to create geometry for a three-dimensional pipe junction as
shown in Figure 3.10.

Figure 3.10
The 3D Pipe Junction geometry with dimensions
]
A=
/__.- ‘
-1
FTT
\hj:% \_3
LA I
“m_h\\ 100

Loy

a) Summary of steps

Create points, then curves from points
Create surfaces from curves

Curves from Surfaces-Surface Intersection
Segment surface with the intersection curve
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Delete unused segmented surfaces
Create material point

b) Generating the Geometry

Point Creation
Note: Settings > Selection >Auto pick mode should be turned OFF for
ICEM CFD to behave exactly as this tutorial describes.

#*
Geometry >Create Point> Explicit Coordinates: Select X¥£ to open the
Explicit Locations window. Type the Part name POINTS, and the Name
as POINTS.0, and enter the co-ordinates (0 0 0). Press Apply to create
the point.

Switch on the Geometry > Points in the left side Display Tree window. To
see the names of the points, use the right mouse button and select Points
> Show Point names in the Display Tree window. Select Fit Window
from the main menu. Use the right mouse button to zoom out if needed.
The created point name will be shown as POINTS.O0.

Similarly, enter coordinates as (0,0,50) and enter the name as POINTS.1
next to Name. Press Apply.

Now, create the rest of the points listed below by just entering the
locations. The names continue on from POINTS.1, so they will
automatically change as shown below:

POINTS.2 (0,0, -50)

POINTS.3 (0, 50, 0)

POINTS.4 (150, 0, 0)

POINTS.S (150, 0, 50)

POINTS.6 (150, 0, -50)

POINTS.7 (150, 50, 0)

POINTS.8 (150, 0, 20)

POINTS.9 (150, 0, -20)

POINTS.10 (130, 0, 0)
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POINTS.11 (150, 100, 20)
POINTS.12 (150, 100, -20)
POINTS.13 (130, 100, 0)

Press Dismiss to close the Explicit Location window. The points should
appear as shown in Figure 3.11 when oriented in the Isometric view.

Figure 3.11
Points created
POINTS. 3
POINTS. 2
FOINTS . 13 0INTS. 12
FOINTS. 0
FOINTS. 11
FPOTEITS . 1
DOTHTS .7

FOINIS. 6

POINTS. 10 POINTS. 9
POINTS . 4

FUINTE. 6

FOINTS.S

Arc Creation
g g

Geometry > Create/Modify Curve > Arc through 3 points: Select
(Arc Through 3 Points) to open window, then select the location selection
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icon W and select points POINTS.1, POINTS.3 and POINTS.2 with the
left mouse button. By default the Part name is CURVES. Enter the
Name as CURVES.O. Press Apply to create the arc.

Switch ON the Curves in the left side Display Tree window. To see the
names of the curves, use the right mouse button and select Curves >
Show Curve names in the Display Tree window. The newly created
curves name will display as CURVES.O0.

Similarly, select POINTS.5, POINTS.7 and POINTS.6 and enter the name
as CURVES.1. Press Apply to create the arc.

Now, make two more arcs by just selecting the points as specified below
and pressing Apply each time. The curve names will be generated as
shown below:

CURVES.2: POINTS.8, POINTS.10 and POINTS.9
CURVES.3: POINTS.11, POINTS.13 and POINTS.12

Press Dismiss to close the window.

Line Creation

J
-

Geometry > Create/Modify Curves > From Points: Select / g (From

Points). Press the location selection icon w , select the Points POINTS.1
and POINTS.2 with the left mouse button, and press the middle mouse
button to complete the selection. Enter the Part name CURVES and
Name CURVES .4. Press Apply to create the line.

Similarly, create six more lines using the points listed below for
each curve. The curve names will adjust consecutively for each
curve:
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CURVES.5: POINTS.1 and POINTS.5
CURVES.6: POINTS.2 and POINTS.6
CURVES.7: POINTS.5 and POINTS.6
CURVES.8: POINTS.8 and POINTS.11
CURVES.9: POINTS.9 and POINTS.12
CURVES.10: POINTS.11 and POINTS.12

Press Dismiss to close the window. The Geometry after curve creation is
shown in Figure 3.12. Switch OFF the Points in the Display Tree window
to avoid clutter on the screen.

Figure 3.12
Geometry after line creation
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Surface Creation

Geometry >Create/Modify Surface > From curves: Select a‘a‘ (From
Curves) icon to open the window shown in Figure 3.13.

Figure 3.13 Create/Modity ?
Surface creation from curve Surface
Part [CvL1 ]| &
Name |CYL1.0

VLY
g IMHHH
Qdes B

- Select Curves — ‘

Surface from curves F_ @

Tolerance (200

hid

Apply | Ok, Dismizs |

Press the curve selection icon @ and select the curves CURVES.O and
CURVES.1 with the left mouse button. Press the middle mouse button to
complete the selection. The distance between these two curves that the
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surface must cross is 150, so enter a Tolerance bigger that than, such as
200. Enter the Part name CYL1 and Name CYLI1.1. Press Apply to
create the surface.

Note: Pressing the right mouse button while in selection mode will cancel each
previous selection.

Switch ON the surfaces from the left side Display Tree window. To see
the names of the surfaces, using the right mouse button, select Surface >
Show Surface names in the Display Tree window. Use the right mouse
button to zoom out if needed. The newly created surface name would
display as CYLI.1.

Similarly, create the other surfaces as follows, entering the part names and
names each time:

PART NAME SELECTED
CURVES

INL INL.1 CURVES.O0,
CURVES .4

CYL2 CYL2.1 CURVES.2,
CURVES.3

ouT OUT.1 CURVES.3,
CURVES.10

SYM SYM.1 CURVES 4,
CURVES.7

SYM SYM.2 CURVES.1,
CURVES.7

Press Dismiss to close the window. The Geometry after surface creation is
shown in Figure 3.14. Switch OFF the Curves from the Display Tree
window to avoid clutter on the screen.

Figure 3.14
Geometry after Surface creation
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INL .1
CYL1.1 OUT-1
NV 241
SYM. 1 -

B2

Surface-Surface Intersection

Geometry >Create/Modify Curves > Surface-Surface Intersection: Select

ﬁ (Surface-Surface Intersection. Press the surface selection icon '@'
to select Setl surfaces as CYL1.1 and Set2 surfaces as CYL2.1 with the
left mouse button, pressing the middle mouse button to complete the
selection each time. Press Apply to create the intersection curve.

Segmentation of Surface

v
Geometry > Create/Modify Surface > Segment/Trim surface: Select
(Segment/Trim Surface), and choose the Method by Curves, which is the

default. Press the surface selection icon ﬁ and select the surface
CYLL1.1 using the left mouse button and press the middle mouse button to

100
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complete the selection. Press the curve selection icon @ and using the
left mouse button, select the intersection curve that was created in the
previous step. Press the middle mouse button to complete the selection.
Press Apply to segment the surface CYLI1.1 into two parts. Similarly,
segment the surface CYL2.1 with the same intersection curve. If the two
previous curves have been split into two, then select both curves.

Deleting unused entities

Geometry > Delete Surface: Select g (Delete Surface) to open the
Delete Surface window, Select the surface CYL1.1 and CYL2.1.cut.0
with the left mouse button. Press the middle mouse button to complete the
selection and press Apply to delete these surfaces.

Note: The curves and points will need to be deleted, so the next step,
which is “build topology,” will not segment the surfaces where the curves
span them.

Geometry > Delete Curve: Select the X (Delete Curve) to open the
Delete Curves window. Check ON Delete permanently. Press “a” on the
keyboard to select all curves, and press Apply to delete.

Geometry > Delete Point: Select the x (Delete Point) to open the
Delete Point window. Check ON Delete permanently. Press “a” on the
keyboard to select all points, and press Apply to delete them.

Build topology

Geometry > Repair Geometry E > Build Diagnostic Topology: Select
|
@ (Build Diagnostic Topology) from the Geometry tab. This will

extract all the curves from the surfaces, and the points from the curves.
But the new curves will only span the boundary of the new surfaces after
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segmenting and deleting. The tolerance should be 0.1, and Filter points
and Filter curves should be turned off. Press Apply.

Surface creation

First, make sure Curves are ON in the Display Tree.

LI P
Geometry > Create/Modify Surface > From curves: Select :g’ (From
Curves) to open the Create/Modify Surface window. Select the curves
shown in Figure 3.15 below with the left mouse button and press the
middle mouse button to complete the selection. Make sure the Part name
is SYM and the Name is SYM.3. Press Apply to create the surface.

Press Dismiss to close the window.

Figure 3.15
Curves for surface
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Select these curves

el

c) Creating the Material point

Geometry > Create Body >Material Point >Centroid of 2 points:
e

Select « (Create Body). Type BODY for the new Part name. Select
any two locations on any surfaces, curves or points so that the midpoint
will be within the pipe junction. Press the middle mouse button to accept,
then press Apply. Switch ON Bodies in the Display Tree to see the
material point. The final geometry is shown in Figure 3.16.

Figure 3.16
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Final Geometry

d) Saving Geometry

File > Geometry > Save Geometry As: Enter the file name as
Geo 3DPipe.tin and press Save to save the geometry.
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3.1.3: Sphere Cube

Overview
We will create geometry for a sphere cube as shown in Figure 3.17.

Figure 3.17
The sphere cube with dimensions

a) Summary of steps

Create Cube by Standard Shapes

Create Hemisphere (Surface of Revolution)
Create points at Parameter along curve

Create arcs to use to create the symmetry surfaces
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b) Generating the Geometry

Note: Settings >Selection>Auto pick mode should be turned OFF for
ICEM CFD to behave exactly as this tutorial describes.

Point Creation

Geometry >Create Point> Explicit Coordinates: Select ¥¥£ (Explicit
Coordinates) to open the Explicit Location window, Give the Part name
POINTS, and the Name POINTS.0. Enter the co-ordinates (5, -10, 0),
and press Apply to create the point.

Switch on the Points in the Display Tree window. To see the names of the
points, use the right mouse button to select Points > Show Point names in

the Display Tree window. Select Fit Window ECJ from the main menu.
Use the right mouse button to zoom out if needed. The newly created point
name would be displayed as POINTS.0.

Similarly, enter the coordinate as (-10,5,0) and enter the name as
POINTS.1. Then press Apply. Then create 2 more additional points at the
following locations. The names will automatically adjust as shown below:
POINTS.10 (20,5, 0)
POINTS.11 (5, 20, 0)

Press Dismiss to close the window. The Geometry after point creation is
shown in Figure 3.18 in Isometric view.

Figure 3.18
Points created so far
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FOINTS ., 3
FOINTS. 1

POINLS. 2
POINTS .0

Arc Creation

i)
Geometry > Create/Modify Curve > Arc through 3 points: Select A
(Arc Through 3 Points) to open the Arc from 3 Points window. Then
select POINTS.1, POINTS.0 and POINTS.2 with the left mouse button,
and press the middle mouse button to complete selection. Enter the Part

as CURVES and Name as CURVES.O. Press Apply to create the arc.

Similarly, create another arc called CURVES.1 from points POINTS.1,
POINTS.3, and POINTS.2. Press Dismiss to close the window.

Note: Turn on Curves in the Display tree to see the curves.

Cube Creation

Geometry > Create/Modify Surface > Standard Shapes: Select "“
(Standard Shapes) to open the Create Std Geometry window and choose

the Box about a Point icon . . Change the Part name to CUBE, and
the Name to CUBE.1. Enter the XYZ size as “10 10 5”. These values will
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be in X, Y and Z directions as 10, 10 and 5 respectively. Type “0 0 0” for
the Box Origin coordinates. Press Apply to create the cube. The
geometry so far should look as in Figure 3.19.
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Hemisphere Creation

Note: Turn ON Geometry > Curves > Show Curve Names in the Display
Tree, to see which curve to select in this step.

Geometry > Create/Modify Surface> Surface of Revolution: Select 9
(Surface of Revolution) to open the window shown in Figure 3.20. Change
the Part to SPHERE, Name to SPHERE.1. Enter the Start angle 0 and the
End angle as 180. Select Axis Points as POINTS.1 and POINTS.2. Select
curves as CURVES.O and press Apply to create the hemisphere.
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Figure z

3.20: Create/Modify o]
Surface of ~ Surface 5
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window Part |SPHERE Eis
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Curves lw @

£

Apply | oK Dismiss |

Switch ON the Surfaces in the Display Tree window. To see the names of
the surfaces, select Surfaces > Show Surface Names in the Display Tree
window using the right mouse button. The geometry should resemble
Figure 3.21 with the Points and Curves OFF.

Figure 3.21
Geometry after revolution
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Point Creation

Sex
Geometry >Create Point> Parameter along a Curve: Select
(Parameter along a curve) to open the window as seen in Figure 3.22. For
a clearer view, the user can turn OFF Surfaces in the Display Tree, and
make sure that Curves and Points are ON.
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Figure 3.22: Point Parameter Crette Point @
on curve window
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Enter the Part as POINTS. And enter the Name as POINTS.4. Then
select the curve, CURVES.O. Enter Curve Parameter 0.25 and press Apply
to create POINTS.4. Then change the parameter to 0.75, and press Apply
again to create POINTS.5.

Next, select the curve, CURVE.1. You will need to turn off the part
SPHERE in the Display Tree to be able to select CURVE.1. Also turn
OFF Points > Show Point Names in the Display Tree to be able to see the
curve names better. With the parameter left at 0.75, press Apply to create
POINTS.6. Then change the parameter to 0.25, and press Apply again to
create POINTS.7.
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Press Dismiss to close the selection window.

Geometry > Delete Curve: Select X (Delete Curves), and toggle ON
Delete permanently. Select the curves, CURVES.0 and CURVES.1, and

press Apply.

Arc Creation

il

Geometry > Create/Modify Curve > Arc through 3 points: Select
(Arc through 3 Points) to open the Arc from 3 Points window. Make sure
Point Names are being displayed by right clicking in the Display Tree on
Points > Show Point Names. Select the points, POINTS.5, POINTS.2,
and POINTS.6. Enter the Part as CURVES and the Name as
CURVES.O. Press Apply to create the arc.

Similarly create three other arcs by using the following points:
CURVES.1: POINTS.6, POINTS.3 and POINTS.7
CURVES.2: POINTS.7, POINTS.1 and POINTS.4
CURVES.3: POINTS.4, POINTS.0 and POINTS.5

Press Dismiss to close the window.

Surface Creation

Geometry >Create/Modify Surface > From curves: Select ﬁ (From
Curves) to open the Select Curves window. Turn OFF the Points
(Geometry) for a better view. Also turn OFF the curve names for a better
view: Curves > Show Curve Names. Select the two curves shown in
Figure 3.23 with the left mouse button, and press the middle mouse button
to complete the selection. Assign the Part as SYM and Name as SYM.1.
Enter a tolerance greater than the gap that the surface must jump across.
10 will work fine here. Press Apply to create the surface.
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Press Dismiss to close the window.

Figure 3.23 Curves for Surface

Select these )
. curves >

Similarly, create the other three surfaces around the cube. The result is
shown in Figure 3.24:

Figure 3.24
Symmetry Surfaces
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c) Deleting unused entities

Geometry > Delete Surface: Select ﬂ (Delete Surface) to open the
Delete Surface window. Select the surface shown in Figure 3.25 with the
left mouse button. If there is too much clutter, the user can switch OFF
all other Parts except CUBE. Press the middle mouse button to complete
the selection, and press Apply to delete the surface.

Figure 3.25 Surface to delete
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Delete this surface

d) Creating the material point
Geometry > Create Body >Material Point >Centroid of 2 Point: Select
.

(Create Body) and assign the name BODY to a new Part. Select one
of the corners of the CUBE that do not lie inside the flat plane of the SYM
surfaces. Select the second point on the surface of the sphere. Then press
Apply. Switch ON Bodies in the Display Tree window to see the material
point. It should appear inside the hemisphere of the SPHERE surface but
outside of the CUBE. The final geometry is shown in Figure 3.26

Figure 3.26 Final Geometry
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e) Saving Geometry

File > Geometry > Save Geometry As: Enter the file name
Geo_SphereCube.tin and press Save to save the geometry.
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3.1.4: Pipe Blade

Overview
We are going to create the geometry for a pipe blade as shown in Figure
3.27.

Figure 3.27 : The Pipe Blade with dimensions

a) Summary of steps

Geometry Menu

Create points

Create arcs for the blade

Create Cylinder from Standard Shapes

Create surfaces for the blade and inlets and outlets.

Intersect surfaces, and trim surfaces by those intersection curves.

b) Generating the Geometry

Note: Settings >Selection > Auto pick mode should be turned OFF for
ICEM CFD to behave exactly as this tutorial describes.

Point Creation
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Geometry >Create Point> Explicit Coordinates: Select A¥£ (Explicit
Coordinates) to open the window. Assign the Part name POINTS, and the
Name POINTS.0. Enter the co-ordinates (0, 2, 8), and press Apply to
create the point.

Switch on the Points in the Display Tree window. To see the names of the
points, use the right mouse button and select Points > Show Point names

in the Display Tree window. Select Fit Window [El from main menu. Use
the right mouse button to zoom out if needed. The newly created point
name would be displayed as POINTS.0.

Similarly, create another point by entering the coordinate (0,2,12) and the
Name as POINTS.1 and press Apply. Enter the following coordinates,
pressing Apply each time, and the names will automatically adjust to the
names shown below:

POINTS.2 (0.3,2, 10)
POINTS.3 (-0.3, 2, 10)
POINTS.4 (0, -2, 8)
POINTS.5 (0, -2, 12)
POINTS.6 (0.3, -2, 10)
POINTS.7 (-0.3, -2, 10)

Press Dismiss to close the window. The points should appear as shown in
Figure 3.28 when viewed in the Isometric view:

Figure 3.28 Created Points
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POINTS.0

POINTS . 3
g OINIS . 2

FOINTS. 1
FOINTS. 4

Arc Creation

Geometry > Create/Modify Curve > Arc through 3 points: Select
(Arc Through 3 Points) to the window. Enter the Part CURVES and the
name as CURVES.0. Select POINTS.0, POINTS.2 and POINTS.1. Press

Apply to create the arc.

Switch on the Curves in the Display Tree window. To see the names of
the curves, right mouse click on Curves > Show Curve Names in the
Display Tree window. The newly created curve name would be displayed
as CURVES.O.

Similarly, create several more arcs using the following points. The curve
names will automatically follow the first curve name to adjust to the
names seen below:

CURVES.1: POINTS.0, POINTS.3 and POINTS.1
CURVES.2: POINTS.4, POINTS.6 and POINTS.5
CURVES.3: POINTS.4, POINTS.7 and POINTS.5

ANSYSHOEMOER-10-0
Tutorial Manual

57

WASSITCEM CFD



Geometry Creation

Press Dismiss to close the window. To reduce clutter on the screen switch
off the Points from the Display Tree window.

The geometry after arc creation creation is shown in Figure 3.29

Figure 3.29 Geometry After Arc Creation
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Cylinder Creation

Geometry > Create/Modify Surface > Standard Shapes “>
Cylinder: Select . (Cylinder) to open the Create Std Geometry
window as shown in Figure 3.30. Enter the Part name CYL and Name
CYL.1. Enter a Radius of 2. Next to the Two axis Points, enter “{0 0 0}
{0 020}”. Press Apply to create the cylinder.

Press Dismiss to close the window.
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Figure 3.30 Cylinder Creation Create /Modify ?
Surface
Part |CvL =
Name [CvL1

WY
g IMEA%
Qies

— Create 5td Geometry ————————
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3 Y

Radius IE
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Surface Creation

Geometry >Create/Modify Surface > From curves: Select vﬂz (From
Curves). Enter the Part name as BLADE and the Name as BLADE.1.
Enter the tolerance as a number larger than the distance the surface must
cross. Use 5 here. Select CURVES.O and CURVES.2 with the left mouse
button. Press the middle mouse button to complete selection, and press
Apply to create the surface.

T— . ADESSESTCENCEDRH0-0
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Similarly, create the other blade surface by selecting CURVES.1 and
CURVES.3.

To create the OUTLET surface, enter OUTLET for the Part name and
OUTLET.1 for the Name. Select the two curves shown in Figure 3.31:

Figure 3.31 Surface
Creation Select these 2 curves

Create the INLET surface on the other side by selecting the two half
circles on the other side. Assign the Part name INLET, and the Name
INLET.1.

Switch ON the Surfaces in the Display Tree window. To see the names of
the surfaces, use the right mouse button and select Surface > Show
Surface Names in the Display Tree window. The geometry after surface
creation is shown in Figure 3.32.

Press Dismiss to close the window.
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Figure 3.32 Geometry After Surface Creation

Surface-Surface Intersection
Geometry >Create/Modify Curve > Surfaces-Surface Intersection:

Select é (Surface-Surface Intersection), and choose the B-spline
option. Select the two surfaces shown in Figure 3.33 Select the blade
surface for Setl Surfaces and the cylinder surface for Set2 Surfaces,
pressing the middle mouse button each time. Press Apply. Repeat this for
the other side of the blade.

Figure 3.33 First intersection curve
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Selecl the blade
surface first

cvlinder surface /

Build topology

Geometry > Repair Geometry B> Build Diagnostic Topology: Select

.*

E (Build Diagnostic Topology) from the geometry tab. This will
extract all the curves from the surfaces, and the points from the curves,
and delete any duplicates. It will also automatically segment the surfaces
by the previously created intersection curves. Set the tolerance to 0.002,
and Filter points and Filter curves should be turned off. Press Apply.

Deleting unused entities

Geometry > Delete Surface: Select ﬂ’ (Delete Surface) icon. Delete the
surfaces shown in Figure 3.34. Repeat this for the other side of the tube.

Figure 3.34 Surfaces to delete
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Delete these surfaces

Build topology

Geometry > Repair Geometry E‘> Build Diagnostic Topology: Select

.4

Q (Build Diagnostic Topology) from the geometry tab. Build topology
once more, but this time turn ON Filter points and Filter curves. Use a
tolerance of 0.002.

c) Creating the material point
Geometry > Create Body > Material Point >Centroid of 2 points:

{PE
Select = (Create Body) to open the window. Enter a new Part name
of FLUID and select one location on the blade and one location on the
INLET or OUTLET so that the midpoint will be inside the tube but
outside the blade. Press the middle mouse button to complete the
selection process. Press Apply to create the material point. The final
geometry is as shown in Figure 3.35.

Figure 3.35 Final Geometry
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d) Saving geometry

File > Geometry >Save Geometry As: Enter the file name as
Geo_PipeBlade.tin and press Save to save the geometry file.
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3.2: Hexa Meshing

ANSYS ICEMCEFD is a 3-D object-based, semi-automatic, multi-block
structured and unstructured, surface and volume mesher.

Figure 3.36

This mesh for the
Mercedes SLK
(model courtesy
of Daimler-
Chrysler) was
generated with
ICEM CFD Hexa
combining the
exterior and
cabin flow

3.2.1: Introduction

ANSYS ICEMCFD Blocking represents a new approach to
hexahedral mesh generation. The block topology model is
generated directly upon the underlying CAD geometry.
Within an easy-to-use interface, those operations most often
performed by experts are readily accessible through
automated features.

Recognized as the fastest hexahedral mesh generation tool in
the market, ANSYS ICEMCEFD allows users to generate
high-quality meshes for aerospace, automotive, computer
and chemical industry applications in a fraction of the time
required for traditional tools.

The user has access to two categories of entities during the
mesh generation process in ANSYS ICEMCFD: block
topology and geometry. After interactively creating a 3-D
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block topology model equivalent to the geometry, the block
topology may be further refined through the splitting of
edges, faces and blocks. In addition, there are tools for
moving the block vertices individually or in groups onto
associated curves or CAD surfaces. The user may also
associate specific block edges with important CAD curves to
capture important geometric features in the mesh.

For symmetric models, topology transformations such as
translate, rotate, mirror and scaling are available. The
simplified block topology concept allows rapid generation
and manipulation of the block structure and, ultimately,
rapid generation of the hexahedral mesh.

ANSYS ICEMCFD Blocking provides a projection-based
mesh generation environment where, by default, all block
faces between different materials are projected to the closest
CAD surfaces. Block faces within the same material may
also be associated to specific CAD surfaces to allow for
definition of internal walls. In general, there is no need to
perform any individual face associations to underlying CAD
geometry, greatly reducing time for mesh generation.

a) Features of ANSYS ICEMCFD Blocking

O-grids:  For complex geometry, ANSYS ICEMCFD
Blocking automatically generates body-fitted internal and
external O-grids for creating good quality meshes.

Edge-Meshing Parameters: Hexa’s edge-meshing parameters
offer unlimited flexibility in applying user specified
bunching requirements.

Mesh Quality Checking: With a set of tools for mesh quality
checking, cells with undesirable skewness or angles may be
displayed to highlight the block topology region where the
individual blocks need to be adjusted.

Mesh Refinement/Coarsening: Refinement or coarsening of
the mesh may be specified for any block region to allow a
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finer or coarser mesh definition in areas of high or low
gradients, respectively.

Replay Option: Replay file functionality enables parametric
block topology generation linked to parametric changes in
geometry.

Symmetry: Can be used in analyzing rotating machinery
applications. For example, Hexa allows the user to take
advantage of symmetry in meshing a section of the rotating
machinery thereby minimizing the model size.

Link Shape: This allows the user to link the edge shape to an
existing deforming edge. This gives better control over the
grid specifically in the case of parametric studies.

Adjustability: Options to generate 3-D surface meshes from
the 3-D volume mesh and 2-D to 3-D block topology
transformation.

2D Surface Meshing: Automatic 2D blocks creation for
mapped surface meshing.

b) Mesh Generation with Blocking — Overall Process

First, create or import geometry using any of the direct,
indirect or facetted data interfaces.

Interactively split blocks, discard unused blocks to capture
underlying shape: “top down” approach else create blocks
and extrude blocks: “bottom up” approach. Blocks are at
first created “independently” of the geometry.

Associate edges to curves to capture hard features. Move
vertices to position block corners on geometry.

Assign mesh sizes such as maximum element size, initial
element height and expansion ratio to surfaces and/or curves.
Assign edge meshing parameters for better control of node
distributions.
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Automatically generate mesh. Boundary nodes will project
on to geometry, volumes are interpolated. Check mesh
quality to ensure that specified mesh quality criteria are met.

Write Output files to the desired solvers.

If necessary, the user may always return to previous steps to
manipulate the blocking if the mesh does not meet the
desired quality or if the mesh does not capture certain
geometry features. The blocking may be saved at any time,
thus allowing the user to return to previous block topologies.

At any point in this process, the user can generate the mesh
with various projection schemes such as full face projection,
edge projection, point projection or no projection at all.

In the case of no projection, the mesh will be generated on
the faces of the block model and may be used to quickly
determine if the current blocking strategy is adequate or if it
must be modified.

Afterwards, a block file can be used as a template for similar
geometries, such as parametric design changes. Necessary
alterations can either be done manually, automatically
update projection or running a replay script; depending on
the nature of the change.

c) The Blocking Database

The blocking database (block file) will have an extension of
* blk. It contains all the information necessary for defining
and computing the block structured mesh including block
definitions, part associations, and mesh size parameters.
Block definitions include the following block topology

types:
Vertices
Edges
Faces

Blocks
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All of the block entities are defined by I, J, K index.

d) Unstructured and Multi-block Structured Meshes

The computed mesh stored internally within Blocking is
termed “Pre-Mesh.” Pre-Mesh is then converted to either
multi-block or unstructured files for eventual output to the
solvers.

Unstructured Mesh Output

The unstructured mesh output option will produce a single
mesh output file (*.uns) where all common nodes on the
block interfaces are merged, independent of the number of
blocks in the model. Unstructured elements are defined by
node number definition.

Multi-Block Structured Mesh Output

The multi-block structured mesh output option will produce
a mesh output file for every block in the topology model.
For example, if the block model has 55 blocks, there will be
55 output files created in the output directory. Elements are
defined by 1, J, K indices rather than node numbers.

The number of blocks upon output can be reduced by an
automatic internal merge of blocks (Output Blocks).

e) Main Blocking Functions

Here are some of the most often used functions within the Blocking menu:

Initialize block

This is under Blocking > Create Block. First, a block is
defined that encompasses the entire or selected portions of
the geometry. This block is associated to a part (SOLID is
the default part name). This volume part should be different
than any part containing geometry. This initial block is then
modified by splitting, discarding unused blocks, and creating
O-grids.
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Split

This option is under Blocking > Split Block. The most common way of
“creating” blocks is to split existing blocks. The Split function, which
divides the selected block interactively, may propagate across all visible
blocks, selected blocks or selected faces. An edge is selected and the split
(new) edges will propagate perpendicular to the selected edge. Blocks
may be visually blanked/unblanked by using the Index control which
toggles the blocks in I, J, K or radial (if o-grids exist) directions. Any new
split will create a new I, J, K or radial (if splitting an o-grid) index.

O-grid Creation

Subdivides selected blocks into a configuration of one central block
surrounded by radial blocks. Accessed through Blocking > Split Block >
O-grid Block. Recommended for cylindrical type geometries to avoid bad
internal angles at block corners.

Figure 3.37 The initial block
OGrid Block € 4
! f
4 1
. et
The initial block with an O grid The initial block with an O grid to

include a face
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Adding faces will create an O-grid that “passes through” the
selected block faces creating a “C-grid” configuration.
(Figure 3.37) shows the result of adding a face on the left
side of the block.

O-grids can be scaled before or after O-grid creation. The
scale factor (Offset) is the ratio of the radial edge to the
shortest edge of the initial block. The larger the factor, the
longer the radial edge and the smaller the central block.

Associate

The next step is to associate block entities to geometric entities. Most of
the time, this means associate edges to curves. This will make sure hard
features are captured. Other options are to associate vertices to points to
capture sharp corners and faces to surfaces if the default face projection,
where nodes are projected to the nearest point in the normal direction to
the nearest surface, fails to give proper results.

Move vertices

Vertices are typically moved on to the geometry. Computation will
automatically move vertex nodes to the nearest point in the normal
direction on the geometry. It’s always best to manually position the node
on to the geometry rather than leave it up to the default projection.
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Color Coding

All vertices and edges are color coded depending on their constraint to the
geometry. Vertex movement depends on this constraint:

White Edges and Vertices: These edges are either on the boundary or
between two material volumes. The edge and the associated vertices will
be projected to the closest CAD during pre-mesh computation. White
vertices can only be moved on active surfaces.

Blue (Cyan) Edges and Vertices: Internal, between blocks of the same
volume. Blue vertices can be moved by selecting the edge just before it
and can be dragged along that edge direction.

Green Edges and Vertices: Associated to curves. The vertices can only be
moved on the curves to which they have been projected.

Red Vertices: Vertices projected to prescribed points. They are fixed and
cannot be moved unless projection type is changed.

All vertices can also be constrained by fixing x, y and or z coordinates.
When thus constrained, the vertex movement ignores the above color
coded geometric constraints.

Set Pre-Mesh Parameters

Mesh sizes (parameters) can be set globally, or on the surfaces, curves or
parts. These operations constitute the first four icons in the Mesh menu.
These sizes then have to be applied to the blocking: Pre-Mesh Params >
Update Sizes. Selecting Pre-Mesh in the Display Tree will then prompt
the user to (re)compute the pre-mesh.

The user may also fine-tune the node distributions within Pre-Mesh
Params > Edge Params. The Number of nodes, initial and final node
spacing, expansion ratios and mathematical meshing laws can be
prescribed on individual edges. These distributions can be copied to
opposing parallel edges down and upstream of the selected edge.

Pre-Mesh Quality

Before converting the pre-mesh to unstructured or multi-block, the quality
should be checked. Blocking > Pre-Mesh Quality will create a histogram
(bar graph) of element quality in the same manner as for Edit Mesh >
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Quality described in Section 2.6 (Histogram Window). Different criteria
such as determinant, angle and warpage can be checked and displayed.

Delete Blocks

One of the main functions in the “top down” approach. After splitting
blocks, some may need to be discarded by Blocking > Delete Block. By
default, these “deleted” blocks are actually moved to the VORFN part.

Vorfn Blocks

The VORFN part is a default part that is automatically created when
blocking is first initialized. The initial block will actually consist of 27
blocks, a 3x3x3 arrangement in I, J, K index directions. Since VORFN is
turned off by default, only the central block will be displayed and
activated within the designated part.

If Delete permanently within Delete Blocks is turned on, selected blocks
will be removed, not just moved to the VORFN. The VORFN blocks will
then be reconfigured in a radial (o-grid) manner instead of the initial
Cartesian arrangement.

Other Functions

Besides the main functions listed above, many other tools are available for
building and fine-tuning the blocking topology:

Create blocks

Besides initializing, Create Block allows the user to build blocks by
selecting existing vertices and/or screen locations. Blocks can also be
built by extruding from existing block faces.

Besides regular hex blocks, degenerate (wedge) blocks, unstructured and
swept blocks can be created. Swept blocks (3D) and unstructured blocks
(2D) will allow you to have a different number of nodes across opposing
edges.

Merge vertices
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Vertices can be merged to create degenerate blocks. If “propagate merge”
is turned on, all vertices up and downstream of those selected will also be
merged, essentially removing the split.

Edit block
Various block editing commands including merge blocks, re-scale o-grids,
etc.

Move Vertices
Besides manually moving vertices on the geometry, other options allow
you to align vertices and to set coordinate locations of vertices.

Transform Blocks

Copy or move blocks either by translation, rotation, mirror or scale.
Allows the user to build blocking on one portion of the model and copy
and move to capture other portions that are topologically similar.

Edit Edge

Allows the user to “shape” the edges, either by manually splitting the edge
or linking the edge shape with that of another edge. This gives the user
better control of the flow of the mesh which can fix projection, skewness
or other quality issues.

Pre-Mesh Smooth
Smoothing algorithms are available to automatically improve mesh quality
before it is converted to either unstructured or multi-block mesh.

Block Checks

Check/fix is used to try and automatically fix the database if any serious
errors arise. Also, left-handed (inverted) blocks can be automatically
detected and fixed.

Visibility Controls
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Most of the visibility controls, such as toggling objects on/off and right
mouse clicking for display options, are discussed in the Introduction. The
same applies for the Blocking tree and its sub-categories.

Once a blocking is initialized or a block file is loaded (File > Blocking >
Open Blocking...) a new category, Blocking, is created in the model tree.
Sub-categories within blocking are:

Subsets

Vertices

Edges

Faces

Blocks

Topology

Pre-Mesh

Edges are turned on by default. Most of the time, edges are the only type
that needs to be displayed in order to perform the majority of the
functions. A crosshairs representing the vertices (block corners) will also
be displayed. Vertices are only necessary to display when certain
information is desired.

Turning on Pre-Mesh will display the surface mesh. The user will be
asked to compute the mesh if any changes have been made since the
previous calculation.

Projection Options

One of the Pre-Mesh display options is projection type:

No Projection: Will simply interpolate all nodes without projecting to
geometry. Useful if a quick mesh preview is desired, for example to
visually check distribution patterns.

Project Vertices: Will project vertex nodes onto geometry. All other
nodes are interpolated.

Project Edges: Will project all nodes along edges. All interior face nodes
are interpolated. Required for final output of 2D planar grids.

Project Face: The default setting. Projects all boundary nodes, including
those in the face interior. Only internal volumetric nodes are interpolated.
Required for final output of 3D volumetric grids.
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Scan Planes

Another display option within Pre-Mesh. With this function, the user can
visualize the interior volume mesh by “scanning” or scrolling a logical (I,
J, K) index plane through the model.

Note: The scan plane control displays I, J, K index dimensions as 0, 1, 2
respectively. O-grid index dimensions begin with 3. Additional o-grids
will have an index of 4, 5, etc.

Blanking

This display option under the Blocking Display Tree simply blanks or
turns off selected blocks to reduce screen clutter or if one wants to focus
on a smaller set of blocks.

Index Control

As a display option within the Blocking Display tree, this turns blocks on
and off by toggling up and down one or more of the I, J, K or radial (o-
grid) indices. The index control menu will appear in the lower right hand
corner of the screen in the same area where the quality histogram is
displayed. Ifthe histogram is turned on, it will take precedence and the
index control will be displayed as a pop-up menu.
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3.2.2: 2D Pipe Junction
Overview

In this first tutorial example, the user will generate a mesh for a two-
dimensional pipe junction, composed of two Inlets and one Outlet. After
generating an initial mesh, the user will check the quality of the Mesh, and
refine it for a Navier-Stokes solution.

/
—1

The Blocking Strategy

a) Summary of Steps

Starting the Project
Splitting the Blocking Material
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Creating Composite Curves

Projecting the Edges to curves

Moving the Vertices

Generating the Mesh

Refining the Mesh with Edge Meshing

Saving the Blocking and Mesh before Quitting

b) The Blocking Strategy

The first step in generating a Mesh with Blocking is to
decide on a blocking strategy.

Note: The geometry is equivalent to a “T” (Figure 3.38). The right side of the
blocking crossbar needs only to be bent upward to resemble the geometry.

Figure 3.38
The mesh
and its
topology

Fitting the “T”-shaped Blocking Material to the geometry is
accomplished by creating Associations between the Edges of
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the Blocks and the Curves in the geometry, and then moving
the Vertices of the Blocks onto the corners of the geometry.

Once this is done, mesh sizes are set and the mesh is
computed. The program will automatically project the edge
nodes onto the curves of the geometry and the internal 2D
volume mesh will be interpolated.

c) Starting the Project

From a UNIX or DOS window, start ANSYS ICEMCFD.
Select File > Change working directory and browse to the
$SICEM_ACN/../docu/CFDHelp/CFD_Tutorial _Files>2DPip
eJunction directory. Select File > Geometry > Open and
select the tetin file, geometry.tin.

For this tutorial, the geometry and part information has
already been pre-defined for the user.

Turn on Curves in the Display tree so that the geometry of
the pipe is visible.

Initialize the 2D blocking: Select Blocking > Create
ey, {ﬁ

Block »ﬁ > Initialize Blocks and change the type to

2D Planar as shown in Figure 3.39. Enter LIVE in the Part

field and Apply.
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Figure 3.39
The Create Block Menu Create Block &)

Part |LIVE Tl =

— Create Block

kol 1

— Imitialize Blocks

Type |2D Planar j

Apply | k. Cancel |

Note the white block that encloses the geometry, as shown in Figure 3.40. This
is the initial block that will be used to create the topology of the model.

Also note that the curves are now colored separately instead of by Part. This is
so that the individual curve entities can be distinguished from each other, which
is necessary for some of the blocking operations. This color coding can be
turned on/off by right mouse selected Curves in the model tree and toggling
Show Composite.

ANSYESHOEMCER-10:0

AASSIICEM CFD

Tutorial Manual

81



Hexa Meshing

Figure
3.40
Initial
LIVE
block

Turn on Vertices in the model tree. Then, right mouse select
Vertices > Numbers. The following operations will refer to
these numbers.

d) Block Splitting

First, two vertical splits and then one horizontal split will be
made.
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Select Blocking > Split Block ®> Split Block @

.Note the Split Method is set to Screen Select by default as in
(Figure 3.41). In this case, the split may be done by
approximation, as it is only the topology of the “T” that is
essential, not the exact proportion.

Figure 3.41
The Split Window 5plit Block

—Sphit Block

BE >SS
%

— Spht Block
Block Select

|7 Al Yisible " Selected

Block. |

Edge | 11191 X

[ Project vertices

Split Method
Split Method |Screen select x
Apply ] Digrnizz

SRV NSV LERMCER o)
UMY ICEN CED 83

Tutorial Manual




Hexa Meshing

In the Data Entry Panel, select Split Block \ﬁ once again

or the Select Edge icon. You will be prompted to
select an edge (note red text at the bottom of the view
screen). With the left mouse key, select the edge defined by
vertices 11 and 19 (or 13, 21) as shown in Figure
3.42 Keeping the left mouse key depressed, slide the new
edge to the desired location and middle mouse key to
perform the operation. The split is shown in Figure 3.42

Figure 3.42 1 s 1
First Split Edge 11-19

L

Note: Pressing the right mouse button while in selection mode will cancel the
previous selection. Also, note the color of the edge: blue (cyan) designates an
internal edge.
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Repeat for edge 33 & 19 (or 34, 21). The results are shown
in Figure 3.43

Figure 343 13 124 1348 1
Second Split
Edge 33-19

——

1t

Create the horizontal split, this time changing Split Method
to Relative as in Figure 3.44.Enter 0.5 (mid-point of selected
edge), select any one of the four vertical edges and press the
middle mouse button or Apply.
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Figure 3.44 )
Split Method Relative Split Block

— Split Block

B @ >SN

%

— Split Block

Block Select
|7 &+ Allvisible

" Selected

Block |

Edge | 11131

[ Project vertices

@

— Split Method

Split Method |Fielative

Parameter ID.E

Apply

ok

Dismizs

This horizontal split is shown in Figure 3.45
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Figure 3.45
Display of the
curves and
LIVE block
after making
three splits

Hexa Meshing

blk! 134 k| 1
a1 17 k] 4
11 93 17 K]
T 1

e) Discard Blocks

The next step in this “top down” approach is to remove or
discard the unneeded blocks. Select Blocking > Delete

Blocks ﬁ .

Delete Block @

Blocks {@

[ Delete pemanently

Apply k. Dizmizz
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Select blocks as shown in Figure 3.46and press the middle
mouse button or Apply.

Figure e [eP [T 21
3.46
Select
blocks
to
delete

11 12 13

il 33 17 149

Note: Deleted blocks with Delete Permanent turned off (default) are actually put
into the VORFN part, a default dead zone that is usually deactivated.

The geometry and blocking of the model should now
resemble that shown in Figure 3.47.
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Figure
3.47
Final T
Shape
Topolo
ay

f)

Hexa Meshing

Associating to Geometry

The edges of the blocking will now be associated to the
curves of the CAD geometry. First select the edges, then the
curves to which you want to associate the edges. If two or
more curves are selected per operation, those curves will
automatically be grouped (concatenated).

13 124 Bo

] 42 3
i
!
!

_;-'-'/.

-
k! 17
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For reference turn on Vertices > Numbers (right mouse
option) and Curves > Show Curve Names in the Display

tree.
Figure 12 B4 128 CIURYES.T?
3.48
Vertex
number
s and
Curve
names
CURVES-6 -
41 42 43 4
RVES-5
CIIRVES. 2
v
CURVES-1 CRiES
CUORVES.~*
TEVES-10
CIIRVES. 3
- = 17 EVES-11
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A
Select Blocking > Associate {3\’:.'1 > Associate Edge to Curve

(\y as shown in Figure 3.49.

Figure 3.49

Blocking Blocking &
Association Aszzociations e
window

— Edit Associations “
%@@%%
AW
— Aszzociate Edge -> Curve

Edgefs] |{ 32420} "fls
Curvefs) [CURVES/10 &

[ Project wertices

[” Project to suface interzection

r Project ends to curve
nterzection P

Apply ] Dismizs |

Note: Project Vertices should be disabled (default).

First capture the “inlet,” the leftmost end of the large pipe.
Select Associate Edge to Curve (\g once again or the
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Select Edge icon, and select Edge 13-41 with the left
mouse button. Press the middle mouse button to accept the
selection.

Then select the curve, CURVES/1 with the left mouse button
and press the middle mouse button or select Apply to
perform the association. The edge will turn green when
associated.

Note: This operation runs in “continuation mode”, which allows the user to
select the next set of edges and curves without reinvoking the function. Selecting
the middle mouse button when no entities are selected or selecting Dismiss will
cancel the function.

In a similar manner, associate the following edge/curve
combinations to make the “T” fit the geometry:

Small pipe: Edge 33-42 to curve CURVES/10; 33-37 to
CURVES/11; 37-43 to CURVES/9.

Outlet (top horizontal end of large pipe): Edge 21-44 to
curve CURVES/7. This vertical edge will eventually be
moved to capture the horizontal curve.

Note: It may help to toggle entity types off and back on to identity the right
entity, if they overlap other entities. For example, turn off Vertices and Edges to
verify the curve names. Turn Edges back on to proceed with the selection.

Sides of large pipe: Edges 13-34, 34-38, 38-21 to curves
CURVES/2, /5 and /6. Select all three edges first, press the
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middle mouse button to confirm, then select the three curves,
and press the middle mouse button again. The three curves
will automatically be grouped as one logical composite
entity. Geometrically, they are still three separate curves.
Edges 41-42, 43-44 to curves CURVES/3, /4, /8.

The blue (cyan) edges (42-43, 34-42, 38-43) do not have to
be associated. They are internal and will interpolate instead
of project on to geometry when the mesh is computed.

The associations may be verified by selecting Edges >Show
Association in the Display tree. As in Figure 3.50, the green
arrows in the display point from an edge to its associated
curve. Nodes and vertices of these edges will project on to
the associated geometry.
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Figure 3.50
Projection of 13 34 B 21
edges to
Curve

41 47 47 4

33 el

Note: If, once completed, the associations do not appear as in Figure 3.50, the
steps of operation may be retraced with the Undo and Redo buttons. Also edges
can be re-associated to their proper curves. It is not necessary to disassociate and
then re-associate. The re-association will overwrite the previous association.

Turn off Edges > Show Association after verifying.
g) Moving the Vertices

Next, move vertices on to the geometry. Select Move

Vertex 'Ili > Move Vertex (if not already selected)
as shown in Figure 3.51.
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Note: Selecting Move Vertex from the Menu tab will immediately prompt you to
select from the screen. It is usually not necessary to select Move Vertex from the
Data Entry Panel unless another option was previously selected.

Figure 3.51
Move Vertex Window Move Yertices '@

— Move Yertices -

AL N

T

e

— Move Yertex

Method |Single id

Werhen | -t:"{':,

— Movement Constraints
™ Finx

I~ Fixy

I Fixz

[T Fix dirzction

Yeckar | FiE
[T Momal to Surf,

[T tove dependent

Apply k. Digmizs |
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Move the vertices of the Inlets and Outlet (ends of large
pipe) as shown in. Keeping the left mouse key depressed,
one can “drag” the vertex along the curve.

Figure 3.52
Associate a4 aa 21 4d
Edges to ! ;

Curve

11 —
1

Note: Due to the associations made between the edges and curves, many of these
vertices will “snap” to the correct position. Vertices may, however, be moved
along the curve by dragging the mouse. To capture the ends of the curves, drag
with the left mouse key depressed until the vertex can be moved no further:
position the cursor beyond the end of the curve will assure that the end is
captured.

Move the remaining vertices to their appropriate positions on
the geometry until the blocking resembles Figure 3.53 Try to
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make the blocks as orthogonal (good internal angles) as
possible.

Figure
3.53 |
Move

the rest

of the

vertice

sto

their

positio

n

15 . £

i e .y

When finished, complete the operation by selecting the
middle mouse button or Dismiss to exit the Move Vertices
window. Right mouse key will undo the previous vertex
movement, NOT exit the function.

Save the current work to a file by choosing File > Blocking
> Save Blocking As. Provide a filename (such as blkl) so
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that the file may be reloaded at a later time, using File >
Blocking > Load blocking.

h) Generating the Mesh

First, Mesh parameters (sizes) must be set on the geometry
(curves in this 2D case).

.

ﬂ'
Select Mesh > Set Curve Mesh size h‘t‘ to invoke the
window seen in Figure 3.54 Keep Method as General. Set
Maximum Size to 1. Ignore all other parameters.

Select the visible Curves (can select “v” for visible or “a” for
all or select the appropriate icons from the selection tool bar)
and Apply.
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Figure 3.54
Curve Mesh Parameter
Window

Hexa Meshing

Curve Meszh Size '@

— Curve Meszh Parameters

Method |General j

Select Curvels) [CURVES/5C 0% - - -

b axirmun Size |'I

Mumber of Hodes |

Height |1
Ratio [1.5

width |0 =

kinimum zize |EI.EI

b airmurn desiation |EI.EI

—Advanced Bunching

Bunchirng law | j

Spacing 1 |

Ratio 1 |

Spacing £ |
Ratio 2 |

Max Space |

T Adust attached curves

™ Remesh attached surfaces

Blank curves with params |

Apply | k. Dligmizz
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Note: Maximum Size determines the length of the edges on the curve (or surface
for 3D). Height determines the length of the edge of the first layer normal to the
curve. Ratio determines the normal heights of the subsequent layers. In this
case, height and ratio are determined by the perpendicular curves whose
Maximum Size will override any height or ratio settings.

Initial Mesh Generation:

Select Blocking > Pre-mesh Params ' > Update Sizes

; i as shown in Figure 3.55.

Figure 3.55
Pre Mesh Param Window  Mesh Params @

aghing Parameters -

e e

lecalculate Sizes
Method

& Update Al
" Keep Distributions

" Feep Counts

Apply (] Cancel |

Toggle on Update All and Apply.
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Note: This will automatically determine the number of nodes on the edges from
the mesh sizes set on the curves.

Turn on Blocking > Pre-Mesh in the Display tree. Select
Yes when prompted to recompute.

Switch off Edges and Vertices from the Display tree to view
the mesh as in Figure 3.56.

Figure 3.56
The initial
mesh

L R,
imesssanRARTTTLVERALY oy
—! 1 AR """';'x'xxxx'n\\\-k"
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Refining the Mesh with Edge Meshing
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Now the user will employ advanced edge meshing features
to re-distribute grid points to resolve the salient features of
the flow.

Turn off Pre-Mesh in the Display tree, and re-display Curves
and Edges. Right mouse select Edges and select Bunching
from the pull down options to see the distribution of grid
points along the edges (Figure 3.57).

First, we’ll reduce the number of nodes along the length of

the large pipe.
Figure 3.57 . -
The bunching |
on the edges i |
/
+ = .
f !
[ A ]
- e o
i
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Turn on Vertices > Numbers (right mouse) in the Display
tree again for reference. Select Blocking > Pre-mesh Params

ﬁ > Edge params 1‘\\‘ to display the Edge meshing
parameters window as shown in Figure 3.58 Select ;\F

again or and select edge 13-34 when prompted. In
the panel, change the number of Nodes to 27 then Apply.
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Egt;er: gfrimeter Pre-Mesh Params i
Window — Meshing Parameters -
1. I 8 ~
P e
I I
Edge IW "f‘\s
Length | 41.8245
MNodes |27 3
Mesh law |BiGenmetric j
Spacing 1 [0797033 [07av033
[~ SplLinked Select Rewerse |
Ratio1 [15 [115117
Spacing 2 [0.797033 [07a7033
[~ 5p2 Linked ﬂl Feverse |
Ratio 2 |2 [115117
Max Space |1 |2 26863
[ Spacing Relative
[T Modes Lacked
[T Parametsrs locked
¥ Copy Parameters
Copy
Methad | Ta All Parallel Edges [=| | |=2
[T Copy absolute
[ Linked bunching
Licle Cdan | # LI

Apply | QK I Diizmizs |

Similarly, re-select ;\ or , select edge 21-38, change
Nodes to 27 and Apply.
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Toggle on Pre-Mesh and recompute to view the new mesh.

Note: This is a structured grid. When the number of nodes is changed on one
edge, all parallel opposing edges will automatically have the same number of
nodes. In this case, edges 41-42 and 43-44 will have the same number of nodes
as 13-41 and 21-38 respectively.

Next, we’ll bias the nodes closer to the wall boundaries of
the large pipe.

Still within the Edge Parameters menu, select edge 13-41,
and change the Spacing 1 and Spacing 2 to 0.5. Change
Ratio 1 and 2 to 1.2 and Apply.

Note: Spacing 1 refers to the node spacing at the beginning of the edge, and
Spacing 2 refers to the spacing at the end of the edge. The beginning of the edge
is shown by the white arrow after the edge is selected.

Requested values for spacing and ratio are typed in the first
column. Actual values are displayed in the second column.
Note that due to the number of Nodes, the Mesh Law and
Spacing, the requested Ratios cannot be attained. Increase
the number of Nodes using the arrow toggles until the Ratios
are close to the requested value, 1.2.

Note: The Mesh Law is by default set to BiGeometric. This allows the nodes to
be biased towards both ends of the edge. The expansion rate from the end is a
linear progression. Several other mathematical progression functions (laws) are
available.
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Toggle on Copy Parameters. Set Copy >Method > To All
Parallel Edges (default) and press Apply. This will ensure
that the parallel Edges 34-42, 38-43, and 21-44 have the
same spacing.

Next, select Edge 21-38 and change Spacing 1 and 2 to 0.5.

This will concentrate grid points toward the outlet and
toward the small pipe. To have these changes reflected in
edge 43-44 as well, be sure that Copy Parameters > Copy >
Method > To All Parallel Edges is selected Apply.

Next, we’ll copy the same distribution to the other section of
the large pipe. Still in the Edge Parameters menu, change
Copy Parameters > Copy > Method > To Selected Edges

Reversed. Select the Select edge(s) icon immediately
underneath the Method field and select Edge 13-34. Press
the middle mouse button or Apply.

Refine the nodes along the small pipe. Select Edge 33-42
(make sure to select the icon toward the top of the menu, not
the one beneath the Method field), change Nodes to 9,
Spacing 1 to 1.0, and Spacing 2 to 0.5. Change Copy
Parameters > Copy > Method back to To All Parallel Edges
and Apply.

Change the number of Nodes of edge 34-38 to 9.

Toggle off/on Pre-mesh and recompute to view the refined
mesh shown in Figure 3.59.
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Figure
3.59
The
Final
Refine
d Mesh

i) Saving the Mesh and Blocking

Save the mesh in unstructured format: Right mouse select
Pre-Mesh and select Convert to Unstruct Mesh to generate
the domain file.

Select File > Blocking > Save Blocking As and input a
filename for the blocking, after the project name. This block
file can be loaded in a future session (File > Blocking >
Open Blocking...) for additional modification or to mesh a
similar geometry.
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It is recommended to save each blocking to a separate file
instead of overwriting a previous one. In more complex
models, the user may have to back track and load a previous
blocking.

Select File > Save Project As... and type in a project name.
All files: tetin, blocking and unstructured mesh will be
saved.

File > Exit or continue with the next tutorial.
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3.2.3: 2D Car
Overview

In this tutorial, the user will generate a Mesh for external flow over a simple 2D
Car residing in a wind tunnel. The Replay will be employed for recording all the
blocking steps This replay (script) file will be run to model a modified geometry.

a) Summary of Steps
The Blocking Strategy
Starting the Project
Splitting the Blocks with Prescribed Points
Splitting Blocks using the Index Control
Reassigning the Material Domains
Body Fitting the Blocking
Aligning the Vertices
Meshing with Curve Parameters
Creating an O-grid around the Car
Meshing with Edge Parameters
Saving your Replay File and Quitting Hexa
Using Replay for the Design Iteration
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b) The Blocking Strategy

For an external flow model in a wind tunnel, the following
steps are usually taken when blocking the model to obtain
the desired results.

The Split function is a common technique when beginning
blocking by carving a Cartesian set of blocks around the
object.

The vertices are then moved onto the geometry in order to fit
the shape of the car with all its features: front bumper, hood,
etc.

An O-grid block is created around the car to give an
orthogonal grid.

The following Parts that have been defined in the geometry
(Figure 3.60):

CAR: Vehicle geometry

GROUND: Ground surface of the wind tunnel
INLET: Inlet face of the wind tunnel

OUTLET: Outlet face of the wind tunnel

PNTS: Prescribed points associated with the Car.
TOP: Top surface of the wind tunnel.
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3.60

The Parts
of the 2D
Car

Hexa Meshing

el

A modification to this Geometry called “car_mod.tin” is also
available in the Project directory. Use the Replay file for this
geometry. The parts are the same in both the base and
modified geometries, allowing the “Replay file” to be run on
each identically.

c) Starting the Project

After opening, select File > Change working directory and
browse to
$ICEM _ACN/../../docu/CFDHelp/CFD_ Tutoria
1 Files/2Dcar. Select File > Geometry > Open and
load car base.tin.

Before proceeding, note that the names of Parts that are
listed are located in the Display Tree. As in the previous
tutorial, the geometry and Parts have already been defined
for the user.

Start the Replay File. The Replay function allows the user to
record all the steps necessary to complete the mesh. Select
File > Replay Scripts > Replay Control to bring up the
Replay control window (Figure 3.61).
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Figure
3.61 S
The Operations in zcnpt
Replay 1. !c_undo_grnup_t:egln -
. ic_gea_new_family LIVE
control .
i . ic_boco zet_part_color LIVE
Window . ic_hex_initislize_mesh 2d new_nurbering new_blocking LI
. ic_hew_switch_blocking root
. ic_hex_unblank_blocks
L hesmulti_gnid_level
. ic_hex_switch_blocking root
9. iz_undo_group_end

4\ Replay control

[ B B I 3 ™ OO R Y 8 ]

v Record [after curent) [ Al commands

Do one Do all Do range Skip

Load Save Edit Inzert

Delete one Delete all Delete range Fienumber

[ Always update Stop Clean

Done |

Note: The option of loading is not recorded in the replay script. Record (after
current) is turned on by default. It will record all of the commands until this
button is turned off or the user selects Done. The Replay control window may be
moved aside or minimized while recording, but the window should be kept active
until recording is complete.

Select Blocking > Create Block@ > Initialize Block @
> Type 2D planar.

Name the Part as LIVE and press Apply.
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Figure
3.62

The
Initialized
Blocks

N

d) Splitting the Blocks with Prescribed Points

Make sure Curves are turned on (default) in the Display tree.
Edges should also be displayed (default) showing the initial
block as in Figure 3.62.

Turn on Points > Show Point Name in the Display tree. The
name of the Points will appear on the screen. Zoom in to the
bumper.

Select Blocking > Split Block ir% > Split Block % in

the Data Entry Panel will be active by default. Don’t select
at this time.

Note: Many functions, including Split Block in the Data Entry Panel will
automatically prompt the user to select from the screen. This mode can be
turned off/on by selecting Settings > Selection > Auto Pick Mode. If turned on
(default) it will sometimes be necessary to exit selection mode (right or middle
mouse key) in order to change some options. The selections in this and other
tutorials are based on Auto Pick Mode being turned on. Please leave on for the
remainder of this tutorial.
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In the Split Block panel, change Split Method to Prescribed
Point as shown in Figure 3.63.

Figure 3.63 Split Block @
Split Block Window

— Split Block

BE >SN
%

— Split Block
Block Select
|7  Allvisble  © Selected
Block. |

Edge |11 191 4N

[ Project vertices
— Spht Method

Split bethiod IF'rescriI:ueu:I poink j

Paint |[PNTS/1 g

Apply | )4 Digmnizz |

Now select either Split Block G@or Select Edge(s)
and select any horizontal edge (top or bottom edge). Then

ANSYESHOEMCER-10:0

AASSIICEM CFD

Tutorial Manual

114



Hexa Meshing

select (PNTS/1) at the front of the bumper. The new edge
will automatically be created as in Figure 3.64.

Note how the new edge intersects the point.

Note: At any point in time while in selection mode, you can toggle on dynamic
mode by selecting F9. This may be necessary in order to zoom in to get a closer
view of the points. Toggling F9 again will return to selection mode.

Figur
e ’f,»fHS : T TNTS s
3.64
First P P
Sp“t f__ﬁ.‘{'PBz.T_ '|
f‘ﬁ‘éﬂ?’z &
~PHTS-15
EWTS14 i
—_— LSHTSA LHNTS 13—
In the same manner, make one more vertical split at the rear
of the car (choose prescribed point PNTS/10), and two
horizontal splits at the top and bottom of the vehicle
(PNTS/5 and PNTS/12) as in Figure 3.65.
Figure 3.65
Additional o o
Split 0
- A ETEer s
e |
-F‘lfépﬁq ENERL 10
~-,EE§S//115‘__ o o _jI'NTS/ll

PHTSA PHTS12————
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e) Overview of the Index Control

Figure i
3.66 ]
Index I
Contro J

| K.
Figure 3.67

Blocking Indices

By default, splits only propagate through the displayed
blocks. Blocks can be blanked by right mouse selecting
Blocking (in the Display tree) > Index control (Figure 3.66)
which will appear in the lower right hand corner.

.Min .Ma:-c L Select comers |
0 +| ¥| |5 +| +
- NG ryirs Reset
a +| +| | 1+ + Query Edge
— Done
=

All block edges and vertices are assigned an I, J, K value.
For example, in Figure 3.67, the first edge perpendicular to
the x- axis of the global coordinate system has an index of I
= 1, while the first edge perpendicular to the y- axis has an
index of J=1. For 2D cases, such as this, the K index is
undefined.

The Index control panel has two columns, Min and Max (left
and right columns respectively). The range can be changed
by toggling the arrows or entering an integer value in the
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appropriate field. Only the blocks within this range are
displayed. Selecting Reset will turn all of the block indices
back ‘on’.

f)  Splitting the Blocks

Display only the blocks containing the vehicle and those
underneath the vehicle: Change the Index range to I: 2-3, J:
1-3.

Note: Notice that incrementing the Index control from 0 to 1 in the “minimum”
left column does not result in any change in the block/edge display. Likewise, no
change occurs when the maximum number, Nmax, is decreased to Nmax-1, in
the right column. The index ranges 0 to 1 and Nmax to Nmax-1 are used by
blocks in the VORFN part that form an “outer perimeter” around the initial,
central block. These outer blocks are visible (Figure 3.68) if the VORFN part is
turned on in the Index control panel. The outer blocks are used for O-grid
propagation to be explained later in this manual. To simplify the display, leave
the VORFN volume family turned off for now.

Figure
3.68
VORF
N
Block
S

Create two vertical splits, one through PNTS/4, the other
through PNTS/7. If needed, adjust the Index control to I: 2-5,
while keeping the J index the same. Create a horizontal split
through PNTS/4.
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Select Reset in the Index control panel so that the block
appears as shown in Figure 3.69. Note how these new splits
don’t propagate through all of the blocks.

Figure 3.69
Additional
Split

Next, carve out a block above each bumper. First set the
Index control to I: 2-5, J: 2-3.

Create a horizontal split through PNTS/1. Reset the Index
Control of J:2-5 as in Figure 3.70.

FHTSA13

Change Index control to 1:2-5 and J:3-4. Proceed to create
two vertical splits through PNTS/2 and PNTS/S.
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Reset the indices and turn off Points. Your blocks should
appear as in Figure 3.71.

Figure

3.71 e

The 7 o
Block P )
Indices N L

g) Discarding Blocks

For flow analysis, only the blocks outside of the car need be
retained. So far, all of the blocks are in the LIVE volume
part. The blocks representing the car’s interior must be
reassigned into a different volume part.

Select Delete Blocks @ and select all interior blocks as
shown in Figure 3.72 The blocks are 15, 18, 20, 22, 25, 26
and 27. After selection press the middle mouse button or
Apply. These blocks will actually be put in the VORFN part
since Delete Permanent is turned off (default).

Save blocking

Figur
: |

3.72 I

OGri —

o |
Block | = I

L

L, ”

‘9 17 “19

22

25
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h) Body Fitting the Blocking

To ensure proper projection of the blocking edges onto the
geometry, the user will project block vertices to the
prescribed points and block edges to the curves.

Turn on Points.

& v
Select Blocking > Associate “&i> Associate Vertex
as in Figure 3.73.The Entity type Point is toggled on by

default.
Figure 3.73 Blocking ol
Associate Vertex Panel Aszzociations =
Edit Aszociations -

ey 4
R el

Associate Yertex -»
E ntity

" Self o+ Paint

" Curve  © Surface

Yertex m

Apply | 0k, Digmizs |
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_*_.q.
Select Associate Vertex (ﬁ again or the Select vert(s)

icon and first select the vertex and then the appropriate
point as shown in Figure 3.74. The vertex will immediately
jump to the selected point. Make sure you associate the
vertices that are right on top of their respective points (e.g.

PNTS/4).
Figure | T e K
3.74 = e
Associati L. ) < \prss7
ng Vertex Y
to Point /
E '{S/E
“FHTS-1%
FNTS 14
—_— SNTC A0 ;u'l‘:l‘g) -

Note: The vertices will turn red indicating they are fixed to the prescribed point.
The blocks should now better represent the geometry of the car (Figure 3.75).

Figure
3.75
The
Blockin
g fit to f
the Car 2

515
<14 )
—_— ANTS ENTEtr——

i) Edge-Curve Association.

Turn Points off in the Display tree. Turn off the internal
edges: right mouse select Edges and toggle off Volume.
Turn off all outer edges: Set Index control to 1:2-6, J:2-5.
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Select Blocking > Associate {i.l Associate Edge to Curve
( Select all the edges that lie on the car body either by
s

. : e od . .
dragging a selection box or selecting “v” (or the icon in
the Select blocks toolbar) for all visible. Then select all
curves making up the car body individually or by dragging a
selection box. Turn back on Edges > Volume and Reset the
Index control.

Temporarily turn off Curves and Points in the Display tree to
confirm that all the edges around the car body are associated
— colored green.

Check to make sure the association is correct by selecting
Edges > Show Association from the Display tree and switch
on Curves. The projection on the front bumper will resemble
Figure 3.76.
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Figure 3.76 i
Display of Edge
Projection
b ot
i
!
II
— —B
=]
!
13
P

j) Aligning the Vertices

To obtain optimal mesh quality, it is sometimes necessary to
line up the block vertices.

Note: As for Split Blocks command, Align Vertices only acts upon the blocks
displayed; thus, it is important to use the Index control to isolate those blocks.

First line up the vertices of the three blocks underneath the
car. To more quickly isolate the blocks, select Blocking (In
the Display tree) > Index control > Select corners and select
the two diagonally opposing vertices (corners) as shown in

ANSYSHOEMOER-10-0
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Figure 3.77
Adjusting the
index control

Hexa Meshing

Figure 3.77. Note the change in the I, J ranges within the
Index control panel.

using From
Corners
kt_\_kk
H‘KH‘ — - F‘_J_,__"' —
Selectthe two Comers
Turn on Vertices > Indices for reference.
Select Blocking > Move Vertex 'E > Align Vertices
+
=43k 10 obtain the window shown in Figure 3.78.
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Figure 3.78 Move Yertices &
Aligning Vertices panel

— Mowe Yertices

& AN

=

— Align Yertices

Along edge direction | 'ﬁ

Feference vertex |

— Align

Coordinate spstemn ICartesian |

Move in plane
N E % 7
0wy = Uszer Defined

Plane |

Apply I Ok, I Dizrnizs

First select any one of the vertical (J) edges to define the
index align direction. Then select any of the top four vertices
as shown in Figure 3.79 and Apply.
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Figure

3.79 Wertices To Be Selected Edge to be Selected
Edge and

Reference /

Vertices

Selection

Note that the bottom vertices are adjusted to line up with those at the top. By
selecting one of the top vertices (e.g. 5 2 1), all J=2 vertices will be fixed and all
other visible vertices will be adjusted. Also note Move in plane > XZ is
automatically toggled on. By selecting a J edge, the program assumes the
alignment to be along Y of the active coordinate system, so only the X and Z (in
this case Z is undefined) coordinates will be adjusted.

Select Index control > Reset to turn on all blocks. In the
model tree turn on Points and turn off Vertices.

Vertex positions can also be adjusted by setting location of
coordinates. In this case, we’ll line up one of the vertices

near the front bumper. Select Move Vertex 'fﬁ. > Set

+

location + ¥¥Z and select a reference point, PNTS/3, as
shown in Figure 3.81. The coordinates will appear in the
Modify fields within the Move Vertex panel. Toggle on
Modify Y only. Towards the bottom of the panel, select

Vertices to Set > Select vert(s) = and select the vertex
corresponding to ‘0’ as shown in Figure 3.80 Then Apply.
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Figure 3.80 A
Using Set
location to align L
Vertices
PATS1 du

FNTS15

ENTEA14
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Figu_re 3.81 ) Move Yertices @
Setting the Vertex Location

— Mowve Yertices

| 4]
=,

/

— Set Location

M ettiod |Set Piosition |

— Reference From

 Wertex ¥ Screen

Rel. Location |PNTS/3 %3
— Set

Coordinate spstern |Eartesian |

I~ Modify % w2374

W Madify'r ' |432.73

™ Modity 2 e [i

[ Modify Marmal  Harmal |

Yertices to Set |EE t&

Apply | Ok I Digmizs |

The vertex will line up with the other one based on the y-
coordinate as shown in Figure 3.82.
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Figure 3.82
After Performing
The Set Location
the Vertex will
line up

Hexa Meshing

FHTES

L4152
ENTEA

FHTS 14

PHrEsLa

k) Meshing with Curve Parameters

Currently, there is one node on the end of each edge, so the
number of elements is equal to the number of blocks. As in
the previous tutorial, appropriate node distributions for the
edges must be made.

. T :
Select Mesh > Set Curve Mesh Size =« , set Maximum
Size to 25

Select curve(s) @ and either type Shift P or select the
o

Select items in Part #8 jcon from the Select geometry
toolbar.(Figure 3.83) In the Select part window turn on CAR
and Accept.
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Figure 3.83
Select Part  Eisl=aSEEl

‘Car’

From screen Accept Cancel

Back in the Curve Mesh Size panel, set Maximum Size to 25
and Apply.

Repeat this procedure but toggle on INLET, OUTLET, TOP
and GROUND, set Maximum Size to 500 and Apply.

Select Blocking > Pre-mesh Params ' > Update Size

’ > Update All and Apply.

Turn on Pre-mesh in the Display tree and recompute. (Figure
3.84).

What has been created so far is a body-fitted blocking that is
aligned with indices I and J. This is known as a Cartesian or
H-grid type of blocking.
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3.84

The H
Grid
Blocking

Hexa Meshing

EEEARNRNARARRSRIN

) Creating an O-grid around the Car

Next, create an O-grid, where the mesh “radially” propagates
from the surface of the car towards the outer domain. This
will result in an orthogonal mesh to better capture near-wall
or boundary layer flow.

First, turn off Pre-Mesh and turn on Edges. Also turn on the
VOREN part for we’re going to select the interior blocks

Select Blocking > Split Block @> o Gridﬁ@ to obtain

the panel shown in Figure 3.85.
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Figurg 3.85 o Split Block &
Creating an O grid in the
Blocklng = 5plit Block

Bl >SN
%

— Ognd Block

Select Block(z) ﬁ i~}
Select Facels) _ﬁc ]
Select Edgels] :& 2&
Select Verlfs] _:\K-S R

Clear Selected |

v Around block(z)

Difszt |1
[T Abzalute

Lpply | QK I Dismissl

Using Select Blocks@, select the blocks as in Figure
3.86 and press the middle mouse button to accept selection.
Turn off VORFN. The selected blocks will disappear.

Figure 3.86
Select the
blocks for
the O grid

i

I

[
=
—
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Turn on Around Block(s) and Apply. The blocking will
appear as below in Figure 3.87.

Figure
3.87
Your
extern
al O
grid of
the car

m) Meshing with Edge Parameters

Select Pre-mesh Params ﬂ > Edge params I\i and
select one of the radial edges of the O-grid as in Figure 3.88.
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Figure
3.88
Setting
the
meshing
paramete
rs on the
edge

Hexa Meshing

Salect thie Edge

Increase Nodes to 7. To bunch the elements close to the car,
decrease Spacing 2 to 1 and change Ratio 2 to 1.5. Toggle
on Copy Parameters, set Method > To All Parallel Edges
(default) and Apply. This node distribution will be applied
throughout the O-grid.

Select one of the vertical edges between the car and the
ground. Change Nodes to 15, Spacing 1 and 2 to 1, Ratio 1
and 2 to 1.5 and Apply. Note that the ratios presented in the
second column (actual) were not attained. Increase the
number of Nodes until both ratios are near 1.5.

Select Edges > Bunching in the Display tree.

ANSYESHOEMCER-10:0

WASSITCEM CFD

Tutorial Manual

134



Hexa Meshing

Turn on Pre-Mesh and recompute. Note the large gradients
in mesh size just before and behind the vehicle. We will
now match the node spacing of one edge to the other.

Turn off Pre-Mesh and, for reference turn on Vertices >
Numbers.

Select Pre-Mesh Params > Match Edges. Select the radial
edge on the ground plane in front, 33-96 for the Reference
Edge and then immediately select the edge just before it as
the Target Edge(s) as in Figure 3.89. Press the middle mouse
button to complete.

Figure 3.89
Display of the 100
bunching using
the 28 3
Edge>Bunching
L ]
a7
| | , 9n 33
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Next, back to Edge Params, select the previous target edge,
and make sure Copy Parameters > To All Parallel Edges is

on and Apply.

Repeat for the edge behind the car, using edge 37-111 as the
reference.

Turn on Pre-Mesh and recomputed.

Figure 3.90
The Final
Mesh of the
baseline
model

I

OO

Sy

ik
I

P
55 \‘.‘!

n) Saving your Replay File.

Bring the Replay control window to the foreground and
select Save. Accept the default filename “replay_file.rpl”
and Save from the Save Script File browser.

Select Done to close the Replay control window.

Select File > Close Project and type in any suitable name.

e ANSVGIoRMEED 10 g
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0) Using Replay for the Design Iteration

Figure
3.91
The car
model
geomet

ry

The user is now ready to rebuild the block topology on a
similar geometry, or design iteration. Instead of repeating the
same commands manually, run the Replay file.

To load the iteration, select File > Geometry >Open
Geometry, choose car mod.tin and Replace the original
geometry when prompted.

In car mod.tin the trunk or deck-lid has been extended
rearward, the rear windshield (backlight) angle has been
changed and the windshield has been moved slightly
rearward.

Since the replay file will act on the prescribed points (which
have been moved but carry the same name), all of those
operations performed with respect to prescribed points will
be valid.

Display the Curves and zoom in so the box representing the
wind tunnel fills the window (Figure 3.91). Notice the
differences in the geometry from the car base subproject.
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Select File > Replay Script > Replay Control. The Replay
control window will show all the commands you previously
saved in the subproject car base. If a new session, you
would have to select Load from the Replay control window
and select the saved replay file.rpl.

In the Replay control window, scroll all the way to the top
and highlight line no. 1. Select Do all.

Turn on Pre-Mesh and recompute (Figure 3.92).

Figure
3.92
Final
Mesh

LA

This mesh will have been generated using exactly the same
parameters as the first, so the differences in solutions may be
attributed to the changes in the geometry, rather than to any
dissimilarity in the grids.

When finished looking at the results, save the unstructured
mesh: Pre-Mesh > Convert to Unstruct.

Save the project and File > Exit or continue with the next
tutorial.
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3.2.4: 3D Pipe Junction

Overview

In this tutorial example, the user will generate a mesh for a
three-dimensional pipe junction. After checking the quality
of the first mesh, the user will create an O-grid in the
blocking to improve mesh quality.

a) Summary of Steps

The Blocking Strategy
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Starting the Project
Creating Parts
Starting Blocking
Blocking the Geometry
Projecting the Edges to the Curves
Moving the Vertices
Generating the Mesh
Checking the Mesh Quality
Creating an O-grid in the Blocking
Verifying and Saving the Mesh
b) The Blocking Strategy

The strategy for this first three-dimensional example is fairly
simple. First, cut twwo blocks from the initial block, one
each for each half cylinder forming an L-shaped
configuration. Then, create an O-grid to improve the mesh
quality.
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Figure
3.93

3D Pipe
Geometr
y

c) Starting the Project

Start ANSYS ICEMCFD and Change working directory to
$SICEM_ACN/../../docu/CFDHelp/CFD_Tutorial Files/3DPi
peJunction. Select File > Geometry > Open and select the
tetin file, geometry.tin.

d) Creating Parts

In the first two tutorials, the parts were pre-defined. For this
and the remaining tutorials, the initial geometry is in a single
part. Geometry will be put into different parts to define
different boundary regions. First expand the Parts tree and
turn on Surfaces.
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Right mouse select Parts and select Create Part as shown in
Figure 3.94.

Figure 3.94
Create Part option

Create Part

Create Aszembly
Shows &l

Hide aAll

Rewverze Blank All
Expand All
Collapze Al

Blank Selected
Restrict Selected
Delete Empty Parts
Edit Attributes
Reazzsign Colore ¥

In the Create Part panel type in CYL1 for the Part name.
Select Create Part by Selection h or Select entities

. To avoid selecting entities other than surfaces, turn

off Toggle selection of pointsk, Toggle selection of

x

definition). Leave on Toggle selection of surfaces Q as
shown in Figure 3.94. Entity types can also be deactivated
(unselectable) by turning them off in the Display tree.

curves and Toggle selection of bodies (material region

ANSYSHOEMOER-10-0
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Figure 3.95
Select Geometry tool bar

Select geometry

@@%xw%xﬁﬁ@gpﬁoﬁmﬂﬂgﬂs

Select the largest semi cylinder with the left mouse button
and press middle mouse button or Apply in the panel. Note
the new part in the model tree as shown in Figure 3.96.

Figure 3.96 bdodel

Part CYL1 added in display tree il Geometry
—11 Subzets
—11 Puoints
—d Curves
& Surfaces
A Parts
—a L1
& GEOM

Similarly create new parts for the smaller semi cylinder
(CYL2), cylinder ends (INL and OUT), and symmetry
planes SYM, as shown in Figure 3.97. When in continuation
mode after pressing the middle mouse button or Apply, you
can simply type in a new Part name and continue to select
the surface(s) without having to re-invoke the function.
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Figure 3.97
The
3DPipeJun
ct
geometry
and its
Surface
Parts

Now turn off Toggle selection of surfaces ‘ and turn on

Toggle selection of curves @ in the toolbar as shown in
Figure 3.98.

Figure 3.98
Curve selection

Select geometry

Pas X xDcPFr 06 &~ %2800

S e ]
| Toggle selection of curves
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Type in CURVE for the Part name and select all curves.
Either type “a” for all ( “ icon in the toolbar), “v” for all
visible ( ) or click and drag a box selection. For “a”

and “v” selection options you don’t need to hit the middle
mouse button or Apply to complete the operation.

Similarly, put all points in a POINT part. Turn off Toggle

b 3

points‘m. Type “a” for all or select “ in the toolbar as
shown in Figure 3.99.

selection of curves and turn on Toggle selection of

Figure 3.99
Geometry Part Point or Node Selection

Select geomety

Selectgeomety ki
Pla xR x0T & [ %880

Select all appropriate objects [visible or blanked) [key = &) |

e) Creating a Material point.

Select Geometry > Create Body from the geometry tab
(Figure 3.100). Type in LIVE for the Part name.
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Figure 3.100 p
Create Body panel Create Body G
Part [LIVE =]
Name|

M aterial Point

Location
* Centroid of 2 pointz

At zpecified point

2 green locations %

Apply | ] Dismizs

|« |

;&fﬂ?t
Select Material Point = or Select location(s) w and
select two locations such that the center lies within the
volume as in Figure 3.101.
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Figure -
3.101 o T
Selectio L el
n of A
points L
for
Material
point
creation

Select these two Points

Press the middle mouse button or Apply.

Right select Parts > Delete Empty Parts in the Display tree.
The empty GEOM part should be deleted. If not, right
mouse select GEOM > Delete.

Save the geometry file: using File > Geometry > Save
Geometry As or save the project.

f)  Blocking the Geometry

@ D
Select Blocking > Create Block kf > Initialize block
.Refer to Figure 3.102. Select the LIVE Part, make sure
Type > 3D Bounding Box is selected (default) and Apply.
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Figure 3.102 Create Block 9
Create Block Window

Part |LIVE =

— Create Block

B @w

— Initialize Blocks————

Type |3D Bounding Box j

Entities

[ Project vertices

[~ Orient with gearnetny
[~ 2D Blocking

Apply | QK I Dismissl

It isn’t necessary to select entities for a bounding box around
the entire geometry.

The next step is to split the block into four sub-blocks. Begin
by turning on Curves and Surfaces from the Display tree.

The L-shaped topology is best seen in a side view. Select
View > Left or select the X axis in the Triad Display

in the lower right hand corner to re-orient the
model as it appears in Figure 3.103.
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Figure 3.103
Geometry showing
the spilt locations

Hexa Meshing

y J}(
Select Blocking > Split Block i@ > Split Block"@’- :

Select any horizontal edge with the left mouse button; try to
position the new edge near the front end of the small
cylinder, and press the middle mouse button to accept. Next
select any of the vertical edges and position the new edge
near the top of the large cylinder (CYL1). Splits should
appear as shown in Figure 3.104.
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Figure 3.104
Block Splits

Next, discard the upper large block. Select Delete Blocks
and remove block shown in Figure 3.105.

Figure
3.105
Delete
Block
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g) Projecting the Edges to the Curves
Turn off the Surfaces, displaying Curves only.

e 3
Select Associate “ai> Associate Edge to Curve
.Select the three edges at the top (A) indicated with dashed
lines in Figure 3.106. Press the middle mouse button, then
select the three curves (A’) making up the small semicircle.
Press the middle mouse button to complete the operation.

In continuation mode, you’ll be prompted to select the next
set of edges/curves. Select the three edges (B) at the front of
the large cylinder, accept with the middle mouse button, and
then select the three curves making up the large semicircle
(B’). Again, press the middle mouse button to complete.

Associate the three edges on the Y-plane near the cylinder
intersections (C), then the semicircle curve making up the
intersection (C).

Finally, associate the side rear edges to the curves making up
the backend of the large cylinder, D->D’ and E -> E’, as
shown in Figure 3.106.
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Figure
3.106
Associating
edges to
curves

Hexa Meshing

Verify that the correct associations have been set: right
mouse select Edges > and select Show Association in the
Display tree (Figure 3.107). The arrow originates from the
edge center and points to the geometry entity it’s associated
to. Note that white edges point to the nearest point normal to
the nearest surface for they’re not directly associated to a
specific surface.
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Figure
3.107
Display of
the
projections
of the
edges to
the
associated
curve

h) Moving the Vertices

You can automatically snap all vertices on to the geometry

Fa

with Select Associate @ > Snap Project Vertices
Toggle on Vertex Select > All Visible (default) and Apply.

Manually move the vertices, Move Vertex E > Move

Vertex ﬁ and position the vertices as in Figure 3.108. For
now, only move green vertices on their associated curves.
Primarily, make the edges along the ends of the small
cylinder more or less equidistant.
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Figure
3.108
After
moving
the
vertices
to the
appropria
te
locations
on the
geometry

Turn off Edges > Association in the Display tree.

Save the Blocking!
i) Generating the Mesh

Next, specify mesh parameters, this time on surfaces for a
3D model. For this model, we’ll set the sizes on the parts,
rather than individual surfaces or curves.

Select Mesh > Set Meshing Params by Parts to get the menu
shown in Figure 3.109.
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Figure
3109 Part Prizm Hewa-Core  Max Size Height Height Fatio Mum Layers Tetra Size
Enteri CURVES [ r |IJ |D | |U |El
ng
new Crl [ [0 [1 [1.2 [0 [o
mesh S [5 [ [1.2 [ Jo
param INL | [0 [0 [0 [0 [o
eters

LIVE r r

out | [0 [0 [0 [0 [o

POINTS r | ||:| |D | |EI

ST - r [1a [0 [o [0 [0

W Show size parans using ref size

Flease Mote that Highlighted families have at least one blank. field because not all entities in that family hawve identic

Apply | Diigmizs |

Set sizes as shown: Max Size of 10 on all surface parts
except the small cylinder (CYL2) which can be 5, Height of
1 only on the wall boundaries (CYL1 and CYL2) and a
Height Ratio of 1.2 on those same walls. Apply and
Dismiss.

Turn on Surface > Hexa size in the Display tree. View the
meshing parameters for each surface as in Figure 3.110.

Note:The “quad” perpendicular to the surface represents the Max Size, the
thickness represents the Height and the number is the Height Ratio.
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Figure 3.110
Hexa Mesh
sizes

= EA

T

Select Blocking > Pre-Mesh Params _. > Update Size

' , make sure Method > Update all (default) is selected
and press Apply.

Turn on Pre-Mesh and (re) compute.

Turn off the Edges, Surfaces and other geometry types. Turn
on (right mouse select) Pre-Mesh > Solid & Wire. View this
initial mesh as in Figure 3.111.
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Figure 3.111
The initial
Mesh

j)  Checking the Mesh Quality

After generating the mesh, the user should check the mesh
quality. For a more complete description of the Mesh quality
criteria, refer to Help > Help Topics. The main criteria
affecting a hexa mesh are

Angle

This checks the minimum internal angle, in degrees, for each
element.

Determinant:

This calculates the determinant of all elements in the mesh,
which is a volume measurement calculated from a Jacobian
matrix.

Warpage:
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Figure 3.112
Histogram of
Angle

Hexa Meshing

This is the angle between two virtual tri faces making up a
quad face. Reported value is the worst angle of the “tri”
faces within a given element.

Select Blocking > Pre-mesh Quality . .For the Criterion,
select Angle. A histogram (bar graph) of the values will be
displayed as in Figure 3.112 Select the two worst ranges
(bars). They will be highlighted in pink.

Select with the right mouse button anywhere within the
histogram window. Make sure Show (default) is turned on
in the pull down. You may wish to turn Solid off.

|
0 3 18 27 3 45 54 B3 72 81 g ¢ Show

Ei [n] | | d

Mrare

View the highlighted elements as in Figure 3.113. Pre-Mesh
should be turned off. Turn on Geometry > Curves for
reference. Note that most of the bad elements (those with
the worst angles) are on the block corners. This is due to the
H-grid nature of the mesh within a curved geometry. Select
Done from the pull down (after right mouse selecting in the
window).
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Figure
3.113

The
highlighted
elements

in mesh

i
I
\jﬁg/l

k) Creating an O-grid in the Blocking

The best method for fixing bad angles in block corners
within cylindrical geometry is to create an internal o-grid
which will radially propagate from a central block.

First, turn back on Edges, Surfaces and Curves.

Select Blocking > Split Block @> Ogrid Blockﬁ.:g;

.This will bring up the Ogrid Block panel as in Figure 3.114.
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Figure 3.114 5 plit Black )
Creating an O-grid

— Sphit Block

Bl @
©

— Ognd Block

select Blockls) 88 &8
SelectFacels] v (N9
SelectEdgelsl 4 £
Selectvets) NS W

[ Around block(z]

Dffset |1

[ absolute

Apply | ak. I Dismissl

|
=
First Select Block(s) ¥ and either type “v” for all visible
or drag a box to select all the blocks. Note, “a” for all is not
available for blocking.

Then, select faces representing all planar geometry: INL,

SYM and OUT. Select Face(s) .' and select the face
icons as shown in Figure 3.115.

If there is difficulty in seeing the face icon, one can select a
face (or block for that matter) selecting Select diagonal
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Selected
Blocks
and
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corner vertices :ﬁh’- from the Select blocks toolbar or typing
Shft-D on the keyboard. This will allow you to select two
diagonally opposing corners that make up the face.

Use the default Offset and Apply. An o-grid structure will
be created as in Figure 3.116. Note the o-grid “passing
through” the selected faces. Radial blocks are only adjacent
to the cylinder surfaces.
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Figure 3.116
The blocking
with O grid
structure

To re-size the o-grid after it’s been created, select Edit Block

@ > Modify Ogrid , this will open the Modify Ogrid

panel as shown in Figure 3.117. Select edge(s) and
select one of the radial edges as in Figure 3.118. Enter the
Offset as 0.5, toggle off Absolute distance (default) and
Apply. The radial edge will be shrunk in half reducing the
size of the radial blocks and increasing the size of the central
block.
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Figure

3.117 Edit Block &)
Modify

OGrid — Edit Block

FETY

panel E@ @ P}_:I ;

i N

— Modify 0Grid

Methad IHescaIe Oaqrid |

— Rescale Ognd
Block Select

|7 % Al Vizible i Selected

Block |

Edge |{120}40 3

[T Abzolute distance

Difset | 0.
Apply ] Digmizs
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Figur

3.118
Modif

Ogrid
edge

Select the following Edge T

Update surface mesh sizes on the blocking: Select Pre-mesh

Params 5 > Update Size f and Apply.

Turn on Pre-Mesh and recompute.
1) Further refinement with Edge Parameters

Again, turn off Pre-Mesh. Select Select Pre-Mesh Params

ﬁ > Edge Params :\\‘ > Select edge(s) and again select
one of the radial edges.

Increase the number of Nodes to 7. Change Spacing 1 (end
near the wall) to 0.2. Turn on Copy Parameters and select
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Copy > Method > To All Parallel Edges (default). Turn on
Copy Absolute. Apply. This will carry a 0.2 near wall
spacing throughout all of the cylinder surfaces. Make any
other node distribution changes you see fit.

Turn on Pre-Mesh and recompute.

Turn off Curves, Surfaces, and Edges and view the final
mesh as in Figure 3.119.

Figure 3.119
A Solid display
of the Mesh

m) Verifying and Saving the Mesh
Select Pre-mesh Quality . change the Criterion to Angle

and Apply. Note the improved mesh quality in the
histogram in the right hand window. Also check Criterion >
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Determinant 2 x 2 x 2. Re-Apply and note the quality in the
histogram.

Save to unstructured: Right mouse select Pre-Mesh and
select Convert to Unstruct Mesh from the pull down.

Save the blocking using File > Blocking > Save as... and/or
save the Project.

Use File > Exit to quit or continue with the next tutorial.
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3.2.5: Sphere Cube

Overview

In this example, the user will employ an O-grid to fit the
topology of the region between a Cube and a Sphere. The O-
grid forms a topological bridge between the dissimilar
topologies and provides excellent element quality.

a) Summary of Steps

The Blocking Strategy

Starting the Project

Creating Parts

Starting Blocking

Creating the Composite Curve
Projecting the Edges to Curves
Moving Vertices

Creating the O-grid

Fitting the O-grid Using Prescribed Points
Setting the Inner block to VORFN
Generating the Mesh

b) The Blocking Strategy

The topology for this geometry is quite simple. The user will
first create an O-grid around the cube and then fit the inside
of the O-grid to the cube using the prescribed points of the
model which is shown in Figure 3.120.
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Figure
3.120
The
Sphere
Cube
Geomet

ry

c) Starting the Project

From UNIX or DOS window, start ANSYS ICEMCFD. File
> Change working directory to the
$ICEM_ACN/../docu/CFDHelp/CFD_Tutorial Files/. Open
the Sphere Cube project and load geometry.tin.

d) Creating Parts

As in the 3D Pipe Junction tutorial, associate the geometry
into different Parts before proceeding with the blocking.
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In the Display tree, turn on Surfaces. Right mouse select
Parts and select Create Part.

Type in SYMM in the Part field and select Create Part by

Selection & or Select entities " . Select the four
surfaces on the bottom of the geometry as in Figure 3.121.
Press the middle mouse button or Apply.

Similarly create new parts, SPHERE and CUBE referring to
Figure 3.121 as a guide.

EFHERE 11
BYHHAZD

CUHESE

CUEE-S
TIRE-] CUBE-3

SVHNH-10
SVHH 21

CUHE-2

BIHH-0

For this tutorial, we will leave the curves and points in the
GEOM.
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e) Creating the Material Point

Select Geometry > Create Body @ > Material Point, enter

Mﬂ.ﬂm
LIVE in the Part field, select either Material Point = or

Select location(s) w and click on two locations on the
displayed geometry so that the midpoint will be located
inside the volume. Press the middle mouse button or Apply.
Right or middle mouse again, or Dismiss to exit the function.

Note: The use of a Material point is not actually required. However, creating one
will “fix” the volume part name within the tetin file. This will avoid any
problems caused by the volume name in the block file not being recognized by
the tetin (geometry) file in future sessions.

Save the geometry or the project.

f) Starting Blocking

Far,]
Select Blocking > Create Block »ﬁ' > Initialize Blocks

@ .Change Type to 3D Bounding Box (default).
Select Part > LIVE (select the down arrow to get a pull down
list of parts) and Apply.

g) Creating the Composite Curves
Even though curves can be automatically grouped while
associating edges to curves, sometimes it beneficial to group
them first. One such benefit is the ability to group all curves

that tangentially meet (smooth transition at the ends of two
adjacent curves).

Select Blocking > Associate f':':}i.~> Group curves> All
tangential as in Figure 3.122. Apply.
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Figure 3.122 Blocking )
Group Ungroup curve window  Associations

RO
FVH®

— Group £ Ungroup curves—————

|»

— Achion

¥ Group Curves

™ Ungroup Curves

— Group

" Selected &+ Al tangential

Select Curves I @%

| 4

Apply ] Digrnizz

This feature needs geometry connectivity so it will ask to run
build topology as shown in Figure 3.123 Select Yes.

Note: Build Topology will generate a series of curves along all shared edges of
surfaces. It is meant as a geometry diagnostic tool but is also used to determine
logical connectivity between surfaces and to build curves and points to capture
sharp features. To invoke independently, use Geometry > Repair > Build
Diagnostic topology (not necessary for this tutorial).

SRV NSV LERMCER o)
AL SIS ICEN CHED

Tutorial Manual

7T



Hexa Meshing

Figure 3.123 A

Group curve warning window

T hiz feature needs geometny
connectivity, Do wou want o run build
topalogy?

o]

Re-Apply from the panel to group all tangential curves. All
four base curves forming the circular perimeter of the
hemisphere will be grouped as in Figure 3.124.

Figure 3.124
Grouping of all
tangential Curves

h) Projecting the Edges to Curves

' ¥
Select Associate {3\':.1> Associate Edge to Curve (\j .

Select the four bottom edges press the middle mouse button
and then select the grouped circular curve. Press the middle
mouse button or Apply. The selected edges will turn green.

Verify association: In the model tree turn on Surface > Solid
and Edges > Show Association and view as in Figure 3.125.
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Figure 3.125
Projection to
the curve and
sphere
surface

i) Moving Vertices

=y
Select Blocking > Associate @ﬂ > Snap Project Vertices

EY

‘j#h (All Visible) and Apply.

Turn off the surfaces to better view the new vertex positions
as in Figure 3.126.
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Figure
3.126
Vertice
S
moved
on the
geomet

ry

j) Creating the O-grid

An O-grid will be used to capture the cube as well as radially
propagate the mesh onto the sphere.

Select Blocking > Split Block > Ogrid Blockﬁ% .

Select face(s) F~ select the bottom face of the block and
press the middle mouse button. Note that the block will be
selected as well (Figure 3.127). Selecting the face selects
both blocks on either side. The VORFN block beneath the
face is not active, so a flat icon is shown instead of the block
underneath.
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Figure
3.127
Selectin
g the
Face
for the
O-Grid

Press Apply to create the half O-Grid.

k) Fitting the O-grid Using Prescribed Points
Use the central block of the o-grid to represent the cube.

Turn on Geometry > Points in the Display tree. Select

Blocking > Associate @> Associate Vertex (ﬁ

Make sure Point is selected under Associate Vertex -> Entity
options in the Blocking Associations panel. Select a corner
vertex of the central block then select the nearest corner
point to that vertex on the cube geometry. The vertex will
immediately snap to the selected point.

Note: When the vertex snaps to the point selected, the point will turn red. Red
designates a fixed vertex which can’t be moved unless the association is changed.
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Fitting the
inner block to
the cube with
Prescribed
Points

Hexa Meshing

Repeat to capture all eight corners. Thus, make the block fit
the cube as shown in Figure 3.128. Use F9 repeatedly to
toggle between selection mode and dynamic mode to
reorient the view (translate, rotate, zoom) whenever
necessary.

I) Discarding the Inner block

For this example, the mesh will only be generated in the
volume between the SPHERE and CUBE; therefore the
central block must be removed. Quite often, when multiple
blocks are displayed, it is difficult to select the icon
representing the block(s). One option is to select the block
by selecting a pair of diagonally opposing corners.

Select Delete Block @ and either select diagonal corner
P8
vertices Q‘./ from the Select blocks toolbar or type Shft-D

100

AASSIICEM CFD

Tutorial Manual

176



Hexa Meshing

on the keyboard. Proceed to select two corner vertices as in
Figure 3.129. Press the middle mouse button or Apply.

Figure 3.129
Removing the
central block

m) Generating the Mesh

In the Display tree turn off Blocking > Edges and turn on
Geometry > Surfaces > Wireframe.

Select Mesh > Set Meshing Params by Parts & Type in
the values as shown in Figure 3.130. Set a Max Size of 1 for
SPHERE and SYMM, 0.5 for CUBE; Height of 0.01 for
CUBE, 0.02 for SPHERE and Height Ratio of 1.2 for CUBE
and SPHERE. Apply.’
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Mesh Size
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Figure
3.131
Verifyin
g Hexa
Sizes

Hexa Meshing

Mesh sizes for parts

Part Prism HexaCore  Man Size Height Height Ratio  Num Layer
CUBE 1~ [os Joon 1.2 Jo

GEOM 1~ [o [o | Jo

LIVE r r lD—

SPHERE [~ [ [ooz [12 [o

STHM [ [o [o [o

¥ Show size params using ref size

Please Mote that Highlighted families have at least one blank field because not all entities in that fz

Apply | Disn

Verify the sizes by right mouse selecting Surfaces and turn
on Hexa Sizes (Figure 3.131).
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Mesh after
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Operation
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Select Blocking > Blocking > Pre-Mesh Params ’ >

Update Sizes Make sure Method > Update All is
selected (default) and Apply.

In the Display tree turn on Blocking > Pre-Mesh and
(re)compute the mesh when prompted. View the mesh as
shown in Figure 3.132.

n) Viewing with Scan Planes

Viewing the volume mesh can provide another good visual
diagnostic. Within blocking, this is done by means of a scan
plane, where an I, J, K or radial o-grid index plane is scrolled
through the volume.

Turn on Edges and Curves for reference. Turn off Pre-
Mesh, then right mouse select Pre-Mesh and select Scan
planes. The Scan Plane Control window will appear in the
lower right hand corner of the screen as shown in Figure
3.133.
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The Scan
Plane Control
window
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On Block Index ~ Grid Index Color
o o A T A @
T #1 |n_ﬂﬂ|1_ﬂﬂ_  coid
#2 |n_ﬂﬂ|1_ﬂﬂ_

#3 |n_ﬂﬂ|1_ﬂﬂ_ M

First, select which index plane you wish to turn on. # 0, # 1,
# 2 represents I, J, K respectively. # 3 represents the radial
(o-grid) direction. In this model, I, J, K is more or less lined
up with the global X, Y, Z coordinates respectively.

The scan plane isn’t planar! For instance, turning on # 0 will
display all the nodes of constant I index, not constant X
coordinates.

To move the scan plane toggle the up/down arrows
underneath either Block Index or Grid Index. Block Index
will increment one block at a time whereas Grid Index will
increment one node at a time.

Select will turn on the index plane perpendicular to any
selected edge.

Turn on # 0. Select the up arrow within # 0 row, Grid Index
column and keep toggling until the scan plane appears about
half way through the model Note: When you toggle from 0
to 1, notice how two planes are visible at the same time.
Along the radial (o-grid) block, I is equal to 1 throughout the
entire block.

Pick Select from the Scan Plane Control window and select
one of the edges parallel to the current Scan plane, an edge
lined up along Y. This will select a J edge and the resulting
scan plane will be perpendicular to that edge and will display
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constant J nodes (Figure 3.134). Note that the # 1 column is
automatically turned on in the window.

Figure
3.134
Scan
planes of S
: N
LN
the final ~‘T§$§
mesh SESNS
ARG
SRS
SR e
Ry
TII \'\\\

Continue to select and toggle back and forth through the
other planes as well.

Press ‘Done’ to exit the Scan Plane functions.

Check Pre-Mesh Quality “ and once satisfied convert to
unstructured mesh: Right mouse select Pre-Mesh and select
Convert to Unstruct Mesh.

Save the project within the File menu. This will save the
tetin, unstructured mesh, blocking and project settings files
all beginning with the project name.

Exit or continue on with the next tutorial
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3.2.6: Pipe Blade
Overview

This tutorial example uses the “Collapse” function to create
a degenerate topology in a Conjugate Heat transfer problem
around a blade located in the center of a cylindrical pipe.

A

w

Y
e

a) Summary of Steps
The Blocking Strategy
Starting the Project
Creating Parts in the Mesh Editor
Starting Blocking
Using Prescribed Points to Fit the Blocking
Splitting the Topology Using Prescribed Points
Collapsing Blocks to Represent the Blade Material
Edge to Curve Association on the Blade

Moving the Vertices
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Generating the O-grid
Defining Surface Parameters for the Mesh
Defining Edge Parameters to Adjust the Mesh
Checking mesh quality for determinants and angle
Saving before Quitting

b) The Blocking Strategy

In this lesson, the blade is regarded as a Solid region, while
the region surrounding the blade is regarded as the Fluid
region. Using Block Splitting at “Prescribed point”, the user
will generate a Hexahedral Mesh for both of the regions, so
that the topology of the solid region is a degenerate
‘Hexahedral’ mesh.

Before the user employs the Collapse function for his/her
own applications, confirm that the solver accepts
degenerated hexas (for a structured solver) or penta 6
elements (prism) for an unstructured solver.

Note: Settings >Selection>Auto pick mode should be turned
OFF for ANSYS ICEM CFD to behave exactly as this
tutorial describes.

c) Starting the Project

From UNIX or DOS window, start ANSYS ICEMCFD. Go
to File > Change working directory. Change the directory to
$ICEM_ACN/../docu/CFDHelp/CFD_Tutorial Files>PipeBl
ade. The top ICEM Installation directory is referred to as
“$ICEM_ACN” here. Go to File>Geometry>Open
geometry and choose the tetin file geometry.tin.

d) Creating Parts in the Mesh Editor

Right click in the Display Tree on Parts > Create Part to
create different Parts and assign the different surface of the
geometry to the appropriate part. Refer to Figure 3.135 for
the Surface part assignments.
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e) Surface Parts

After the Pipe Blade project is open, activate the Points and
Surfaces from the Display Tree. Switch on Points > Show
Points Names.

Begin the Surface part reassignment by changing the region
enclosed by GEOM/4 - GEOM/7 to the part INLET.

The region that is denoted by GEOM/0 - GEOM/3 should be
reassigned to the part OUTLET.

The Surface defining the Cylinder pipe will be placed in the
Surface part, CYL.

The surfaces belonging to the solid blade in the middle of the
cylinder should be classified as BLADE.

When all of the Surface parts have been assigned (INLET,
OUTLET, CYLIN, BLADE), press the middle mouse button
to exit from continuous mode.
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f) Curve Parts and Point Parts
For this tutorial, we will leave the curves and points assigned to the initial

part GEOM.

g) Creating the Material Points

};«hﬁ'i
Select Geometry > Create Body > Material Point =
Enter FLUID in the Create Body window that appears. The
material point that will be created will help us to keep the
FLUID region separate from the SOLID region, but is not
necessary since blocks can simply be created in the FLUID
part rather than creating a material point.

With the left mouse button, select two locations on the
opposite sides of the cylinder, shown in Figure 3.135. Note
that the FLUID material point should not be within the
BLADE. If tetra meshing, this location would be important.
With Hexa meshing, it is not. Press the middle mouse button
to accept the selection, and press Apply and the Body name
FLUID should appear within the geometry (midway between
the selected locations). Rotate the model to confirm that
FLUID is in an appropriate location.

Now enter SOLID as the new Part Name in the Create Body
window.

Press the location selection icon w and select two
locations on the blade surfaces so that the midpoint will be
inside of the blade. Press the middle mouse button to accept,
and press Apply. After accepting this Parts assignment,
dynamically rotate the model to confirm that SOLID is
inside the blade.

When this is complete, all components of the Geometry
should now have part name assignments.

Delete any Empty Parts: From the Display Tree, right
mouse select on Parts > Delete empty Parts.
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File > Save Project As to save the updated model before
continuing on in this tutorial. Give the project any name you

choose.
h) Blocking
Initialize blocking, which will create the first block, by going
q @
to Blocking > Create Block ‘ﬂ > Initialize Block .
The Create Block window will open as shown in Figure
3.136
Figure 3.136 Create Block

Create block window

Part |FLUID | =

— Create Block

sl A

— lmithahze Blocks——————

Type |3D Eounding Box j

Entities [point GEO

[T Project vertices

[T Orient with geometn

[~ 2D Elocking

Apply || Ok I [rizmiz= |

Select the block Type as 3D Bounding Box from the pull
down arrow. Name the Part as Fluid. Press Apply without
selecting anything, and the initial block will be created
around the whole model.
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To fit the Initialized Blocking more closely to the geometry,
the user will associate vertices to points.

_-*_ -
¥
Select Blocking > Associate ré:u > Associate Vertex (ﬁ
and the window shown in Figure 3.137 will open. Toggle
ON Geometry > Points and right mouse click on Vertices >
Numbers under Blocking from Display Tree. Then toggle

ON Blocking > Vertices.
Figure 3.137 Blocking ]
Associate vertex window Aszsociations =
— Edit Azzociations -

e
s Y

— Associate Yertex -
E ntity

 Self & Point

i Curve 7 Surface

Werten | 42

.ﬁ
Pairt |GEOM/7 P g

Apply k. Dlizmizz |

Select Point under Entity.
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Figure 3.139

Hexa Meshing

Press the vertex selection icon 1}'r"‘:‘!"and select Vertex 42.

Press the point selection icon ) and select Point GEOM/7
and press Apply to associate them as shown in Figure 3.138.
Similarly, associate the other vertices and points for the inlet
and outlet so that after completion the geometry should look
like as shown in Figure 3.139

Geometry after associating all vertices to corresponding points
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Note: When possible, the Block vertices on any circular geometry should be
placed so that edges are equal in length and the angles between edges are 90
degrees. This amounts to vertices being placed at 45, 135, 225, and 315 degrees
around the circle. This results in the best mesh quality.

i)  Associating edges to curves

Select Associate @>Associate Edge to Curve (\; .The

window shown in Figure 3.140 will open. Press the edge

selection icon d& then select the four edges shown in
Figure 3.141 and press the middle mouse button. Then press

the curve selection icon '5%_ and select the four curves
shown in Figure 3.140 and press the middle mouse button.
Then press Apply. Notice that the block edges then
transform from “white’ to ‘green’, confirming their
association with the curve. Also notice that the four curves
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become one color, indicating that they have been grouped
into one curve.

F|g ure 3.140 Blucking @
Association window Aszociations =

— Edit Associations .

%T@%%
R Ve

—Associate Edge -> Curve——————————
Edoels) 1222600126 *i8
Curvels] |GEOM/22 &

[T Project vertices

[ Froject to surface intersection

r Froject ends to curve
Intersechion

Apply k. Dizmizs |
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Figure 3.141 Select these edges
Edges and Curve

selection for
association

Select these curves

Similarly, associate the four edges on the other circle to the
corresponding four curves. To see a confirmation of these
associations, right mouse click on Blocking > Edges > Show
Association in the Display Tree. The geometry should look
as shown in Figure 3.142
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Figure
3.142

The Edge
Projection

Note: If the edges lie on the geometry, as is the case with longitudinal edges, the
projection arrows are not shown. By default, all external edges are surface-
associated to the nearest active surface and appear as white. The association can

be set to this default using Associate @ > Associate Edge to Surface ﬁ .

This operation is useful to correct any Edge to Curve Association mistakes. All
internal edges, by default, have no association, and appear as blue. You can set

this association, which is really deleting an association, by pressing% .
j)  Grouping curves

Note: This section does not need to be performed on the model, but it
shows the user how to manually group curves.

Select Blocking > Associate @> Group curves. It will open
the window as shown in Figure 3.143.
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Figure 3.143 Blocking &)
Group curve window Azzociations =
— Edit Associations -

GG EY
VW

— Group £ Ungroup curyes——————

— Action
% Group Curves

" Ungroup Curves

— Group

& Selected Al tangential

Select Curves [GEOM/ZT 48

Apply | ] Digmizz |

Select the four curves corresponding to OUTLET as shown
in the figure and press Apply to group them.

k) Splitting the Topology Using Prescribed Points and Screen Select

The following steps instruct the user to split the block in the
‘k’ and j’ directions around the blade, thus creating further
blocking topology for the blade. The k-direction splits will
be created through the prescribed point method, while the j-
direction splits will be made by visual judgment.

Press View > Top, then Fit Window EI
Turn off Vertices at this stage.
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Choose Blocking > Split Block \@ >Split Block iﬁ ’

and it will open the window as shown in the Figure 3.144.
Choose All visible and Split method as Prescribed Point.

Select the edge selection icon then select one of the
*

*
two vertical edges. Press the point selection icon then
select the Prescribe point, GEOM/9 and press Apply.

Similarly, make another split using the vertical edge and
Prescribed Point, GEOM/S.

Similarly, make another horizontal split through the
prescribed point GEOM/12. The final result will have three
horizontal splits as shown in Figure 3.145.

Note: Make sure that the Edge that is selected lies within the range of the
Prescribed Point that will be selected.
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Figure 3.144
Split block window
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Splt Block

— Split Block

BE >SN
%

— Split Block

Block Select
|7F allvisible 7 Selected

Black | @
Edge [41 421 AN

[T Project vertices
— Spht Method

Split bMethod IF'rescriI:ueu:I poink j

Paint [GEOM/A  §&

L« |

Apply | ] Digmnizz
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Make the
horizontal splits in
the block
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SEOH. R

SEOM.§

JaEON

g0

\CEOM

12

11

SEOM. A

SEOM 0

These are the splits in the ‘k’-direction. The next set of splits
will be in the ‘i’ direction.

Now select the Split method as Screen select. Press the edge

¥
selection icon

WASSITCEM CFD

and select any of the horizontal edges to
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create a vertical split. If Settings>Selection>Auto pick mode
is OFF, press Apply, and it will ask for a location on the
screen to split through. Select on a curve or edge on any
location that is vertically in line with the right side of the
blade. If Auto pick mode is ON, you should left mouse click
on the edge and hold the button while dragging the split to
where you want it. Press the middle mouse button to
complete the split operation. Then use the same method to
create another vertical split on the left side of the blade.
These two splits should show as in Figure 3.146.
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Figure 3.146
Horizontal splits on blade sides FOMR B8], g
SEOMARD
HD 13
EOM-B1
SEOHk 2 SEOH T
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Note: Every time a block Split is performed, the Index control is updated. After
the splits are complete, the new range of the K index will be from 0-6.

I) Collapsing Blocks to Display the Blade

In this section, the Collapse feature is introduced to create
degenerate blocks for the blade.

For clarity in these operations, right mouse click in the
Display tree on Blocking>Index Control. Change the Index
control for the ‘I’ dimension so that the Min is 2 and the
Max is 3. Turn OFF the Points from the Display window.
The restricted topology consists of four blocks, where the
two center blocks belong to the blade.

Before collapsing the blocks, change the Part family of the
two center blocks to SOLID, the material representing the
blade.

Right mouse click on SOLID>Add to part underneath Parts

in the Display Tree, and it will open the Add to Part window.
PN

Select Blocking Material, Add Blocks to Part S , and

select the blocks of the blade as shown in Figure 3.147, then

press the middle mouse button. Press Apply to complete the

operation.
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Figure
3.147
Assignin
g the
blade
blocks
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Now select Blocking > Merge Vertices *I: > Collapse

Block E i .

Choose the edge that should be collapsed. In this case it is
the shortest edge (shown in Figure 3.148) of the selected
blocks. Select the two blocks shown in Figure 3.148. Press
Apply to Collapse the blocks.
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Collapsi
ng the
blade
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Select this edge 7 Merge Vertices D
1 [’/ — Merge Vertices

e sa g

Collapse Blocks

Collapze edge I{ 22802 "%
Blacks [37 34 Y

Apply | ak. I Dismissl

After collapsing we get the model as shown in Figure 3.149.
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Figure 3.149
The Collapsed
Blocking

m) Edge to Curve Association on the Blade

Choose Blocking> Associate {%>Associate Edge to Curve

(_\; .The Associate edge to curve window will open as
shown in Figure 3.150.

Note: Make sure Project Vertices is disabled.
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Figure 3.150 Blucking ﬂ@
Association Edge to Asszociations =
Curve Window

o e
R e

— Aszsociate Edge -» Curve

Edgefs) [{12613001{12212601 ¥\

Curve(s] |I3EEIM£25 GEOM/2E E?l

[ Project vertices

[ Project to suface interzection

Project ends to curve
I i
Ihterzection - I

Apply ] Digmizs |

You should associate the Edges and corresponding blade
curves as shown in Figure 3.151.Do this to the top and
bottom of the blade, on both sides.

After associating, Switch on Blocking > Edge > Show
Association from the Display Tree. The geometry should
look as shown in Figure 3.152
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Figure 3.151
Blade edges to be
association to curves
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Figure 3.152
Blade edges
Associated to curves .
HE
—L26
g4
-

n) Moving the Vertices

This section shows the user how to move all the associated
vertices onto the geometry in one step.

Snap the appropriate block vertices onto the geometry by

1:” ‘|' . . ks
selecting Associate el > Snap Project Vertices " All
Visible should be toggled ON. Then Press Apply.

Switch off Edges > Show Association. All the vertices
belonging to blade, inlet and outlet are moved to the
locations as shown in Figure 3.153.

ANSYESHOEMCER-10:0

WASSITCEM CFD

Tutorial Manual



Figure
3.153
The final
positions
of the
vertices
before
the O
grid
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0) Vertex Color Distinction

Notice from this lesson and from previous lessons, that the
movement of the vertices is restricted to the associated
Curve. The colors of the vertices indicate their associations
and degrees of freedom.

Vertices associated with Prescribed Points are red and are
fixed at a point.

Vertices associated to a curve are green and can be moved
on the associated curve.

By default, all the vertices lying on the block material
boundary are white and are free to move on any surface.

Additionally, internal surfaces are blue and can be moved
along the blue block edges to which they are connected.
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p) Generating the O-Grid

If the pre-mesh is generated at this point, the existing
blocking would result in skewed cells on the four ’corners’
of the pipe. Converting the existing H-Grid type topology to
an O-grid type topology inside the pipe will produce a mesh
that is low in skewness, with orthogonal grid on the pipe
walls. The following steps will improve the overall mesh
quality.

P 1
Press Blocking >Split Block .,ﬁ., />0 grid Block | %

Press ﬁ and select all the Blocks of both the FLUID and
SOLID regions since the O-grid will be added in the entire
pipe as shown in Figure 3.154. Press the middle mouse
button to accept.

Similarly, press ¥ and select the two INLET faces and
two OUTLET faces as shown in Figure 3.154. Press the
middle mouse button to accept, and Press Apply to create the
O-grid.
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Figure
3.154
Add the
faces of
the outlet
and inlet
to O-grid

After creating the O-Grid, the blocking will appear as shown
in Figure 3.155.

Figure
3.155
The O-grid

g) Defining Surface Parameters for the Mesh

In this step, the user will define node distributions on the
blocking using surface parameters. Surfaces should be

ANSYESHOEMCER-10:0

AWM TCEM CFD Tutorial Manual



Hexa Meshing

turned ON in the Display Tree so they can be selected from
the screen.

Select Mesh> Set Surface Mesh Size q‘ and select the

surface selection iconﬁ. Then select all the surfaces by
box selecting the entire model or pressing “a.” Enter the
Maximum Element size as 0.3, Height as 0.03 and Ratio as
1.25, as shown in Figure 3.156

Figure 3.156
Surface mesh Surface Mesh Size &

size window
Surface(s] |GEOMAE GEOM, '@

b amirmum zize |EI.3
Height |0.03
Height ratio |1.25

e

Mumnber of lapers IEI

Tetra zize ratio |EI

kinimum zize | 0

b ax deviation |EI

Blark surfaces with params |

Apply k. Digmizs

Press Apply to assign the surface parameters. Display the
surface parameters by right mouse clicking in the Display
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The
surface
paramete
rs

Hexa Meshing

Tree on Geometry> Surface > Hexa Sizes. The surfaces will
show hexa icons as shown in Figure 3.157.

Switch OFF Surface > Hexa Sizes.

r) Defining Edge Parameters to Adjust the Mesh

Although it may be enough to define the meshing with
surface parameters, the mesh quality of more complex
models can be improved by defining additional edge
parameters. Perform these next steps to redistribute points
along the diagonal (radial) edge of the O-grid.

For the convenience of selecting the edges, right mouse click
in the Display Tree to turn ON Vertices > Numbers and
Edges > Bunching. Then make sure Vertices in ON. Zoom-
in on the OUTLET area of the blocking.

Select Blocking >Pre-mesh Params ﬁ >Update Sizes

9 .Make sure Update All is toggled on, and Press Apply.
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Mesh before
changing mesh
parameters
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This will compute the node distributions on the blocking
edges from the surface parameters.

Turn ‘ON’ Blocking > Pre-Mesh from the Display Tree.
Press Yes, when it says, Mesh is currently out of date —
recompute?

Right click on Blocking > Pre-Mesh>Solid & wire in the
Display Tree to display the mesh in Solid/Wire for better
Visualization. The mesh will look like as shown in Figure
3.158 when viewing the OUTLET.

The mesh is denser at the walls. The near wall elements will
have the same initial height that was set on the surface
parameters, which was 0.03. It may be desirable to have
denser near-wall spacing.
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Select Blocking >Pre-mesh Params ﬁ >Edge Params

;\' and you will see the window shown in Figure 3.159.
Turn OFF Blocking > Pre-Mesh so the edges can be easily
seen and selected. Select any of the “radial” edges. These
are the edges created by the O-grid that are oriented radially
in relation to the grid lines that run circumferentially around
the tube. Or you can select the same edge shown in Figure
3.159, which is the blocking Edge 196-118. Set Spacingl to
0.015, which is half the previous value. Set Spacing2 to 0,
which will allow it to go as large as possible. Increase the
number of nodes to 13 so the Ratiol (1.25) can be met.
Enable ‘Copy Parameters’ and select Method ‘Copy to
Parallel edges’ to duplicate these settings on parallel edges in
the blocking. Then press Apply.
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Figure 3.159 Pre-Mesh Params @
Setting edge meshing parameters

—Mashmg‘ Parameters ———————————— a

@
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r Spelinked Select|  Peverce |
Ristia 2 [1 25 f 1=
MexSpace [0268951 00959593
[T Specing Selahve
™ Maodes Locked
™ Peramelers locked
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Selection of
edge for
changing
Parameters
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_1/ 10
m//‘%\ 3
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69

Note: Spacingl is the first element size at vertex 118 while spacing? is the first
element size at vertex 196. Side 1 and Side 2 are indicated by the direction
arrow that displays on the edge after it is selected.

Switch OFF Edges > Bunching in the Display Tree.

Switch ON Blocking > Pre-Mesh in the Display Tree. If you
right click on Blocking > Pre-mesh, you should see Project
Faces checked ON by default. Choose Yes when asked to
recompute the mesh. Switch OFF Geometry, Vertices and
Edges in the Display Tree.

Turn off the SOLID volume part name from the Display
Tree and right click in the Display Tree to turn on Blocking
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The final
mesh
displayed
in Solid &
Wire
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> Pre-mesh > Solid & Wire if it is not already on. See
Figure 3.161.

s) Checking mesh quality for determinants and angle

To check the mesh quality, select Blocking >Pre-mesh

Quality Histogram . .The window shown in the Figure
3.162 will open. Select the criterion as Determinant (3x3x3)
and enter the Min-X value 0, Max-X value 1, Max-y height
12 and Num of bars 20. Press Apply. The histogram shown
in Figure 3.162 will display at the lower right.

A value of determinant greater than 0.2 is acceptable for
most commercial solvers.
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Figure 3.162 Pre-Mesh Quality P
Pre-mesh quality
window while selecting  Ciiterian [Determinart 2x2x2 =

Determinant 2x2x2

Figure
3.163
Histogram
showing
Determina
nt 2x2x2

— Histogram Options - — ——
Min-» walus |I]
e wvalus |1
Meuey height |12
Mum. of bars |EEI

[afe] [4lp]

Apply | Ok Dismiss |

Deter

Db 02 03 04 05 08 0OF 08

Then, in the Pre-Mesh Quality window at the upper left,
select Angle from the Criterion pull down. Enter the values
as shown in Figure 3.164 and press Apply. A new histogram
will appear for the internal angles of elements as shown in
Figure 3.165.
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Figure 3.164

Pre-mesh quality Pre-Mesh Quality ‘@
Window while

selecting Angle Criterion |&ngle |

— Hiztogram Options

kin-= walue | 0

b & wealue |E|I:I

Mawt height |12 2
Murn. of bars |2EI j'
Apply | k. Cancel

An angle greater than 18 degrees is acceptable for most
commercial solvers.

Figure
3.165
Histogram
showing
Angle

Note: As taught in the 3DPipeJunct example, to display cells of a particular
determinant or angle value, select a histogram bar and then select Show. Cells
within that range will be highlighted. The user should then inspect the elements
and decide on a solution. In most cases, block vertices can be moved or edge
parameters can be changed to improve the area.
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t) Running Pre-mesh smoother

Before converting the Pre-mesh to an unstructured or
structured mesh, the user may choose first to smooth the
mesh.

Select Blocking > Pre-mesh SmoothE.The Pre-mesh
smooth window will then appear. Select the Method as
Quality. Select the Criterion as Angle and enter Smoothing
iterations 3 and Up to quality 0.5 as shown in Figure 3.166

Figure 3.166
Pre-mesh smooth window Pre-Mesh Smooth 2l
— Smooth Method -
Methad | Cuality |
Smoothing iterations |3 ﬁ

Ip ta quality |EI.5
Criteriar |.-’-'-.ngle ﬂ

— Advanced Options
[T Only vizible subsets
[T Active parts only

[ Laplace smoathing

Apply k. Cancel |

Press Apply to smooth mesh. Changes in the minimum
angle of the mesh can be seen in the histogram as shown in
Figure 3.167. The node position changes made by the pre-
mesh smoother will not be saved to the blocking. So
reloading the blocking and computing the mesh will always
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produced the mesh before smoothing. So at this point, you
should not recompute the mesh.

Figure 3.167
Histogram after
running
smoother

u) Saving

Select File > Blocking > Save blocking As and enter a name,
such as bl.blk. Saving the blocking will allow the user to
change any meshing parameters in the future by reloading
the blocking onto the geometry.

To write the mesh in an unstructured format, right mouse
click in the Display Tree on Blocking>Pre-mesh>Convert to
Unstruct Mesh. This will write the default name “hex.uns”
to the working directory, and immediately load the mesh.
To save the mesh to a different name, the user can then
select File>Mesh>Save Mesh As.

To write the mesh in a structured format, right mouse click
in the Display Tree on Blocking>Pre-mesh>Convert to
MultiBlock Mesh.

Finally, save the project.
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3.2.7: Elbow Part

Overview
In this tutorial example, the user will generate a hexa mesh
for a three-dimensional elbow intersected internally by a
Cylinder.
Sy
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The Blocking Strategy
Starting the Project
Creating Parts
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Creating Material Point
Starting Blocking
Splitting the Blocking Material
Fitting the Computational Domain to the Geometry
Creating the First O-grid
Creating the Second O-grid
Generating the Mesh
b) The Blocking Strategy

For this model, the user will make two internal O-grids
inside of an “L” shaped blocking.

The first O-grid will create the internal cylinder hole.

The second O-grid will improve the mesh quality within the
main elbow-pipe.

c) Starting the Project

Start ANSYS ICEMCFD. File > Change working directory
to

$SICEM_ACN/../docu/CFDHelp/CFD_Tutorial Files>Elbow
Part. Use File > Geometry > Open geometry and choose
geometry.tin.

Note: Settings >Selection>Auto pick mode should be
turned OFF for ICEM CFD to behave exactly as this
tutorial describes.

d) Creating Parts

Like the previous two tutorials, the user will need to assign
and create the Parts before blocking is to be performed. Use
the Part > Create Part functions within the Display Tree to
change the Part for the surfaces. The following steps will
lead the user through this process.

In the Display Tree turn ON Surfaces and right click on Parts
> Create Part. Type IN next to the Part name. The Create
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Part by Selectioné icon should be selected by default.

Select the entity selection icon v and select the surface of
the geometry labeled as IN in Figure 3.168, and then press
the middle mouse button to accept. Press Apply to create
new part.

Refer to Figure 3.168 as a guide to assign the other surfaces
to the Parts IN, ELBOW, CYL, and OUT.

When all of the Surfaces have been assigned to their
respective PARTS, press the middle mouse button to end
selection, and press Dismiss to exit from the ‘Create Part’
Window.

For this tutorial, we will leave the Curves and Points
assigned to the initial family, GEOM.

e) Creating the Material Points

}é&li.t?l
Select Geometry > Create Bodyﬁ > Material Point*=
The Centroid of 2 Points location should be selected.

Enter FLUID for the Part name.

With the left mouse button, select two locations on opposite
sides of the elbow, so that the midpoint is inside the
ELBOW and outside the CYL, as shown in Figure 3.168.
Press the middle mouse button to accept the selection, and
press Apply to create the material point. The Body name
FLUID should appear within the geometry. Rotate the model
to confirm that FLUID is in the appropriate location.

In a similar way, create a material point with the Part name
DEAD inside the cylinder.

File > Geometry >Save Geometry As (geometry) file to save
the updated model before continuing on in this tutorial.
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Figure 3.168
The geometry of P

the Elbow Part N T~ 'l

with the labeled 1N~ Fo cvL
Surfaces and ™~ -

Material [ J /s RN
N/ . e
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f)  Blocking

Select Blocking > Create Block ﬁé > Initialize Block @
.The window is shown in Figure 3.169. Choose
3DBounding Box from the Type pull down if not already set.
Enter FLUID in the Part name, and make sure Orient to
geometry is OFF. Press Apply to initialize the first block
around everything.
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':ig?“‘? 3.169 . Create Block '@
Initialize Block Window =

Part |FLUID =

— Create Block

sk X2

— Initialize Blocks=

Tupe |3D Bounding Box j

E ntities |

[~ Project vertices

[T Orient with geometmy

[ 20 Blocking

Apply ] Dismizz |

Note: If nothing is selected in the entities window. Then by default it takes all the
entities.

To achieve the “L”-shaped blocking topology shape for the
elbow, the user will make two block splits and discard a
block. Deleting a block without “permanently” checked will
only move the block to VORFN.

Turn ON Curves from the Display Tree and select Blocking

> Split Block {6 > Split Block f@ to open the window
shown Figure 3.170. The Split method should be set as
Screen select by default. Create splits as in Figure 3.171 by
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selecting any edge that you want the split to run
perpendicular through. Press Apply, and then select a
location for the split to run through, and press the middle
mouse button to accept. Make two splits as shown in Figure
3.171.

Figure 3170 Split Block @)
Split blocking window

— Split Block -

BE >SN
%

— Spit Block
Block Select
|7 & AllVisible " Selected

Block. |

@

Edge | 22 251

[ Project vertices
— Split Method

Split Method IScreen gelect |

Apply (] 4 Dismizz |
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Figure 3.171

The two Block Splits /_’ — —7f—
/N / /
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|

Next, select Blocking > Delete Block @, and select the

block shown in Figure 3.172. Delete permanently should be
turned OFF, then press Apply.
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Figure 3.172
Deleting a
block

Assign this block to YORFN

g) Fitting the Blocking to the Geometry

Here, the user will associate blocking edges to geometry
curves, and move vertices onto the geometry.

Select Associate @ > Associate Edge to Curve E and
turn ON Project vertices. Select the four edges surrounding
the IN part as shown in Figure 3.173, and press middle
mouse button to complete selection. Next, select the four
curves shown in Figure 3.173, and press the middle mouse
button to complete selection. Press Apply to associate the
edges to the curves.
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Figure 3.173 Edges to he selected
Selection of edges and
curves for association

Curves to b

Qq_—___hh——_
er:té/
-~

In the same way, select the surrounding four edges and
curves of the OUT surface for association.

Note: With those edges associated to the appropriate curves, the other (surface
associated) vertices can be automatically moved onto the geometry to the nearest
active surface.
. I . :
Select Blocking > Associate e > Snap Project Vertices
LT

L'r L

to open the window shown in Figure 3.174. All
Visible should be toggled on by default. Then Press Apply.
Figure 3.175 represents the completion of these operations.
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Figure 3.174 Blucking
Snap Project vertices window Azzociations

GO
R R

— Snap Project Yertices

Yertex Select
|7F Al izible " Selected

Yertices | i
[T Move 0-Grid nodes
Apply ] Dismizs

Note: View > Right can be used to orient the model as seen on the left in Figure
3.175. View > Isometric can be used to orient the model as show on the right
inFigure 3.175.
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Before creating the two O-grids, it will be necessary to move
two of the vertices slightly from their present position.

Select Blocking >Move Vertex £$> Move Vertex ﬁ

to open the window shown in Figure 3.176. Orient the model
as shown in Figure 3.177, and move the vertices to their new
position as indicated in Figure 3.178 and Figure 3.179.
You’ll need to left mouse click on the vertex and hold the
button while you slide the vertex on the surface.
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Figure 3.176
Movement constraints window

Move Yertices

— Move Yertices
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=

— Move Yertex

Method |Single |
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— Movement Constraints
[T FixX
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[ Fix direction
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Figure

3.177 Vart] oved
Vertices to
be moved /\
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Figure 3.178
Vertex positions after
moving

FLIID

Figure 3.179 Vertex positions after moving
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h) Creating the First O-grid

This tutorial focuses on the flow outside of the internal pipe.
Thus, in generating the first O-grid, the user will essentially
partition the volume around the small internal pipe so that
part of the blocking may be removed.

Select Blocking >Split Block iﬁ - Ogrid Block q?;

.Within the O-grid Block window, press the Select Block(s)

. gi button. A long, horizontal selection window will
appear at the upper right. Press the last button, called

“Select diagonal corner vertices” @, and select two
corners diagonally spanning the blocks in which we want the
O-grid. Selecting the vertices ‘a’ and ‘b’, as specified in
Figure 3.180 will work well. Press the middle mouse button
to finish selection.

Since we want the cylinder to pass through the top and

bottom of the geometry, press the Select Face(s) ¥
button. Again, press the “Select Diagonal corner vertices”

E button and select the face defined by vertices ‘a’ and

‘c’. Then press the @Gbut‘con again and then select
vertices ‘b’ and‘d’. Refer to Figure 3.180. Press the middle
mouse button to finish selection, and press Apply to create
the first O-grid.
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Figure
3.180
Creating
the first O
grid

After creating the first O-grid, the geometry will appear as
shown in Figure 3.181.

Figure 3.181
Assigning the block to DEAD
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Figure 3.182

Projecting the inner block to the

small pipe curves

Hexa Meshing

Next, the user will assign the material inside the cylinder to
the DEAD part. This will remove this region from the mesh
if it is computed with the DEAD part turned off.

Right mouse click in the Display Tree on Blocking > Index
control. You’ll see a window appear at the lower right.
Change the Min for O3 from 0 to 1. You can press the up
arrow or type the number and press the enter key on the
keyboard. You should then only see the blocking shown in
Figure 3.182.

Right mouse click in the Display Tree on Part>Dead>Add to

part. Select the Blocking Material, Add blocks to Part ﬁ

button. Press the Select Blocks - button, and then box
select the entire model or press ‘v’ on the keyboard. Press
the middle mouse button, and then press Apply. The
selected blocks will then be assigned to the DEAD part.
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@ . (’(:3
Press Associate “ai > Associate Edge to Curve to
open the window as shown in Figure 3.183. Make sure that
Project vertices are ON.

Figure 3.183 Blocking ]
Associate edge to curve window Azzociations =

—Edit Associations —————————
P e E A
D
— Aszsociate Edge -> Curve

Edgelz] ({103 113 ”ﬁ
Curvefs) [GEOMAT &8

¥ Project vertices

|»

[ Project to suface interzection

r Project ends to curve
Intersechon

L |

Apply k. Digmizs

Now Associate Edges 9, 10, 11, and 12, to CURVE D using
Figure 3.182 as a guide.

Referring to Figure 3.182, associate Edges 13, 14, 15, and 16
to CURVES by selecting both curves. Displaying the
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Blocking > Edges > Show Association in the Display Tree
should look like Figure 3.184

Figure 3.184 =
The edges to Curve
projection

From the Display Tree widget, turn on Surfaces.
i) Moving the remaining vertices.

Notice the association arrows pointing to the outside
surfaces of the elbow part in Figure 3.184. If we were to
snap project vertices now, these vertices would move
outward to the elbow part surfaces. So you must turn OFF
the ELBOW part from the Display Tree, so that the vertices
will not go to that part.

® >,
Go to Association e > Snap Project Vertices - All
Visible should be toggle on by default. Press Apply. The
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model should look like Figure 3.185. Then press Reset at
the lower right where the Index Control window is located.

Figure 3.185
After the projection

Use Blocking > Move Vertex E§> Move Vertex ﬁ to

improve the placement of the vertices on the cylinder. See
Figure 3.186.

Turn the ELBOW part back on.

Figure 3.186
Vertex positions after moving
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Before

j) Creating the Second O-grid

The following steps instruct on how to add the second O-grid.

Choose Blocking > Split Block @ >Qgrid Blockﬁ%.

Press Select Block(s)@ , and then select all the blocks by
box selecting over the entire model and clicking the middle
mouse button or pressing “v” on the keyboard.

Now add the faces on the inlet and outlet by pressing Select

Faces® |, and selecting all the faces on the IN and OUT as
shown in Figure 3.187. There are five faces on the OUT part
and one face on the IN part. If you select the wrong face,
right mouse click to deselect the last face. Press the middle
mouse button after selecting the correct faces.

Press Apply to create the O-grid, which should appear as
shown in Figure 3.188
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Figure 3.187
Select the FLUID material and
add faces for the O grid

Figure 3.188
The second O-grid
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To resize the O-grid, select Blocking > Edit Block@ >

Modify O-Grid +#=+ to open the window shown in Figure
3.189. Choose Rescale O grid from the dropdown.

Figure 3.189

o Edit Block )
Rescale O-grid window
— Edit Block -

@SV E
Vi N

— Modify 0Grid

M ethod IHescaIe Ogrid |

— Rescale Ognd
Block Select
|7 i Alvisible  © Selected

Block. |

@

Edge [{131}40

[T Absolute distance

Offset |0.5

L |

Apply | k. Dizmizs |

Select any of the small radial edges of the second O-grid.
Figure 3.1903 shows one of these radial edges that you could
select. Enter an Offset value of 0.5. With Absolute distance
turned OFF, this value is a relative distance. This means it is
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Edge to be selected for

rescaling

Hexa Meshing

a multiple of the original edge length, which is given as 1.
Setting the offset to 0.5 will reduce the selected edge to half
the length. It will do this for all the radial edges of the O-
grid. This is why it doesn’t matter which radial edge is first
selected. Press Apply to rescale the O-grid. This will result
in a better element quality.

Edge to he selected

k) Generating the Mesh

Select Mesh > Set Surface Mesh Size ‘ and box select all
surfaces followed by clicking the middle mouse button or
press “v” on the keyboard. Enter the following parameters
as shown in Figure 3.191.

Max Element size 5, Height 1, and Ratio 1.5. Then press

Apply.
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Surface mesh size window
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Surface Meszh Size '@

Sufacels) [Tl 0 A .-

b aRirum size |5

Height |1

Height ratio | 19

le

Murnber of lapers |EI

Tetra zize ratio |EI

Mirirum zize | 1]

b ax deviation |EI

Blank surfaces with paramsl

Apply | k. Digmizs |

Before generating the mesh, there is an additional step that
will improve the quality of the mesh.

Select Blocking > Move Vertex f§.> Move Vertex 'f%-

and reposition the vertices indicated in Figure 3.190 to
improve the denoted angle. Under Movement constraints,
select Fix X and Fix Z. Then press the vertex selection

button ® and left mouse click and hold to move the vertex
down the CYL tube. Figure 3.192shows the before and after
pictures of the vertex positions. Notice that the vertices only
move up and down the Y-axis.

ANSYESHOEMCER-10:0

WASSITCEM CFD

Tutorial Manual



Hexa Meshing

Now turn OFF Fix X and Fix Z. Then move the two vertices
shown in the second part of Figure 3.192, by selecting on the
small blue radial edge close to the vertex, but do not select
on the vertex itself. Internal vertices (blue) move in the
direction of the edge selected on that is connected to the
vertex.

Figure 3.192

) . Move Vertices
Move vertices window @

Move Vertices T -

i f e N
=,

—Move Yertex
Method fEingIE :J

O e

—Movement Constraints ———

W Fixx
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I~ Fix diraction
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Press the middle mouse button to finish the operation.

Note: These two minor vertex adjustments will decrease the acuteness of angle in
the blocking and improve the overall quality of the mesh.

Figure 3.193
Moving the vertices

Move these vertices down

N

! \\ To improve this angle
| = g
\\X

5

Ve

ol

|
\

Figure 3.194
Vertex positions after moving, which shows the improved angle
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S S

—

Qs

Select Blocking > Pre-mesh Params _ﬂ > Update

Sizeﬁ. For Method, ensure that Update all is toggled
ON. Then press Apply. This will reapply the any surface
and curve parameters to the blocking edges, which is
necessary after any new edges are created through blocking
splits or O-grid creation.

Before computing the Pre-mesh, turn the DEAD part off so
that the mesh is not computed for that part.

In the Display Tree, right click on Blocking > Pre-mesh and
ensure that Project Faces is checked. Then turn ON the Pre-
mesh, and choose Yes when asked to recompute mesh.

Switch off Edges and all geometry in the Display Tree to
view only the pre-mesh.

The final mesh should look similar to Figure 3.195.

To get a good quality mesh, check angles and determinants,
view the lowest histogram bars, then inspect the lowest
quality elements and decide which blocks they exist in and
which vertices need to be moved and what direction. After
adjusting vertices, turn the Pre-mesh OFF and ON again to
recompute the mesh. Try to get determinants above 0.3 and
angles above 15 degrees.
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Figure 3.195
The final mesh

Save the blocking. File > Blocking > Save Blocking As.

Right click in the Display Tree on Blocking > Pre-mesh >
Convert to Unstruct Mesh. This will write out the
unstructured mesh to the default name hex.uns to the
working directory. Then it will automatically load the mesh.
You can resave (File > Mesh > Save Mesh As) to a different
name if you’d like after that.
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3.2.8: Wing Body

Overview

This tutorial example will focus on generating a mesh with a
replay file for a three-dimensional wing body configuration,
as shown in the diagram below. The geometry consists of a
simple cigar-shaped body with a tapered wing.

a) Summary of Steps
Geometry and Blocking Strategy
Starting the Project
Starting Blocking
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Splitting the Blocking around Fuselage
Splitting the Blocking around Wing
Assigning the Material
Fitting the blocking to the fuselage and wing
Creating the O-grid around the block
Setting Mesh Parameters with Linked bunching
Improving Mesh Quality

b) Geometry and Blocking Strategy

For this model, the user will execute blocking methods by
employing functions such as Split, Set location and O-grid.
The main fuselage and wing will be modeled by simple
blocks. An O-grid will be added around the entire body near
the end in order to improve element quality and allow grid
lines to be aligned normal to the surfaces in order to set a
fine boundary layer distribution.

c) Starting the Project

Start ANSYS ICEMCEFD. Select File > Change working
directory, and change the current working directory to
$SICEM_ACN/../docu/CFDHelp/CFD_Tutorial Files/WingB
ody. Open geometry.tin by selecting File > geometry > Open
geometry.
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Figure 3.196
The Wing Body Far
field Surface parts
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In this geometry, the points, curves, and surfaces have

already been placed into separate part names. Thus, the user
can go directly to the blocking process.
d) Blocking

Select File > Replay Scripts > Replay Control to start
recording all the commands executed while blocking.

@
Press Blocking > Create Block ﬁ > Initialize Block
to will open the Create Block window as shown in Figure
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3.198. The default Type is 3D Bounding Box. Verify that
this is shown by the Type. Enter the Part name as LIVE, and
press Apply without selecting anything. This will create the
initial block around everything.

Figure 3.198 ) Create Block &
Create blocks window

Part |LIVE A=

— Create Block

Easad L7

— Initialize Blocks

Type |3D Bounding Box j

Entities |

[T Project vertices

[~ Orient with geometmy

[T 2D Blocking

Apply (] Dizmizz

From the Display Tree, make sure that Curves are turned ON
and curve names are turned OFF. Right click on Geometry
> Curves > Show Curve Names to turn off the curve names.
Also make sure that Surfaces are turned OFF as well. Turn
ON the Blocking > Vertices and right mouse click on
Vertices > Numbers to display the vertex numbers. The
initialized blocking is shown in Figure 3.199.
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The Initialized
blocking with
vertices

Hexa Meshing

Switch ON Points > Show Point Names in the Display Tree
and turn Points ON.

Select Blocking > Split Block {-@‘ > Split Block@.

Next to Split Method, select Prescribed Point from the pull
down menu. You’ll see the window shown in Figure 3.201.

Press the select Edge icon and select the edge
connecting vertices 21 and 25 with the left mouse button. Its
end vertex numbers defines an edge. You’ll have to
temporarily turn off the Points to see the vertex numbers.

Then press the select Point icon g and select POINTS/14
at the top of the fuselage as shown in the figure below. Once
POINTS/14 appears in the window, press Apply to get the
split through the prescribed point.
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Figure 3.200
Split points >\-..
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Figure 3.201 5plit Block &
The Split block window
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— Split Block
Block Select
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Apply | k. Dizmizs

Now, select the edge defined by vertices 21 and 69 and split
this edge by the Prescribed point, POINTS/13 at the bottom
of the fuselage as shown in Figure 3.202. Switch off Points
to have a better view. The blocking should now look like
Figure 3.202.
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Splitting
around the
fuselage

Hexa Meshing

74
a0

Right mouse click in the Display Tree on Blocking > Index
control to display the index control in the lower right corner.
Press Select corners, and select vertices 89 and 70 with the
left mouse button. The blocking will restrict to the blocks
that connect the diagonal of this selection. Switch on Points
to Proceed Further.

Blocking > Split Block % > Split Block®: Select

the edge connecting vertices 69 and 73 and split this edge by
the Prescribed point, POINTS/5 at the tip of the wing.

In the Index control, use Select corners to further restrict the
blocking by selecting vertices 105 and 70.

Blocking > Split Block hﬁ > Split Block &" . Select the
edge connecting vertices 69 and 70 and split this edge by the
Prescribed point, POINTS/19 at the front of the fuselage.
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3.203
More
splitting
around
the
fuselage
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Blocking > Split Block > Split Block: Select the edge
connecting vertices 129 and 70 and split this edge by the
Prescribed point POINTS/20 at the tail of the fuselage.

Switch off Points. The blocking should look like Figure
3.203.

e) Splitting the Blocking around Wing

To further restrict the display around the fuselage, use the
Index Control and press Select corners, and select the
vertices 134 and 159.

{ @. ¢ @
Blocking > Split Block “=%’ > Split Block “ : Select

the edge connecting vertices 129 and 135 and split this edge
by the prescribed point, POINTS/18, which is near the base
of the wing.

{ @ ¢ @
Blocking > Split Block “=%’ > Split Block “4 : Select

the edge connecting vertices 135 and 165. Make sure that
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3.204
Splitting
at the
wing tip
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the Max K in the Index Control is 3. Then split this edge by
the same prescribed point, POINTS/18.

& ®
Blocking > Split Block * > Split Block : Select

the edge connecting vertices 237 and 165 and split this edge
by the Prescribed point, POINTS/16, which is near the
trailing edge and base of the wing. Switch off the Points.
The blocking at this stage should appear as shown in Figure
3.204.

135

134

In the Index control, press Select corners, and select the
vertices 236 and 267 to restrict the display to the one block
around the wing. And also switch on Points.

Blocking > Split Block@ > Split Block % : Select the

edge connecting vertices 230 and 231. Then turn Points
back on and split this edge by the Prescribed point,
POINTS/7, which is at the leading edge base of the wing.
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Blocking > Split Block :Lf > Split Block@: Select the

edge connecting vertices 230 and 307 and split this edge by
the prescribed point, POINTS/8 at the leading edge base of
the wing.

Switch off Points. Then press Reset in the Index Control to
display the full blocking again. The blocking should look as
in Figure 3.205 at this stage.

Figure
3.205
Splits
around
the wing

f) Assigning the Material

In the Index control, press From corners, and select the
vertices 134 and 159 to restrict the display. Switch off
Vertices.

Right mouse click on Parts > Create Part from Display Tree,
and it will open the window as shown in Figure 3.206.
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Rename the Part as SOLID. Then select the last icon, ﬁ

&

Then press the Select Block + button, and select the four
blocks for the fuselage and wing as shown in Figure 3.207.
Press the middle mouse button to complete the selection, and
press Apply to move the blocks into the new part. The edges
at the interface between the new block material and the
surrounding material will automatically become surface-
associated, and the color will change to indicate that.

Figure 3.206
Create part window Create Part &

Part [SOLID |
— Create Part

L@ e

|7B|u-::king M atenal, Create Part with Blocks

Blacks [3033 36 33 ® ...

Apply k. Dizmizs |
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Figure 3.207
Assign these
blocks to
SOLID

g) Fitting the blocking to the fuselage and wing

To ensure proper association of the blocking edges onto the
geometry, the user will project block vertices to the
prescribed points first, then and block edges to the curves.

Right click in the Display Tree to switch ON Blocking >
Vertices > Numbers. Then turn ON Blocking > Vertices and
Geometry > Points.

&
Select Blocking > Associate @ > Associate Vertex

and you should see the window as shown in Figure 3.208.
Make sure the Entity type to associate to its Point. Select the
vertex 129. Then select the point POINTS/19. Press Apply.
This will assign the association and move the vertex to the
point all in the same step.
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Figure 3.208 Blocking ]
Associate vertex to entity Azzociations =
window ] .

— Edit Associations -

GCIEE
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i Self & Faint
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Similarly place other vertices to the corresponding points as
shown in Figure 3.209.
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Projectin
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vertices
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Figure
3.210
Displa
y Proj
Type
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Make sure all the Vertices in the Fuselage and Wings are
properly associated to a point. To view this, Switch off
Points and Switch on Vertices > Pro Type in the Display
Tree. Then turn ON Vertices. You should see a “p” next to
each point-associated vertex as shown in Figure 3.210. A

“y” stands for a volume vertex while a “c”means a curve
vertex and an “s” stands for a surface-associated vertex.
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To align the volume vertices near the wing tip, select

_+_
Blocking > Move Vertex é- > Set Location* XYL You
should see the window shown in Figure 3.211.

Switch on Vertices > Numbers and Switch on Geometry >
Points > Show Point Names, and turn ON Points. Select
POINTS/9 at the wing tip as the Ref. Point. Toggle ON the
Modify X and for the Vertices to Set selection, select the
vertices 236 and 237 with the left mouse button and press the
middle mouse button to accept the selection. Press Apply to
move the vertices which will match the X-coordinate of the
selected vertices to the reference vertex.
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Set location window
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Figure 3.212
Fuselage,
Wing Root
and Wing Tip
curve and
corresponding
edges
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Similarly, set the location for vertices 272 and 273 using the
Reference Point as POINTS/S.

Switch On Geometry > Curves and switch OFF Geometry >
Points from the Display Tree.

)
Select Blocking > Association @J > Associate Edge to

Curve %’-t;

Associate the edges to the curves as shown in Figure 3.212.
The green colors of the edges indicate that they are
associated to a curve.

These & cdm
se 1 curves
4

Thege 4 edges o
to these 3 curves

The=e'4 edzes zo
fo these 3 curves

h) Creating the O-grid around the fuselage and wing

Now we will create an O-grid around the body (around the
volume part SOLID) to refine the boundary layer around the
geometry.

In the Index Control, press Reset to display the entire
blocking.
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Figure 3.213
O-grid
selection

Figure
3.214
Blocking
after
creating O-
grid
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: Eld
Select Blocking > Split Block ®> O grid Blockt@.
Toggle ON Around Block(s). Press add to Select block(s)

icon @ then press the part selection icon & in the
selection menu that appears to the upper right. This will
bring up a list of the current parts. Select SOLID, and press
Accept. This will select all the blocks in the part, SOLID as
shown in Figure 3.213. Then press Apply to create the O-
grid. The O-grid should appear as shown in Figure 3.214.
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i) Setting Mesh Parameters on Surfaces for an Initial Mesh

e Press Mesh > Set Surface Mesh Size ’ The window shown in
Figure 3.215 should appear. Enter surface selection and box selects all
the surfaces of the model. Turn Surfaces ON in the Display Tree, and
right click on Geometry > Surfaces > Hexa sizes to display the Hexa
icons. Set the Maximum size to 300, height to 300, and the height
ratio to 1. For a Hexa mesh, all 3 of these need to be filled in. Press
Apply, and you will see the icons update.

e Now zoom in closer to the fuselage and body. Box select around these
surfaces, but not the outer surfaces. The box select should be set to
“entire” selection mode by default, so it will only select what is
completely enclosed within the box. If it was left in “partial” mode from

a previous selection, press - - " in the popup selection option window to
switch to entire selection mode. Set the Maximum size to 50, height to
50, and height ratio to 1.4. Press Apply.

Figure 3.215 Surface Mesh &
Setting mesh sizes on surfaces Sire -

Suace(s) [wTRALT B8 ...

kaximum size }3["]
Height |300
Height ratio |1

EN3

Mumber of leyers i*]
Tetra size ratio f[l

Minimum size Eil

Mex devistion |0

Blank surfaces with params

e In the Display Tree, turn OFF the part SOLID, as only the LIVE part is
required for meshing. Then right click in the Display Tree on Blocking
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> Pre-mesh > Project edges. Turn on the Pre-mesh. The mesh

distribution on the symmetry plane with the fuselage and wing is shown
in Figure 3.2167.

Note: Project edges do not do any face projections. Thus, it is a good way to
save time when first computing the mesh, even in a 3D model. This allows
the user to detect any problematic edge projections and distributions and fix
them quickly.

Figure 3.216

Mesh distribution
obtained from setting the
surface meshing
parameters for all the
surfaces

j)  Setting Mesh Parameters with Linked bunching

The next step is to better define the mesh size parameters on
the individual edges of the blocking.

The mesh is distorted in the farfield region. The Linked
Bunching function will be utilized to link the mesh
distribution.

Switch off Pre-mesh in the Display Tree.

Select Blocking > Pre-Mesh params . >Edge Params

;\1. The Meshing Parameters window will open as
shown in Figure 3.217 Select the edge to be modified
indicated in Figure 3.218. The selected edge has an arrow
displayed on it, which indicates side 1 and side 2 of the edge.
Side 1 is the back of the arrow, while side 2 is the front on
the arrow.
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Figure 3.217 - Mazhing Paramatars —————————
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Click on Linked bunching. Then next to link edge, select the

edge selection icon "*&5 and select the first edge on the same
side as side 1 of the main edge. The main edge will link its
node distribution to all the edges connected to this edge that
spans the main edge. This edge is shown in Figure 3.219.
Remember that the beginning of the larger edge is shown by
a white arrow.
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Toggle on the Copy Parameters and under the Method select
To All Parallel edges and press Apply to achieve results
similar to those shown in Figure 3.220. All the edges that
are copied to have an arrow displayed on them. This will fix
the mesh distortion in the farfield for the TOP, SIDE, and
GROUND. You can also do this for the INLET and
OUTLET,
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Figure 3.220
Select the e T
edges to link P

Figure 3.221
New mesh
distribution
after Linked
bunching

Notes on Linked Bunching: Linked bunching allows the distribution of
nodes on a single edge to be identical to the distribution of nodes on a
series of smaller parallel edges. Linking defines a permanent
relationship, called a link, between these edges. The node distribution
can only be modified on the smaller edges. The user will not be able to
specify any node distribution on the larger edge. The node distribution
on the larger edge will automatically be updated to reflect the node
distribution on the smaller edges. Note that the index space of the larger
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edge and all the smaller edges must be identical (the ends must meet and
the same spit); otherwise the relationship cannot be defined.

k) Improving Mesh Quality

To check the general quality of the block shapes, use the
Worst Blocks function.

Without toggling on the Blocks option, right click in the
Display Tree on Blocks > Worst. This will highlight the
worst block and give its determinant in the message window.

Based on these results, make any necessary adjustments to
the blocking (using particularly Split edge and Move
Vertex).

The highlighted worst block will automatically change to a
different block as you edit the blocks to improve them. This
is just a rough check for any badly distorted blocks.
Checking the mesh quality is far more important, and
checking the worst block can easily be skipped.

Compute the Pre-mesh with Project faces turned ON from
now on, so that everything projects as in the final mesh.

Check the quality of the mesh using two metrics,
Determinant 2x2x2 and Angle: Press Blocking > Pre-mesh
Quality Histograms. First check the determinant with a Min-
X value of 0, a max-X value of 1, and a small Max-Y height
of 30 so you can see the smallest histogram bars. Select the
worst bar, and right click to select Show if it is not already
ON.

Use the Move Vertex and Edge Parameters to improve the
blocking. Recheck your changes with the Determinant
check.
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Find the worst block and

fix it first

Hexa Meshing

A change of bunching can be accomplished using Blocking

> Pre-mesh params > Edge params \ .

You can recompute the mesh by toggling the Pre-mesh OFF
then ON again, or go straight to the determinant check, and it
will recognize the change and ask to recompute the mesh.
Try to improve the Determinant to greater than 0.3. After
this try to improve the Angle to better than 18 degrees.

When you are satisfied with the mesh distributions and
element quality, save the replay file and blocking, and write
out the mesh. Select Save from the Replay Control window,
then Done after you save the file.

Save the blocking using File > Blocking > Save Blocking
As.

Write out the mesh by right clicking in the Display Tree on
Pre-mesh > Convert to Unstruct Mesh.
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3.3: Hexa Meshing Appendix

ICEM CFD Hexa has emerged as the quickest and most
comprehensive software for generating large, highly
accurate, 3D- geometry based hexahedral meshes. Now, in
the latest version of ICEM CFD Hexa, it is also possible to
generate 3D surface meshes with the same speed and
flexibility.

3.3.1: The Most Important Features of Blocking

e CAD- and projection-based hexahedral mesh generation

e Easy manipulation of the 3D object-based topology model

e Modern GUI and software architecture with the latest hexahedral
mesh technology

e Extensive solver interface library with over 100 different supported
interfaces

e Automatic O-grid generation and O-grid re-scaling

e (Geometry-based mesh size and boundary condition definition

e Mesh refinement to provide adequate mesh size in areas of high or
low gradients

e Smoothing/relaxation algorithms to quickly yield quality meshes

e Generation of multi-block structured, unstructured, and super-
domain meshes

e Ability to specify periodic definitions

e Extensive replay functionality with no user interaction for
parametric studies

e Extensive selection of mesh bunching laws including the ability to
graphically add/delete/modify control points defining the graph of
the mesh bunching functions

¢ Link bunching relationships between block edges to automate
bunching task

e Topology operations such as translate, rotate, mirror, and scaling to
simplify generation of the topology model
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e Automatic conversion of 3D volume block topology to 3D surface

mesh topology

Automatic conversion of 2D block topology to 3D block topology

Block face extrusion to create extended 3D block topology

Multiple projection options for initial or final mesh computation

Quality checks for determinant, internal angle and volume of the

meshes

Domain renumbering of the block topology

e Output block definition to reduce the number of multi-block
structured output mesh files

¢ Block orientation and origin modification options

3.3.2: Automatic O-grid Generation

Generating O-grids is a very powerful and quick technique used to achieve
a quality mesh. This process would not have been possible without the
presence of O-grids. The O-grid technique is utilized to model geometry
when the user desires a circular or "O"-type mesh either around a localized
geometric feature or globally around an object.

3.3.3: Important Features of an O-grid

Generation of Orthogonal Mesh Lines at an Object Boundary

The generation of the O-grid is fully automatic and the user simply selects
the blocks needed for O-grid generation. The O-grid is then generated
either inside or outside the selected blocks. The O-grid may be fully
contained within its selected region, or it may pass through any of the
selected block faces.

Rescaling an O-grid After Generation

When the O-grid is generated, the size of the O-grid is scaled based upon
the Factor in the Blocking > O-grid parameter window. The user may
modify the length of the O-grid using the Blocking > Re-scale O-grid
option. If a value that is less than 1 is assigned, the resulting O-grid will be
smaller than the original. If, however, a value is larger than 1, the resulting
O-grid will be larger.
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3.3.4: Edge Meshing Parameters

The edge meshing parameter task has been greatly automated by providing
the user with unlimited flexibility in specifying bunching requirements.
Assigning the edge meshing parameters occurs after the development of
the block topology model. This option is accessible by selecting Meshing
> Edge params.

The user has access to the following pre-defined bunching laws or Meshing
laws:

Default (Bi-Geometric Law)
Uniform
Hyperbolic
Poisson
Curvature
Geometric 1
Geometric 2
Exponential 1
Exponential 2
Bi-Exponential
Linear

Spline

The user may modify these existing laws by Applying pre-defined edge
meshing functions, accessible through the Meshing > Edge Params >
Graphs option in Hexa.

This option yields these possible functions:
Constant
Ramp

S curve
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Parabola Middle
Parabola Ends
Exponential
Gaussian

Linear

Spline

Note: By selecting the Graphs option, the user may add/delete/modify the control
points governing the function describing the edge parameter settings. Additional
tools such as Linked Bunching and the multiple Copy buttons provide the user
with the ability to quickly Apply the specified edge bunching parameters to the
entire model.

3.3.5: Smoothing Techniques

In ICEM CFD Hexa, both the block topology and the mesh may be
smoothed to improve the overall block/mesh quality either in a certain
region or for the entire model. The block topology may be smoothed to
improve the block shape prior to mesh generation. This reduces the time
required for development of the block topology model.

The geometry and its associative faces, edges, and points are all
constraints when smoothing the block topology model. Once the block
topology smoothing has been performed, the user may smooth the mesh
after specifying the proper edge bunching parameters.

The criteria for smoothing are:
Determinant: these criteria attempt to improve the element’s determinant
by movement of nodes, which are subject to geometry and association

constraints.

Laplace: The Laplace option attempts to minimize abrupt changes in the
mesh lines by moving the nodes.
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Warp: The Warp method is based upon correcting the worst angle
between two elements in the mesh.

Quality: Like the determinant criteria, the Quality criteria attempts to
improve the element’s interior angle by repositioning the nodes, which are
subject to geometry and association constraints.

Orthogonality: The Orthogonality option attempts to provide orthogonal
mesh lines at all boundaries of the model.

Skewness: The Skewness is defined differently for volume and surface
elements. For a volume element, this value is obtained by taking all pairs
of adjacent faces and computing the normals. The maximum value thus
obtained is normalized so that 0 corresponds to perpendicular faces, and 1
corresponds to parallel faces. For surface elements, the skew is obtained
by first taking the ratio of the two diagonals of the face. The skew is
defined as one minus the ratio of the shorter diagonal over the longer
diagonal. Thus, 0 is perfectly rectangular, and 1 represents maximum
skewness.

3.3.6: Refinement and Coarsening

The refinement function, which is found through Meshing > Refinement,
can be modified to achieve either a refined or a coarsened result. The
refinement/coarsening may be applied in all three major directions
simultaneously, or they may be applied in just one major direction.

Refinement

The refinement capability is used for solvers that accept non-conformal
node matching at the block boundaries. The refinement capability is used
to minimize model size, while achieving proper mesh definition in critical
areas of high gradients.

Coarsening
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In areas of the model where the flow characteristics are such that a coarser
mesh definition is adequate, coarsening of the mesh may be appropriate to
contain model size.

3.3.7: Replay Functionality

Parametric changes made to model geometry are easily applied through the
use of Hexa’s replay functionality, found in File > Replay. Changes in
length, width and height of specific geometry features are categorized as
parametric changes. These changes do not, however, affect the block
topology. Therefore, the Replay function is capable of automatically
generating a topologically similar block model that can be used for the
parametric changes in geometry.

Note: If any of the Direct CAD Interfaces are used, all geometric parameter
changes are performed in the native CAD system. If any of the indirect interfaces
are used, however, the parametric geometry changes are performed in ICEM
DDN.

Generating a Replay File

The first step in generating a Replay file is to activate the recording of the
commands needed to generate the initial block topology model. As
mentioned above, this function can be invoked through File > Replay. All
of the steps in the mesh development process are recorded, including
blocking, mesh size, edge meshing, boundary condition definition, and
final mesh generation.

The next step in the process is to make the parametric change in the
geometry and then replay the recorded Replay file on the changed
geometry. All steps in the mesh generation process are automated from
this point.

Advantage of the Replay Function
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With the Replay option, the user is capable of analyzing more geometry
variations, thus obtaining more information on the critical design
parameters. This can yield optimal design recommendations within the
project time limits.

3.3.8: Periodicity

Periodic definition may be applied to the model in ICEM CFD Hexa. The
Periodic nodes function, which is found under Blocking > Periodic nodes,
plays a key role in properly analyzing rotating machinery applications, for
example. Typically, the user will model only a section of the rotating
machinery, as well as implement symmetry, in order to minimize the
model size. By specifying a periodic relationship between the inflow and
outflow boundaries, the particular specification may be applied to the
model -- flow characteristics entering a boundary must be identical to the
flow characteristics leaving a boundary.

Applying the Periodic Relationship

The periodic relationship is applied to block faces and ensures that a node
on the first boundary have two identical coordinates to the corresponding
node on the second boundary. The user is prompted to select
corresponding vertices on the two faces in sequence. When all vertices on
both flow boundaries have been selected, a full periodic relationship
between the boundaries has been generated.

3.3.9: Mesh Quality

The mesh quality functions are accessible through Meshing > Quality
check. Any of the four quality check options will display a histogram plot
for the user.

Determining the Location of Elements

By clicking on any of the histogram bars with the left button, the user may
determine where in the model these elements are located. The selected
histogram bars will change in color to pink.
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After selecting the bar(s), the Show button is pressed to highlight the
elements in this range. If the Solid button is turned on, the elements
marked in the histogram bars will be displayed with solid shading.

Determinant

The Determinant check computes the deformation of the elements in the
mesh by first calculating of the Jacobian of each hexahedron and then
normalizing the determinant of the matrix. A value of 1 represents a
perfect hexahedral cube, while a value of 0 is a totally inverted cube with
a negative volume. The mesh quality, measured on the x-axis, of all
elements will be in the range from 0 tol. If the determinant value of an
element is 0, the cube has one or more degenerated edges. In general,
determinant values above 0.3 are acceptable for most solvers.

The y-axis measures the number of elements that are represented in the
histogram. This scale ranges from 0 to a value that is indicated by the
Height. The subdivisions among the quality range are determined by the
number of assigned Bars.

Angle

The Angle option checks the maximum internal angle deviation from 90
degrees for each element. Various solvers have different tolerance limits
for the internal angle check. If the elements are distorted and the internal
angles are small, the accuracy of the solution will decrease. It is always
wise to check with the solver provider to obtain limits for the internal
angle threshold.

Volume

The Volume check will compute the internal volume of the elements in the
model. The units of the volume will be displayed in the unit that was used
to create the model.

Warpage

The Warpage check will yield a histogram that indicates the level of
element distortion. Nodes that are in-plane with one another will produce
an element with small warpage. Nodes that make elements twisted or
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distorted will increase an elements distortion, giving a high degree of
warpage. The y-axis is the scale for the number of elements represented in
the histogram -- a value determined by the assigned Height. The x-axis,
which ranges from a Min of 0 to a Max of 90, is the degree of warpage
that an element experiences.
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3.4: Tetra

Tetra Meshing

Automated to the point that the user has only to select the geometry to be
meshed, ANSYS ICEMCFD Tetra generates tetrahedral meshes directly
from the CAD geometry or STL data, without requiring an initial
triangular surface mesh.

Figure 3.223
This mesh
was
generated
using ANSYS
ICEM CFD
Tetra. The
model has
approximately
550,000
tetrahedral
elements.

3.4.1: Introduction

Tetra uses an Octree-based meshing algorithm to fill the
volume with tetrahedral elements and to generate a surface
mesh on the object surfaces. The user can define prescribed
curves and points to determine the positions of edges and
vertices in the mesh. For improved element quality, Tetra
incorporates a powerful smoothing algorithm, as well as
tools for local adaptive mesh refinement and coarsening.
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Suitable for complex geometries, ANSYS ICEMCFD Tetra
offers several advantages, including:

Octree-based mesh generation

Rapid model set-up

Mesh is independent of underlying surface topology
No surface mesh necessary

Generation of mesh directly from CAD or STL surfaces
Definition of element size on CAD or STL surfaces
Control over element size inside a volume

Nodes and edges of tetrahedral are matched to prescribed
points and curves

Natural size automatically determines tetrahedral size for
individual geometry features

Volume and surface mesh smoothing, node merging, and
edge swapping

Tetrahedral mesh can be merged into another tetra, hexa or
hybrid mesh and then can be smoothed

Coarsening of individual material domains

Enforcement of mesh periodicity, both rotational and
translation

Surface mesh editing and diagnostic tools
Local adaptive mesh refinement and coarsening
One consistent mesh for multiple materials
Fast algorithm: 1500 cells/second

Automatic detection of holes and easy way to repair the
mesh

Tetrahedral mesh from a completely closed surface mesh
using the Delauney meshing algorithm
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Extrusion of Prism layers from the surface mesh for
boundary layer calculations

Hex-core meshing from a tetra, tetra/prism, or surface mesh

a) Inputto ANSYS ICEMCFD Tetra
The following are possible inputs to ANSYS ICEMCFD Tetra:

B-Spline Curves and Surfaces

When the input is a set of B-Spline curves and surfaces with
prescribed points, the mesher approximates the surface and
curves with triangles and edges respectively; and then
projects the vertices onto the prescribed points.

The B-Spline curves allow Tetra to follow discontinuities in
surfaces. If no curves are specified at a surface boundary, the
Tetra will mesh triangles freely over the surface edge.
Similarly, the prescribed points allow the mesher to
recognize sharp corners in the prescribed curves. ANSYS
ICEMCEFD provides tools to extract points and curves
automatically from the surface model at sharp features.

Triangular surface meshes as geometry definition

For triangular surface representation, prescribed curves and
points can automatically be extracted from the geometry.
Though the nodes of the Tetra-generated mesh will not
match exactly to the nodes of the given mesh, it will follow
the given geometric shape. This is especially useful when
importing geometry from existing mesh databases or from
systems which output stereo lithography (STL) data. The
user can combine faceted geometry input with the B-Spline
input.

Full/partial surface mesh

If the surface mesh is available for full/part of the geometry,
the user might want to make use of that in the final mesh.
This can be provided as an input to the Tetra and it makes
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sure that the rest of the volume and surface mesh is
connected to the provided mesh.

b) Intelligent Geometry in ANSYS ICEMCFD Tetra

Using ANSYS ICEMCFD’s Direct CAD Interfaces, which maintain the
parametric description of the geometry throughout the CAD model and the
grid generation process, unstructured grids can be directly remeshed on
the modified geometry.

The geometry is selected in the CAD system and tagged with information
for grid generation such as boundary conditions and mesh element sizes.
This intelligent geometry information is saved with the master geometry.
Parametric changes in the geometry simply require the user to write the
updated geometry file for grid generation. The user can then immediately
re-calculate the unstructured tetrahedral grids.

c) The Octree Approach

Tetra’s mesh generation from surfaces is based on the
following spatial subdivision algorithm: This algorithm
ensures refinement of the mesh wherever necessary, but
maintains larger elements wherever possible, allowing for
faster computation.

Once the “root” tetrahedron, which encloses the entire
geometry, has been initialized, Tetra subdivides the root
tetrahedron until all element size requirements are met.

At this point, the Tetra mesher balances the mesh so that
elements sharing an edge or face do not differ in size by
more than a factor of 2.

After this is done, Tetra makes the mesh conformal — i.e., it
guarantees that each pair of adjacent elements will share an
entire face.

The mesh does not yet match the given geometry, so the
mesher next rounds the nodes of the mesh to the geometry
surfaces, curves, and prescribed points.

The mesher then determines which portion of the mesh is
enclosed by surfaces bounding a Body or Material Point
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(based on mesh connectivity). The remainder of the mesh is
deleted.

Finally, the mesh is smoothed by moving nodes (preserving
geometry associations), merging nodes, swapping edges and
in some cases, deleting bad elements.

d) Parts Creation, Material Points, & Prescribed Points

The grouping of the geometric entities into parts in the
mesher interface allows the user to define different
parameters on the individual parts. Aside from assigning
unique boundary condition information to the various parts,
the user can define the parameters, which govern the element
size for each part: maximum size, initial height and height
ratio. Additionally, users can define element size on
individual curves and surfaces.

With the definition of prescribed points and curves in the
mesher interface, the user can control the locations of
tetrahedral nodes and edges in critical areas of the mesh. As
described above in the mesh generation process (c¢)The
Octree Approach), when the mesher rounds the nodes of the
mesh to match the given geometry, it first tries to project
them onto the nearest prescribed points and curves.

For the cutting step of the mesh generation, Tetra requires
that a material point be defined for each distinct material that
is needed for analysis. (The mesher can create these
automatically if none are defined.) A material point might be
used to define a fluid region for CFD analysis, a solid region
for FEA analysis or both fluid and solid regions for
conjugate heat transfer analysis.

e) Important Features in ANSYS ICEMCFD Tetra
Natural Size

If the maximum tetrahedral size defined on surface parts is larger than a
geometric entity in the specified part, the user must employ the natural size limit.
The user can specify a Natural size that is proportional to the scale factor. It
should be assigned a value that is slightly smaller than the smallest gap in the
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model, so that the mesher will further subdivide the tetrahedral to match this
geometric feature.

The Natural size is the minimum size of any tetrahedral achieved via automatic
subdivision for the entire model. If the user defines a smaller max element size
on a geometry entity, Tetra does continue to subdivide until it meets the
maximum size request. The effect of the natural size is a geometry-based
adaptation of the mesh based on feature curvature and proximity.

Tetrahedral Mesh Smoother

In smoothing the mesh, the tetrahedral smoother calculates individual element
quality — based on the selected criterion.

Referring then to the user specified element quality lower bound, the smoother
modifies all elements below this quality criterion --nodes are moved and merged,
edges are swapped and in some cases, elements are deleted. This operation is
then repeated on the improved grid, up to the specified number of iterations.

To exclude particular parts from the smoothing, ICEM CFD offers the utility to
smooth the mesh only on visible parts. Also, the user can smooth only specific
element without affecting the others

Tetrahedral Mesh Coarsener

The mesh coarsener allows the element count to be decreased while still
capturing the major features of the geometry. Users can choose to freeze surface
elements during the coarsening process.

If the mesh has multiple material domains and the user does not want to coarsen
some of them, he/she can exclude individual material domains by specifying
them in the frozen parts option. If the size checks option is used during
coarsening, the resulting mesh does satisfy the selected mesh size criteria on all
of the geometric entities.

Furthermore, Tetra includes a complete set of projection and smoothing tools, as
well as tools for element creation, deletion, and splitting, swapping and uniform
enforcement of orientation.

Triangular Surface Mesh Smoother

The triangular surface mesh inherent in the Tetra mesh generation process can
also be smoothed independently of the volume mesh. The triangular smoother
marks all elements that are initially below the quality criterion and then runs the
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specified number of smoothing steps on the elements. Nodes are moved on the
actual CAD surfaces to improve the aspect ratio of the elements.

Triangular Surface Mesh Coarsener

In the interest of minimizing grid points, the coarsener reduces the number of
triangles in a mesh by merging triangles. This operation is based on the
maximum deviation of the resultant triangle center from the surface, the aspect
ratio of the merged triangle and the maximum size of the merged triangle.

Triangular Surface Editing Tools

For the interactive editing of surface meshes, ANSYS ICEMCFD Tetra offers a
mesh editor in which nodes can be moved on the underlying CAD surfaces,
merged, or even deleted. Individual triangles of the mesh can be subdivided or
added to different parts. The user can perform the quality checks, as well as local
smoothing.

Diagnostic tools for surface meshes allow the user to fill holes easily in the
surface mesh. Also there are tools for the detection of overlapping triangles and
non-manifold vertices, as well as detection of single/multiple edges and duplicate
elements.

Mesh Periodicity

Periodicity definition for ANSYS ICEMCFD Tetra meshes is well suited for
rotating turbomachinery flow solutions. Meshes for any rotational or translational
cyclic geometry can be generated with ease.

Mesh Density Control

The mesh Density definition for ANSYS ICEMCFD Tetra allows users to control
the tetra size locally where no geometry is present. Densities can be of different
shapes: point, sphere, line, arbitrary volume.

Smooth Transition

Smooth transition allows the user to fill the volume with the Delauney approach.
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3.4.2: Sphere Cube

Overview
After generating a tetrahedral mesh for a hemisphere containing

a cube, the user will check the mesh quality. The geometry
of the Sphere Cube is shown in the figure below.

Figure

3.224 SPHERE

The

geometry

of the

Sphere

Cube.

—

a) Summary of Steps
Starting the project
Repairing the geometry.
Assigning mesh sizes
Generating the tetrahedral mesh.

Diagnostics
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Saving the project
Assigning mesh sizes
b) Parts Creation

All points, curves and surfaces are initially assigned to one part,
GEOM. The user needs to create and assign separate parts
for surfaces, curves and bodies. The parts for the surfaces
(SPHERE, CUBE, and SYMM) are labeled in Figure 3.224.
(If the parts are already defined, then please go to section
Reassigning Mesh sizes.)

To change the part names of surfaces, in the Display Tree widget
right-click on Parts > CreatePart > CreatePart by

Selection. h It will open the window as shown in Figure

3.225. Click on Select entities % to select the desired
Surfaces (if not already in selection mode). The Select
geometry toolbar opens. Toggle OFF points and curves
selection and keep the toggle ON for surfaces selection.
Enter CUBE as the Part name and select the five surfaces of
the cube as shown in Figure 3.225 with the left mouse
button. Press Apply (or middle-click) to create the CUBE
part. The new part will appear in the Parts list in the Display
Tree widget. Similarly create the SYMM (four surfaces) and
SPHERE (one surface) parts. Select Dismiss when finished.
For this example, leave the points and curves assigned to the
GEOM part.
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Figure 3.225
Create part window Create Part '@

Part |CUEE ]
Create Part
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c) Creating Body

The body of the model — which will hold the tetrahedral
elements - will be placed into the part, LIVE. Select

Geometry > Create Body. A window will as shown in
Figure 3.226. In the Create Body window, use the Material
Point option. Enter Part as LIVE in the window and then in
Location, enable Centroid of 2 points with the left mouse
button.
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Figure 3.226
Creating body window Create Body @]
Part [LIVE |
Name|
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— Matenial Point

Location
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Select two points as shown in Figure 3.227 and middle-click.
LIVE should appear in the model — the small cross marks the
location. The user might have to make Bodies visible in the
Tree. Dynamically rotate the model to confirm that LIVE is
located within the region to be meshed — outside the cube but
inside the sphere.
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Figure 3.227

Points to be Foints to ke selected for creating
selected for material point

creating material F

point

d) Set global mesh size

The user must define mesh sizes before mesh generation.

Select Mesh > Set Global Mesh Size ¥ > General Parameters

E to obtain the Global Mesh Size window as shown
inFigure 3.228. Enter 2 for Scale factor and 64 for Max
element (Figure 3.228). Press Apply followed by Dismiss to
close the window.

Note: To visualize the size defined in the Global Mesh Size
window, toggle ON Display under Scale factor and Max
element. These options will provide tetra icons on the
display labeled as scale and max.
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Figure 3.228
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From the Display Tree widget, right click on Surfaces > Tetra
Sizes and Curves > Curve Tetra sizes. This displays icons
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representing the maximum element sizes specified on the
entities.

e) Setsurface mesh size

The meshing can be adjusted on the different parts of the model

via Mesh > Set Surface Mesh Size. Make only the
SYMM part visible from the Display Tree widget. Select

ﬂ' and click ‘v’ on the keyboard to select the visible
surfaces. Set Maximum size = 2 as shown in. Figure 3.229
Press Apply. Make only CUBE and SPHERE visible from

the Display Tree widget. Select Qand click ‘v’ on the
keyboard to select the visible surfaces. Set Maximum size =
1.

Press Apply followed by Dismiss to close the window

The effects of the modification of the values in the params
screen can be seen on the model.

Make all Parts visible from the Display Tree widget.
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Figure 3.229
Setting the mesh sizes Surface Mesh Size @)
for the selected surface

parts Sutacels) [GEOM/IOGE i . .-

bd @simum size |2

Height |0

Height ratio | 0

e

Murnber of lapers | 0

Tetra zize ratio |EI

Finimum size | 0

b ax deviation |EI

Blank surfaces with params |

Apply | (] Dizmizs |

f) Set Curve Mesh Size

-

L -
Similarly, select Mesh > Set Curve Mesh Size “."1- to open the

window as seen in Figure 3.230. Select @ and choose all
the curves by clicking ‘a’ on the keyboard. All the curves
will be highlighted in the display. Set all the parameters in
the Curve Mesh Size window to 0 and then press Apply
followed by Dismiss.

ANSYESHOEMCER-10:0

WASSITCEM CFD

Tutorial Manual



Tetra Meshing

Figure 3.230
Curve mesh size Curve Mezh Size &
window

Curve Mesh Parameters

tethod | General j

Select Cuvels) [GEOM/TE &% ...

bl aimurm Size |EI

Mumnber of Modes |
Height |0

Ratio |0
width |0

lals

Minimum size |EI

b awirmum deviation |EI
Advanced Bunching

Bunching law |EiGeu:umetriu: hd

Spacing 1 |
Ratio 1 |

Spacing 2 |

Ratio 2 |

bl ax Space |

-

[ Remesh attached sufaces

Blank curves with params

Apply | k. Dizmizs
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The assigned Tetra sizes are represented on the geometry as
shown in Figure 3.231.

Figure 3.231
Tetra sizes on the
geometry

s

Make these displayed tetra invisible by right clicking on
Surfaces > Tetra Sizes and Curves >Curve Tetra Sizes from
the Display Tree widget.

When satisfied with the results, press File > Save Project to save
the tetin file. Use the default project name.

g) Generating the tetrahedral mesh

Choose Mesh > Volume Meshing . > Tetra > From geometry.

The Mesh Volume window will appear as shown in
Figure 3.232.
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Figure 3.232
Mesh with Tetrahedral Meszh Yolume '@
window
tezh hpe ITetra j
— Method

W Smooth mesh

Iterations IE =
Mir quality [0.4
[T Coarsen mesh

[terations |2 =

Wwharzt azpect ratio |EI.1

[~ Smoocth transition  Factor |'|.2

— Options
[ Fun az batch process
[T Only visible geometny
[T Pait by Part

¥ Load mesh after completion

Apply ] Digmizz

Press Apply to start the meshing process. The mesh opens
automatically once the meshing process is complete.
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Once the meshing process is completed, make triangles visible
from the Display Tree widget under Mesh > Shell, so that
the mesh appears as in Figure 3.233.

Figure 3.233
The smoothed mesh

h) Diagnostics

The user should check the mesh for any errors or problems that
may cause problems for analysis. The Check Mesh window,
shown in Figure 3.234 is accessible under Edit Mesh >

Check Mesh. '
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Figure 3.234
Check mesh window Check Mesh '@
Check Mesh
Pozzible
M Problems
[v Duplicate element [v Multiple edoes
v Uncovered faces [v Triangle boxes
v Mizzing intemal ™ 2 single edges
faces d d
= Single-rmultipls
[ Perodic problems [ edges

Iv olume orentations
v Suface arientations
[+ Hanging elements

Penetrating
r elements

r Digconnected bar
elements

Set defaultz

Elements to check

Al T Active

Check mode
(" Create subsets

*  Check/fix each

Stand-alone surface
mesh

Single edges

Owverlapping
elements

Maon-marnifold
vertices

Unconnected
verhices

Apply | OF. | Dismizs |
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Use the default set of checks and press Apply to check for Errors and
Possible Problems in the mesh. Once the check for each possible problem
is over, ICEM CFD creates subsets of the bad elements, and displays the
number of elements for the particular problem in the messages area. If
there are errors reported for any unconnected vertices, choose Yes to
delete them. Press Dismiss to close the window. Refer to the Tetra
Appendix for a detailed description of the various errors and possible
problems.

i) Saving the Project
Save the mesh and geometry by selecting File > Save Project

Close the project by selecting File > CloseProject.
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3.4.3: 3D Pipe Junction

Overview

In this tutorial example, the user will generate a tetrahedral mesh for the
three-dimensional pipe junction geometry. Prism layers will then be
added. The 3D Pipe geometry is shown in Figure 3.235.

Figure
3.235

The 3D Pipe
geometry
with the
labeled
surfaces

a) Summary of Steps
Starting the project
Repairing the geometry
Assigning mesh sizes

Generating the tetrahedral mesh with Smooth Transition
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Diagnostics
Saving the project
b) Starting the Project

From UNIX or DOS window, start ANSYS ICEMCEFD. File
> Change Working Dir...
$ICEM_ACNY/../docu/CFDHelp/CFD_Tutorial Files>3Dpip
eJunct. Open the tetin file geometry.tin.

c) Repairing the Geometry:
Select Geometry > Repair Geometry @> Build
..i

Diagnostic Topology 4 The Repair Geometry window
will open as shown in Figure 3.236.

Use the default values and click Apply.
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Figure 3.236

Repair Geometry &)
Repair Geometry Window

— Repair Surface

Yol itk
ﬁ@?ﬁﬂ

— Build Topology
Talerance |D1—
—Filter by angle————————
Feature angle I?ﬂ—
[ Filter points
I Filker curves

—MNew Part Name ———————————

& Inheited Create new

Part for new curves I
Fart for new points I

— Build Topo Partz/Selection

Method |Al parts -

[ Part by part

[ Single curve cleanup

Single Edge Tolerance ID.Z

Split surface at
ke T-connections

[~ Split at interior curves
[~ Join edge curves

Delete unattached curves
ke and points

Apply | ak. I Diizrizs |

Note: Build Topology creates the curves and points necessary for Mesh
generation
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d) Parts Creation

If the Parts are already defined, please go to the section
Reassigning Mesh Parameters.

If the Parts are not defined, create new Parts and add the
appropriate surfaces to the parts. Initially, all the geometry is
grouped into the GEOM part. Referring to Figure 3.235;
create and add the appropriate surfaces to the Parts INL,
OUT, CYLI1, CYL2, and SYM.

Figure 3.237

&
Create part window Create Part ?

Part [INL Hi=
— Create Part

dis@e

Create Part by Selection——

E nhities R

[ Adjust Geometry Mames

=l

Apply | k. Drigmizz |

To create Parts for the surfaces, right-click on Parts > Create

Part > Create Part by Selection. & The Create Part
window is shown in Figure 3.237. Enter the part name INL
and select the appropriate surface with the left mouse button.
Accept the selection with the middle mouse button

Similarly create the OUT, SYM (3 surfaces), CYLI1, and
CYL2 Parts. Select Dismiss when finished.

Create a Part called CUR and all of the curves to it.
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Note: To change the part names of curves, Right click on Parts >Create part.
Make only Curves visible from the Display Tree widget. Use Create Part by
Selection and make sure Curves are selectable from the Select geometry pop-up
window. Box-select the entire model with a left-click and drag, rather than
individually selecting the curve entities.

All of the points that compose the geometry will be placed in
the part PTS.

Note: To change the part names of points, Right click on Parts >Create part.
Make only Points visible from the Display Tree widget. Use Create Part by
Selection and make sure Points are selectable from the Select geometry pop-up
window. Once in selection mode, press ‘v’ on the keyboard to select the points.

e) Creating Bodies

The Body of the model will be assigned to the part LIVE.
This will be the region that lies within the cylinders.

};'h'?i
Select Geometry > Create Body > Material Point. =
Enter LIVE as the Part. Use the Centroid of 2 points option.

Click on Select locations w to choose 2 screen locations in
the geometry between which the material point will be
created. LIVE should then appear inside the model.
Dynamically rotate the model to ensure that LIVE is located
within the interior of the volume, and not outside.

To delete empty parts, the user can right click on Parts >
Delete Empty Parts from the Display Tree widget. The list
should then modify itself so that empty parts are no longer
included and the messages area states that GEOM has been
deleted.

f) Reassigning Mesh Parameters

The user will now specify the mesh size on the entire model
with Mesh > Set Global.Mesh Size E > General

Parameters % (Figure 3.238). Change the Scale factor to
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5 and Max element to 64. Click Apply. The scale factor is a
multiplier for all size specifications applied to parts or
individual curves and surfaces. The local element size will
be equivalent to the local size applied to that entity,
multiplied by the Scale factor.
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Figure 3.238 .
Assigning Global mesh | Blobal Mesh Size ?
sizes to the entire model

— Global Mesh Parameters————— «

oMY SIS

— Global Element Scale Factor——

Scale factar |5
[~ Display
— Global Element Seed Size

b ax element |54

[~ Display

— Natural Size
[" Enabled
Size I'I
™ Dizplay |-
Murn. of Elements in gap m
Refinement Iﬂ[

[T lgnaore wiall Thickness

Triangle talerance |EI.EII:I1

¥ Unitless ti tolerance LI

Apply | ] Digmnizz |

The user can make the parts visible from the Display Tree
widget that appears in Figure 3.239.
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Figure 3.239 b odel
Select parts to modify A Geometry
— ] Subsets
— | Paints
Curves
—h Surfaces
Bodies
A Parts
7
-~
—hd’ L2
-
—d LIVE
—h OUT
e S

To change the mesh size on specific surfaces, select Mesh >

Set Surface Mesh Size ' and use Select surfaces ﬂ to
choose the required surfaces. Click ‘a’ on the keyboard to
select all the surfaces. In the Surface Mesh Size window
Figure 3.240 assign Maximum element size of 2. Press
Apply and Dismiss.
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Figure 3.240 i
Adjusting the surface mesh >uiface Mesh Size ?

sizes Associated to the

selected surfaces Surface(z] |GEOMA0GE '@

bl aimurm gize |2

Height |0

Height ratio | 1]

el

Mumber of layers |EI

Tetra size ratio |EI

kinimum size |EI

bl ax deviation |EI

Blank. surfaces with paramsz

| Digmizs |

g) Setting curve mesh size

.

.
Select Mesh > Set Curve Mesh Size. ii*—. Select and
click ‘a’ on the keyboard to select all curves. Set Maximum
Size = 0 to all the curves as shown in Figure 3.241. Select
Apply and Dismiss.
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Figure 3.241
Adjusting the curves Mesh sizes  Curve Mesh Size &)

Curve Mesh Parameters

Methiod | General j

Select Curvelz) | @ o

b adirum Size |EI

MHurnber of Modes |

Height |0

Ratio |0
width |0

lals

kinimum size | I}

b axirurm deviation |EI
Advanced Bunching

Bunchinig law | |

Spacing 1 |

Ratio 1 |

Spacing 2 |

Ratio 2 |

b ax Space |

-

[ Remesh attached surfaces

Blank curves with params

Apply | ] Dismiss |
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When satisfied with the meshing parameters, press File >
Save Project to save the changes made to the model before
proceeding further.

h) Generating tetrahedral Mesh

Choose Mesh > Volume Meshing ’ > Tetra > From geometry@ A
Mesh Volume window will open as shown in Figure 3.242.
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Figure 3.242
Mesh with Meszh Yolume '@
tetrahedral
kezh pe |Tetra j
— Method

Sl .

v Smocth mesh

[terations |5 =
Min quality 0.4
[T Coarsen mesh
[terations |2 j'

Wiorst agpect ratio |EI.1

[ Smoath tansiion Factor |1.2

— Options
[ Run as batch process
[ Only visible geometny

[T Part by Part

¥ Load mesh after completion

Apply (] Dismizz

Enable Smooth transition and set Factor = 1.2.
Press Apply. This will initially use the Octree tetra mesher to create the

volume and surface mesh.

ANSYESHOEMCER-10:0

AWM TCEM CFD Tutorial Manual

317



Tetra Meshing

With Smooth transition active, the volume (tetra) elements will be
discarded. The Delauney method will then be used to re-fill the volume
with tetra elements.

The mesh will appear in the display when the meshing process is finished.
Make sure that the Mesh type Shells in the Display Tree widget is active
so that the mesh, represented by its triangular surface elements, should
appear as in Figure 3.243

Figure
3.243

The
tetrahedral
mesh

i) Assigning Prism Parameters

Select Mesh > Set Global Mesh Size % > Prism Meshing Parameters

% to open the Global Prism Settings panel as show in Figure 3.244.
Use the defaults to grow 3 layers with a Height ratio of 1.2. Rather than
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specifying an Initial height, the thickness of the prism layers will be based
on the size of the local surface triangle. Press Apply.
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Figure 3.244 _ Global Mesh Size @
Global mesh size window

— Global Mesh Parameters————

BT

— Global Prism Settings

Growth law Im
Initial height [
Height ratio |‘|27
Mumnber of layers m
Tolalheight [

Compute params |

[ Fix marching direction

Min prism guality IEID17

Ortho weight IEIEI:I*
Filetratio 010

Max prizm angle Ir

tax height over baze Ii
Prizm height et Factar Ii
Fiatio multiplier Ii

— Pnsm element part controls

Mew vaolume part I -
Side part I h
Top part I hd

[ Extude into arphan region

— Extra Options

Name|

Yalue |

Apply | (] I Dismissl
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J) Generating the Prism Mesh

Select Mesh > Mesh Prism. ﬁ' (Save and overwrite the project as
prompted.) This opens the Mesh with Prisms window as in Figure 3.245.

Figure 3.245 . .
Mesh with prism window 260 Lo S ﬂ@

Select Parts for Priem Layer |

— Smoothing Options

MHurnber of surface smoothing =
steps =

Tnangle quality type I -

MHumber af valurme smoothing 0 =
steps =

b ax directional zmaathing =
steps =

First layer smoothing steps |1 _%I

W Load mesh after completion

Apply k. Dizmizs |

Click on Select Parts for Prism Layer. In the Mesh sizes for parts window,
enable Prism for the CYL1 and CYL2 Parts, as shown in Figure 3.246.
Click Apply and Dismiss.

Figure 3.246
Selecting parts for prism mesh generation

ANSYESHOEMCER-10:0

WASSITCEM CFD

Tutorial Manual



Tetra Meshing

Part Prism Hexa-Core Max Size Height Height Ratio Mumn Layers Tetra Size Ratio  Min Size Max Deviation  [ntWwall  Splitwall
CLITIR I | E [0 [ [o [o [0 [0 r
CLO T [2 [o [o o [o [ [0 -
EE | [2 [0 [ [ [o [ [o r
L [2 [0 [0 [a [o [a [ r

LT i [2 Jo [a [a [a [a [0 I r

LVE [ r ’7

ar - r [2 [ [a [a [a [a [ I r
ELL | [2 [0 [o [o [o [0 [0 r

¥ Show size params using ref size

Please Note that Highlighted families have at least one blank field because not all entities in that family have identical entitiy parameters.

Apply Dismiss |

[v &

<]

In the Mesh with Prisms window (see Figure 3.245) enable Load mesh
after completion and select Apply to start the prism mesher.
The resultant tet/prism mesh is shown in Figure 3.247.
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Figur

3.247
Tetra
with

prism
mesh

k) Diagnostics
Check mesh

As done in the previous example, the user should go through all of the
checks for Errors and Possible problems to ensure that the mesh does not
contain any flaws that would cause problems for analysis. If a question
box pops up asking whether to delete disconnected vertices, respond by
pressing Yes.

Smoothing the Mesh

Once the ICEM CFD Mesh Editor has reported no Errors or Possible
problems, the user may continue by smoothing the generated Tetra/Prism
mesh.
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Press Edit mesh > Smooth Mesh Globally g to start the Smooth
Elements Globally window as shown in Figure 3.248

Figure 3.248 Smooth Elements &
Smooth elements globally Globally =
— Quality =
Smoothing iterations IEE ﬁ
Up to guality |EI.5
Criterian |E!ualit_l,l ﬂ

— Smooth Mesh Type

Smooth Freeze Float e

TETRA_ 4 1+ e e

TRL3 e e
PENTA 6 = r
QUAD_4 ¥ e e

— Smooth Parts/Subszets

Method I.-’-'-.II parts ﬂ

Apply | k. Digmizs |

Set Smoothing iterations to 25, Up to quality to 0.5, and Criterion to
Quality. With a Tet/Prism mesh, first smooth the interior elements without
adjusting the prisms. Under Smooth Mesh Type set PENTA 6 (the
prisms) to Freeze. The mesh quality histogram is next to the messages area
as shown in Figure 3.249. Press Apply to start the smoother.
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Figure
3.249

The
Quality
histogram
before
smoothing

0 01 02 03 04 05 06 07 08 09 1

The improvements are noticeable in the histogram seen in Figure 3.250.
There is no element below the quality of 0.2. Note that only element types
set to Smooth are included in the histogram.

Figure 24—
3.250 .
The 18+
Quality T
histogram 127
after -
smoothing 4
0— [ [

I I I I I I I I
o o1 02 03 04 05 0B 07 08 08 1

Now set PENTA 6 back to Smooth to allow the prisms to adjust as well.
So as not to modify them drastically, set Smoothing iterations to 5 and Up
to quality to 0.2 as in Figure 3.251. Select Apply to do the final
smoothing.
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Figure 3.251 Smooth Elements
Smooth elements globally Globally

window

— Quality

Smaothing iterations |5

e

Ilp to quality |EI.2

Criterion IE!uaIit_I,I

— Smooth Mezh Type

Smooth Freeze

Float

TETRA_ 4 (+ i

TRI_3 0

PENTA_E

r
o
o

QUAD_4 i

N N B Nl

— Smooth Partz/Subsets

b ethod I.-'l‘-.II parts

Rd

Apply | ]

Digmizz |

I) Saving the project

Save the mesh by selecting File > Save Project. If a question box pops up to

delete disconnected vertices, respond by saying Yes.

Close the project by selecting File > Close Project.
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3.4.4: Fin Configuration

Overview

In this tutorial example, the user will generate and smooth a combined
tet/prism mesh. The mesh will be for the fluid region surrounding a
general fin configuration, as well as for the surface of the fin. The user
will define a mesh density region for mesh control around the fin. Finally
after meshing user will perform Laplace smoothing which generally
provides more uniformly spaced mesh. The Hex-Core utility will then be
used to obtain a bulk of hex elements in the main volume.

Figure
3.252

The
geometry
with the
labeled
Surfaces
of the
exterior
domain
(Top). The
labeled
Surfaces
of the
fin(Bottom)

SUCT

m?‘ff\h%ﬂIL

PRESS

a) Summary of steps
Starting the project
Repairing the Geometry
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Assigning Mesh sizes
Generating Tetrahedral/Prism mesh
Diagnostics
Generating Hex-Core mesh
Smoothing
Saving the project

b) Starting Project

From UNIX or DOS window, start ANSYS ICEMCEFD. File
> Change Working Dir... to
SICEM_ACNY/../docu/CFDHelp/CFD_Tutorial Files>FinCo
nfig. Open the geometry file geometry.tin.

c) Repairing the geometry

Repair the geometry via Geometry > Repair Geometry > Build
o

Diagnostic Topology ¢% a4 .
Run Build Topology with the default parameters. Press Apply
d) Parts Creation

If the project only contains one part, the user needs to create
and assign separate parts for surfaces, curves, and
material/body. The surface parts (BOX, INLET, LEAD,
OUTLET, PRESS, SUCT, SYMM, TIP, and TRAIL) are
indicated in Figure 3.252.

Enable the display of Surfaces from the Display Tree widget.
To change the part names of surfaces, right-click on Parts >
Create Part. In the Create Part window enter the appropriate
Part name. Choose Create part by selection, toggle OFF
Selection of points, curves and bodies from the Select

geometry toolbar. Click on Select entities ® to select the
required surfaces with the left mouse button. After selection
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is over press middle mouse button to complete the selection
process. Continue to create the other Parts for the surfaces.
Then Press Apply followed by Dismiss to close the window.

Leave the curves and points in the GEOM part.

e) Defining the Material Point

The material of the model will be assigned to the material point, LIVE.
The LIVE material is the region that lies within the BOX, surrounding the

}E».-Fiﬂ:'i
fin. Select Geometry > Create Body 5 > Material Point. = Enter Part

as LIVE. Click on Select location(s) % to select two locations. Select
two locations (e.g. one on the fin tip and one at a box corner) and middle-
click such that the LIVE material point will appear within the volume of
interest.

f) Setting Global Mesh Size

Choose Mesh > Set Global Mesh Size % > QGeneral

Parameters % to open the Global Mesh Size window
(Figure 3.253).

Enable Natural size. Enter the value of 32 for Max element

Enter a Scale factor of 1. This value is a parameter that is
referred to by other mesh parameters. The Scale factor
allows the user to globally control the mesh size instead of
changing the mesh size on each and every entity. For further
description of this option, refer to the on-line help.

Press Apply followed by Dismiss to close the window.

ANSYESHOEMCER-10:0

WASSITCEM CFD

Tutorial Manual

329



Tetra Meshing

Figure 3253 Global Mesh Size )

Editing the Global Mesh sizes =

— Global Mesh Parameters

OOy SIS

— Global Element Scale Factor—

Scale factar | 1
[ Display

— Global Element Seed Size——

b ax element |32

[~ Display

— Matural Size
" Enabled

Size |1_

[ Display L=

Murn. of Elements in gap m

Refinernent Iﬂ[

[T lgnore wiall Thickness

Triangle tolerance |0.001

¥ Unitless ti tolerance _I
-

Apply | ] 4 Dismizs |

g) Setting Surface mesh size

Select Mesh > Set Surface Mesh Size ' > Select

surface(s). ﬁ Assign a Maximum size of 1 to the fin

100
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surfaces: i.e. LEAD, TRAIL, PRESS, SUCT and TIP. For
the outer box, define Maximum size of 4: i.e. for parts BOX,
SYMM, INLET and OUTLET.

h) Setting curve mesh size

ks
Select Mesh > Set Curve Mesh Size ‘iﬁ- > Select curves.

@ All curves are in the GEOM part. Assign size 0 to all
curves. Press ‘shift-P’ to get the list of parts Select GEOM
from the list and Accept. Set Maximum Size to 0 and Apply.

The mesh density will be a region in which one can prescribe a certain
maximum element size. This is useful for refining the mesh in a
volumetric region.

i) Creating the density regions

Select Mesh > Create Mesh Density-"":)I. A Create Density
window Figure3.254 will appear.

Use the Points option and click on Select location(s) w to
select two points from the screen. Select one point at the
base of the fin, centered on the leading edge; and one point
at the tip of the fin, also centered on the leading edge. See
Figure 3.255. Middle-click to complete the selection. Set
Size = 0.0625, Ratio = 0, and Width = 4. Press Apply in the
Create Density window. Create a similar density at the
trailing edge of the fin.
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Figure3.254

Create density window Eizeltz Dy ?

M arme | denzity.0

Size |0.0625

Ratio |0
width |4

— Density Location

From
|7F Faoint: " Entity bounds

Paints |{-1 00951 000 Wy

Apply | k. Digmizz |

Figure
3.255
Density
Creation
at the
Leading
Edge

j) Defining Parts for prisms and hexa-core

Select Mesh > Set meshing Params By Parts to open the Mesh sizes for
parts window. Enable Prism for the LEAD, PRESS, SUCT, TIP and
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TRAIL parts as in Figure 3.256. Enable Hexa-Core for LIVE and set Max
Size to 4.0. Select Apply and Dismiss.

Figure 3.256
Selecting parts for Prism and Hexa-core mesh
Mesh sizes for parts £ £ |
Part Prism  Hexa-Core  Max Size Height Height Ratio Mum Layers Max Deviation  Int'wall Spit'wal =
I rr [4 [o Jo [a Jo I r
T R | [o [o Jo [a Jo I r
INLET [ [4 [o Jo Jo Jo r r
= g w [1 [0 Jo Jo Jo u I
LIVE - ~ ’407
OUTLET = [4 [o Jo Jo Jo Jo Jo r r
PRESS W I [1 [0 Jo Jo Jo Jo Jo r r
SUET v 1 [o Jo Jo Jo Jo Jo r r
ELLLE i [4 [o Jo Jo Jo Jo Jo r r
TIP I [1 [ Jo Jo Jo Jo Jo r r
TRAL W [1 [o Jo Jo Jo Jo Jo r r =i
[V Show size params using ref size -
Please Note that Highlighted families have at least one blarik field because not al entities in that family have identical enitiy parameters,
Apply | Dismiss

Choose File > Save Project to save the changes in the Tetin
file. Accept the default project name.

k) Generating the Tet/Prism Mesh

Press Mesh > Volume Meshing . > From

Geometry@. Set Mesh type to Tetra + Prism Layers as
shown in Figure 3.257. Press Apply to generate the mesh
using the default parameters.

Note: The default prism parameters (Mesh > Set Global
Mesh Size > Prism Meshing Params) indicate 3 prism layers
using the local prism thickness based on the surface triangle
size (as no initial height is specified).
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Figure 3.257
Mesh withTetrahedra Heshiieiing @
parameters
kezh pe |Tetra j
— Method

v Smocth mesh

[terations |5 =
Mir quality [0.4
[T Coarsen mesh
[terations |2 j'

Wiorst agpect ratio |EI.1

[T Smoath transition  Factar |1.2

— Options
[ Run as batch process
[ Only visible geometny
[T Part by Part

¥ Load mesh after completion

Apply (] Dismizz

A cut plane through the complete tetra/prism mesh should
appear as in Figure 3.258.
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Figure
3.258
Tetra/Prism
mesh

1) Diagnostics
As in the SphereCube example, the user should go through all of the
checks for Errors and Possible problems to ensure that the mesh does not

contain any flaws that would cause problems for analysis. For checking,
Edit Mesh > Check Mesh

m) Smoothing

After confirming that no serious problems or errors exist, continue by
smoothing the generated tetra/prism mesh.

Select Edit Mesh > Smooth Mesh Globally. E

Several elements have a lower quality than the "acceptable"
value of 0.3 (as shown in Figure 3.259). Set the Smoothing
iterations to 5 and the Up to quality to 0.4. Make sure
Criterion is set to Quality.
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Figure
3.259
Quality of
the mesh
before
smoothing

Tetra Meshing

o]
01 02 03 04 05 06 07 08 09 1

Select the Smooth option for TETRA 4 and TRI 3 and
QUAD 4. Select the Freeze option for PENTA 6 (the
prisms) as shown in Figure 3.260.

Press Apply when the operation is complete, a new
histogram will be displayed.
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Figure 3.260  Smooth Elements &
Smooth Elements Globally Globally =
— Quality =
Smoothing iterations |5 i
Ip ta quality | 0.4
Criterion IE!uaIit_l,l |

— Smooth Mezh Type

Smooth Freeze Float o

TETRA 4 & ~ .

TRI_3 = - .
PENTA 6 0« .
QUAD_4 & . [

— Smooth Partz/Subsets

Method I.-'l‘-.ll partz |

Apply | k. Digmizz |

The histogram doesn’t change much, indicating quality can’t
be improved without allowing the prism elements to smooth
as well. Now set PENTA 6 to Smooth as well. Set Up to
quality to 0.2 as shown in Figure 3.261 to prevent dramatic
warpage of the prism layers. Press Apply.
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Figure 3.261 Smooth Elements ]
Smooth Elements Globally Globally -
— DQuality -]
Smoothing iterations |5 _,%I
Up to quality (0.2

Criterion Iﬂualit_l,l hd

— Smooth Mesh Type

Smooth Freeze Float

TETRA_4 @+ (" .

TRI_3 o f" e
PENTA B ¥ (" .
QuUAD_4  + f" e

— Smooth Partz/5ubszets

tethad I.-’-\II parts j ;I

Apply | ] I Dhamizz |

Select Info > Mesh Info. Scan the messages area to find the
number of elements in the LIVE part (the volume elements
belong to this part — tets/prisms). The information indicates
there are roughly 800,000 elements in the LIVE part.

Save the project.

7.4.8 Building the Hex-Core mesh

Select Mesh > Volume Meshing ' > From surface mesh.

Set Mesh type to Hexa-Core. This will replace the
core volume elements with Hex elements of a size = 4.0,
according to the parameters set in the Mesh sizes for parts
window.

Click Apply to start the mesher.
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A cut plane through the mesh is shown in Figure 3.262

Figure 3.262: Cut-plane showing volume mesh

Select File > Save Project As... and give the project a new
name. This preserves the existing tet/prism mesh in one
project, and the hex-core mesh in another.

Go through the smoothing steps again — as in the base
tet/prism mesh. Remember to Freeze the prism elements
until the core has been smoothed as much as possible. The
final histogram should be similar to that shown in Figure
3.263.

Select Info > Mesh Info. Now the information in the
messages window indicates the LIVE part has roughly
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200,000 elements. The Hex-Core operation cut the mesh by
roughly 75%.

Figure
3.263
Final
quality
histogram

0 ot 02 02 04 05 0OF OF 08 08 1

n) Saving the project

Save the mesh by selecting File > Save Project. If a question
box pops up asking whether to delete disconnected vertices,

respond by saying Yes.
Then close the project by selecting File > Close Project.
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3.4.5: Piston Valve

Overview

In this tutorial example, the user will define a thin cut in the Geometry to mark a region
where ANSYS ICEMCFD Tetra will generate a thin layer of elements. The user will then
generate and smooth a tetrahedral mesh for a piston valve configuration

Figure
3.264
Piston
valve
figure
with
labeled
surface
S

a) Summary of Steps
Starting the project
Repairing the geometry
Assigning the mesh sizes
Generating the tetrahedral mesh
Conversion from Linear to quadratic
Diagnostics

Saving the project
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b) Starting the Project

From UNIX or DOS window, start ANSYS ICEMCFD. File
> Change working directory
$SICEM_ACN/../docu/CFDHelp/CFD_Tutorial Files>piston
valve project. Choose its Tetin file geometry.tin.

c) Repairing the geometry

To repair this geometry, select Geometry > Repair geometry &% > Build
.I

Diagnostic Topology @ using the tolerance value of 0.3. Press Apply
in this window with the default parameters.

d) Parts Creation

After running repair geometry, define separate parts for surfaces (CYL,
INLET, PORT, SEAT, SHROUD and VALVE). Likewise, define parts for
curves (CUR) and points (PTS) as indicated in Figure 3.264.

e) Defining the Material Point

The material of the model will be assigned to the material
point, LIVE.

Utilize the Geometry> Create Bodyﬁ. This will invoke a
};ahl?i

Create body window. Here press Material point =

function to assign this material point. Then press Choose an

item button w chooses option to select 2 Screen locations.
With the left mouse button, select two locations on the port.
Press the middle mouse button, and LIVE should appear in
the model. Dynamically rotate the model to confirm that
LIVE is located within the geometry, and not outside the
geometry.
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f)  Setting global mesh size

Press Mesh > Set Global Mesh Size 1 > QGeneral

parameters I to bring up the global mesh size as seen in
Figure 3.265. Enter 0.6 as the Scale factor and 128 for Max
Element. Switch ON Natural size limit by providing the
value of 1 as shown in Figure 3.265.

ANSYESHOEMCER-10:0

Mh 1 I\ I'LI bM L I-. U Tutorial Manual 343



Tetra Meshing

Figure 3.265
Global Mesh Size Global Mesh Size &)

Window

— Global Mezh Parameters

BT

— Global Element S5cale Factor—

Scale factar | G

[~ Display

— Global Element Seed Size——

b ax element |'I2B

[~ Display

— Matural Size

¥ Enabled

Size |1

[~ Display —

Cellz in gap I'I

L] Lol

Refinement |1 I}

™ lgnore 'Wall Thickness

Triangle tolerance |0.001

v Unitless tri tolerance LI

Apply | k. Dizmizs |

Natural size allows ICEM CFD Tetra to determine local tetrahedral sizes
based on the size of the features in the model. The mesher will compare
the size of the elements to the radius of curvature of the curves and
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surfaces and the distance between the non-intersecting curves and
surfaces. Like other size parameters, Natural size is a multiplier of the
scale factor. The value given by Natural size multiplied with the scale
factor represents a minimum element size.

The Natural size > Refinement parameter defines the number of edges
along a radius of curvature. Refinement parameter is used to compute the
Natural size, consequently, the larger this parameter, the smaller will be
the computed the Natural size. Refinement should always be a positive
integer value.

Note: For more information on Natural size, see the ICEM CFD on-line help.

The value entered for Natural size limit is a factor multiplied by the scale
factor. The Natural size limit will be the minimum size of any tetrahedral
for entire model. Only if the user defines a smaller max size on the
geometry entity, the geometry will be having the smaller size. These
values will be used for the entire model by default, but the user can also
define specific natural sizes for each part by defining Minimum size for
individual entities.

Select Mesh > Global Mesh Parameters % > Tetra

Meshing Parameters %, it will open the window as
shown in Figure 3.266.
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Figure 3.266
Tetra Meshing Global Mesh Size &)
Parameters Window

— Global Mezh Parameters

B

¥ Faszt ransition

Edge criterion |EI.2

Define thin cuts |

Apply | k. Dizmizz |

To add a thin cut to the model, consider a region between
any two parts that may be thinner than the tetrahedral size
defined on then, in which a fine layer(s) of tetrahedral
elements may be created.

Note: For more information on Thin cuts, refer to the ICEM CFD on-line Help.

Select Define thin cuts, the Thin cuts window will appear,
press Select. The first part is PORT and the second part is
SHROUD. Press Add, and the two part names will appear in
the ‘Thin cuts’ window, as shown in Figure 3.267.
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Figure 3.267 =
The Thin cuts window
PORT SHROUD =
Edit entry: | Select

.-’-'-.du:ll kd ddify | Delete

Daone | Cancel |

Using parts in the Display Tree widget, the user is able to
browse the parts of the model. The close-up view of the
PORT and SHROUD part is shown in Figure 3.268, between
which the thin cut will be defined.

Figure 3.268
The PORT and SHROUD parts

| T «—PORT
| |

| +——SHROUD

.

When finished, press Done.

Select Apply in the Global Mesh Size window to activate the
modifications.

Press Dismiss to Close the Global Mesh Size window.
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g) Setting the surface mesh size

Select Mesh > Set Surface Mesh size‘ to set the meshing

parameters on the surfaces of the model. Select g and
Press the "a” keyboard key to select all surfaces.

In the Set Surface Mesh Size window (Figure 3.269), enter
Maximum Element size of 16 and press Apply.

Figure 3.269
Edit the surface meshing sizes

Surface Mezh Size @

Surtacels) [GEOM/ B - ..

b @i zize |'IE

Height |0

Height ratio | 0

Ly

Humber of layers IEI

Tetra zize ratio |EI

Minimum size | 1]

bl aw deviation |EI

Blank zurfaces with paramsl

Apply | ak. Digmizs |

h) Setting curve mesh size

-

.1 :
Next, select Mesh > Set Curve Mesh size “« to set the meshing
parameters on the curves of the model.

Select @ Press the "a" keyboard key to select all curves.
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In the Curve Mesh Size window (Figure 3.270), enter all the
parameters 0. Press Apply followed by Dismiss to close the
window.
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Figure 3.270
Curve mesh size window

Make sure that Surfaces and Curves are visible in Display
Tree widget. Right click on Surfaces > Tetra sizes and

Tetra Meshing

Curve Meszh Size @

— Curve Meszh Parameters

Method |General ﬂ

Select Curve(z) m @ ...

M aximum Size ’EI—
Murnber of Modes ’—
Height [0

R atio ’EI—

widh [0 2

kinimurn size ’EI—

M airnum desviation ’EI—

—Advanced Bunching

Bunchirg law | |

Spacing 1 |

Ratio 1 |

Spacing 2 |

Ratio 2 |

Max Space |

I Adust attached curves

[™ Fiemesh attached surfaces

Blank, curves with paramsz

Apply k. Dizmizs

ANSYESHOEMCER-10:0

WASSITCEM CFD

Tutorial Manual



Tetra Meshing

Curves >Tetra sizes. Check that all the surfaces have the
Maximum element size of 16, and curves have size of 0.

Choose File > Save project to save the additions to the tetin
file.

i) Generating the Tetrahedral Mesh

Click on Mesh > Volume Meshing ’ > From Geometry

Tl
EﬁlPress Apply to create the mesh
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Figure 3.271

Mesh with Tetrahedral window Mesh Yolume )
tezh pe |Tetra ﬂ
— Method

(I

v Smooth mesh

Iterations IE =

Min quality 0.4

[ Coarzen mesh

[terations |2 _%I
Wwiorgt agpect ratio IEI.1

[ Smoath kansiion  Factor |1.2

— Optionz
¥ Run az batch process
[ Only vizible geametny
[~ Part by Part

¥ Load mesh after completion

Apply k. Dizmizs

When the meshing process is complete, the user should
make sure that the element type Triangle is highlighted in
the Display Tree widget. Zoom in on the region between
PORT and SHROUD where the thin cut was defined, the
mesh should resemble Figure 3.272.
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Figure 3.272
The mesh in the Thin cut region

j)  Checking the mesh

Check the mesh for different errors and possible problems with Edit Mesh
> Check Mesh.

k) Conversion of Elements from Liner to Quadratic
Choose Edit mesh >Convert Mesh Type ‘i > Create Mid Side
Nodeq . A new window will appear as seen in Figure 3.273. Switch

ON Mid Face node and choose all elements to be converted to quadratic
before selecting Apply.
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Figure 3.273 Conwvert Mesh
Linear to quadratic window Type

Conwvert Mesh

“ATR 0B
R

Create Mid Side Nodes
[ Mid face node

v Projectto geometny

v Calculate projection

Talerance [0.01

Check max

[ Check dewiation

IEI.‘I BEGBERA

[ Check angle
300
[ Check chard

0.35

[ Onalky selected elements
Tetra 10 elements
[ Standard check

[~ Strong check

7 Automatic refinement

=i

Apply | Ok | Dismiss|

The TRI 3 elements get converted to TRI 6 and TETRA 4

get converted to TETRA 10 as seen in the Figure 3.274.
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Figure 3.274
The mesh
after
conversion

I) Diagnostics
As in the SphereCube example, the user should go through all of the
checks for Errors and Possible problems to ensure that the mesh does not
contain any flaws that would cause problems for analysis.

m) Saving the Project
Save the mesh by selecting File > Save Project.

Close the project by selecting File > Close Project.
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3.4.6: STL Configuration

Overview

In this tutorial example, the user will import STL data to the ANSYS
ICEMCFD Mesh Editor. After extracting a single curve from the model,
the user will segment this one curve into multiple curves to be used for
segmenting the surfaces. The surfaces and material points will then be
defined according to parts. From there, the user can set meshing
parameters for the model for input to Tetra. Lastly, the user will generate a
tetrahedral mesh for the configuration.

a) Summary of Steps

Converting STL file to Geometry file
Extracting the curves

Segmenting the curves

Segmenting the surfaces

Assigning the parts

Generating the tetrahedral mesh
Adding prism a layer
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Subdividing the prism layer
Saving the Project
b) Converting the STL File to a Geometry File
Start the ANSYS ICEMCFD Mesh Editor.

Select File > Import Geometry > STL to translate the STL
data into a triangular surface mesh. From the File selection
window, choose the geometry.stl file and press Open.

When the import is complete, the extracted surface will be
displayed in its Simple form.

Figure 3.275
Detailed display of the
surface

|
Wl

In the Display Tree widget, Select Surfaces >Show Full to
see the surface. Reset the display to Simple before preceding
to speed-up the display.
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¢) Extracting the Curve
At this point, the geometry is defined by only one surface in one part. In
order to proceed, the user need to extract the curves from the surface and
rename all of the entities.

Select Geometry > Create/Modify Curve Y > Extract

curves from Surface " . Click on @ select surfaces
option for surfaces and Select the surface with the left mouse
button. Complete the selection by pressing the middle mouse
button. Enter 45 as the Angle for Faceted surface and 1 as
the Min. number of segments and enter Both under Which
curve segments as seen in Figure 3.276.
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Figure 3.276

. . Create/Modify Curve &)
Settings for extracting curve

Part [CURVES R =
Mame |CURVES. 00

;dw@@

— Extract Curves from Surfaces

Surfaces lﬁ ﬁ . -

Angle for faceted sufaces |45—
tin fumber of segmentz I'I—
Which curve segments Im

Apply | ] Digmnizz |

Press Apply to perform the extraction.

The curve extraction procedure is based on the Angle. If the Angle
between parts of the surface is greater than a threshold angle, a curve
segment will be created along the common edge. The extraction of curves
can be based on the boundary, the interior or both.

Only interior: Where only curves on the interior are
extracted, provided the feature angles between the triangles
are greater than the threshold value.

Only boundary: Where all curves are extracted from the
boundary of the surface family.

Both: Both interior and exterior regions are extracted.
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d) Segmenting the Curves

The curve, extracted so far, includes several closed-loop curves in distinct
regions of the model, but is still considered one curve. Now user needs to
segment this curve into unique entities.

To do so, the user is asked to see the curve names by right
clicking on Curves > Show Curve Names in the Display
Tree widget. Notice that the curve is named CURVES/0.0 is
the first curve in CURVES.

*\M/F

Select Geometry > Create/ Modify Curve

> Segment

A

Curvelf(El
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Figure 3'_277 Create/Modify Curve ':ﬁ:}'
Segmenting curves

Part [CURVES =
Mame |CURVES.00

AU G
;ﬁwa@

— Segment Curve

ISegment by angle ﬂ

Curve Iﬁ @ =
Angle |2EI
kinimum number of seaments |1

[ Keep original

Apply | ] Dismizs |

Select the CURVE/0.1 curve and complete the selection. A
Segment curve window will appear as shown in Figure
3.277.

In the Segment Curve window, select segment faceted by
angle of 45 as the criterion. Press Apply to perform the
segmentation.

This will create a set of 22 new curves whose names will label them in the
display (CURVES/0.0.1 to CURVES/0.0.22).
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Note: If the user is experimenting with the angle, and is unsure of the outcome of
the operation; use Keep Original, in order to try different operation parameters
on the curve.

In some models, particularly those with sharp features where the angle of

extraction was set very small, the user would next extract points from the
curves.

e) Segmenting the Surface

Now, based on these new curves, the user can segment the surface into
regions on which to generate mesh.

Select Geometry >Create/Modify  Surface Y>

Segment/Trim Surface

Select the surface with the help of the left mouse button and
complete the selection using the middle mouse button. A
Segment Surface window will appear as seen in Figure
3.278. In the Method select Faceted Surfaces by Angle.
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Figure 3.278  Create/Modify &)
Segmenting the surfaces Surface =
Part |SURFS Ep=

I
8des

— Segment Surface

kethod IB_',' Angle j

Surface Iﬁ ﬂ o
Angle |25
inirmum number of segments |1

[ Keep original LI

Apply | Ok I Dismiss |

To segment the surface with Faceted Surfaces by Angle,
select surface from screen.

Enter Angle as 25 and keep other option as default.

Press Apply to create the new surfaces (FAM.1/0.1 to
FAM.1/0.8).

Turn OFF the Curves names by right clicking on Curves >
Show curve names and turn ON Surfaces > Show surface
names in the Display Tree widget to see the new surfaces
labeled.
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f) Parts creation
Rename new surfaces in order to create distinct parts in the model.

Right click on Parts >Create part to open the create part
window. In that window click on Create Part by

selection&. Then Click on % to select the desired,
surfaces, curves, points and material. Select the two surfaces
that make up the walls of the model as seen in Figure 3.279
and complete the selection.

Figure 3.279
Selecting WALL entities

In the Create Part window, enter the part as WALL and press
Apply.
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Figurg 3.280 Create Part '@
Creating the WALL part

Part [\wiall =
— Create Part

&bl €

— Create Part by Selection

Entities |surface [ ";-L';,

[ Adjust Geometry Mames

-l
|

Apply | 0k, Digmizs

Make the WALL part invisible in the Display Tree widget
for easy selection of the remaining surfaces. Using the same
procedure as when creating the WALL part, create parts for
the remaining surface segments as seen in Figure 3.281.

Figure 3.281
Part definition of inlet and OUTA-0 S
outlet surfaces ’ OUT2-0.6
P
¢ OUTLl-0.1
MM-_.--"'J
{EEJ}]TE«»“DA ll-ijJUTS/D .7

ET/III 8
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Similarly, add each curve to the part of the surface they
circumscribe by right clicking on Parts> Create part > Create

Part by Selection & Then click on the % to select the
desired option. Now the toolbar selection window will pop
up on the screen. Toggle OFF selection for points, surfaces
and materials

Display only curves in the Display Tree widget and select
the remaining curves by drawing a box around them using
the left mouse button Continue by adding them to the WALL
part.

g) Defining the Material Point
To perform the cutter operation in the tetra mesh generation process, the
user needs to define material points inside and outside the volume. Since

user is interested in flow within the model, the material inside the volume
will be called LIVE and the material outside the volume ORFN.

g };hﬂ
Select Geometry > Create body > Material point =

Figure 3.282
Creating the LIVE volume
part T2 5
OUT4-0. 5
307 Youts 0.4
eI T1-0. 1
+LIVE
-—IHLET~0.48
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Select a point on INLET and a second point diagonally
opposite the first point on OUT1 and Press Apply.

The material point LIVE will appear inside the volume as shown in Figure
3.282. Rotate the model to make sure that it’s within the volume.
If the material point is in the wrong position, choose Geometry > Delete

Bodies B select it and then Apply. The Material point will be removed
from the screen. Now redefine the material point using the same procedure
described above.

h) Assigning the Mesh Sizes
The User can define meshing parameters in several ways. In this example,
the user will define them on the model, on the surfaces, and on the curves.

i) Setting Global mesh size

Select Mesh > Set Global Mesh Size % > General

parameters %, it will open the Global Mesh Size
window, (Figure 3.283), enter a Scale factor of 2.0, a Max
Element of 128, Natural size of 1, Natural size > Refinement
of 10, and Tri tolerance of 0.001. Leave the other parameters
at their default settings. Press Apply and then Dismiss.
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Figure 3.283 : el
Edit the Global mesh sizes Global Mesh Size

— Global Mezsh Parameters———— «

BT

— Global Element Scale Factor—

Scale factar |2
[ Display

— Global Element Seed Size

bl ax element |128

[ Display

— Matural Size

¥ Enabled

Size |1
[ Display

Cellz in gap |1

L] Lol

R efinement |1 1]

[T lgnore wall Thickness

Triangle tolerance |EI.EIEI1

W Unitlezs tri tolerance

Apply | k. Dligmizs
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Select Mesh > Set Global Mesh Size B& > Tet Meshing

Parameters %, it will open the window as shown in
Figure 3.284. Turn ON Fast transition and press Apply.

Figure 3.284

Tetra Meshing Global Mesh Size &
Parameters
Window — Global Mezh Parameters

@R |

¥ Fast transition

Edge criterion |EI.2

D efine thin cuts | _|

Apply | k. Dligmizz

j)  Setting surface mesh size

Next, Select Mesh > Set Surface Mesh Size“ to set the
meshing parameters on the surfaces of the model.

Select ﬂ and Press the "a" keyboard key to select all
surfaces.
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Figure 3.285 .
Edit the surface mesh sizes Surface Mesh Size @

Sutacels) [GEOM [ . ..

b airnLnn zize |2

Height [0

Height ratia |EI

4l

Mumber of layers IEI

Tetra zize ratio |EI

birimum size | 1

b ax deviation |EI

Blank surfaces with params

Apply | 2k, Dismnizs

In this Surface Mesh Size window (Figure 3.285), enter a
Maximum element size of 2 and press Apply followed by
Dismiss.

k) Setting the curve mesh size

By default, for a new geometry, the mesh size on all curves
1s zero and therefore need not be set. If, however, the user
needs to set mesh size on some or all of the curves the
following procedure may be used.

-

. T ,
Select Mesh> Set Curve Mesh Size * to st the meshing
parameters on the curves of the model.

Select @ and use one of the selection methods to pick
some or all curves.
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In the Curve Mesh Size window (Figure 3.286), enter a
value for Max Size parameters. Press Apply followed by
Dismiss to close the window.

Figure 3.286 Curve Mesh Size @
Edit the curve mesh sizes

— Curve Mesh Parameters

Method |Genelal j

Select Curve(z] lﬂ @ ..

I aimum Size ,07
Nurnber of Modes ,7
Height [0

Ratior ,07

widh [I =

Mirimurm size ,07
Mairmurn desviation lﬂi

— Advanced Bunching

Bunching law I—LI
Spacing 1 ’7
Ratiod [
Spacing 2 ’7
Ratoz [

Max Space ’7

™ Adjust attached curves

[” Fiemesh attached sufaces

Blank curves with params |
Apply | ak I Dizmizs |

Next, save this configuration as a Tetin file, be sure that all entities are
displayed so that they will be written to the file.

Press File > Save Project to save this data.
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I) Generating the Tetrahedral Mesh

Select Mesh > Volume Meshing . > From Geometry @ Press Apply
in Mesh with tetrahedral window (Figure 3.287). After the mesh is
generated, it will be as seen in Figure 3.288.
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Figure ?_"287 . Mezh Yolume @

Mesh with Tetrahedral window i
kezh wpe ITetra j
— Method

el .

¥ Smooth mesh

[teratians |5 =
Min quality 0.4
[T Coarsen mesh
[terations |2 j'

Wiorst azpect ratio |EI.1

¥ Smooth transition  Factor |1.2

— Options
¥ Run az batch process
[ Only visible geometny
[~ Part by Part

¥ Load mesh after completion

Apply ] Digmizz
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Figure 3.288
The complete mesh

As in the SphereCube example, the user should go through all of the
checks for Errors and Possible problems to ensure that the mesh does not
contain any flaws that would cause problems for analysis.

m) Saving the Project

Save the mesh by selecting File > Save Project. If a question
box pops up asking whether to delete disconnected vertices,
respond by saying Yes.

Close the project by selecting File > Close Project.

n) Adding Prism Layers

In this example, adding prism layers as a seperate process will be
demonstrated. To make sure the prism mesh is computed with highest
quality, the user must check the quality of the tetra mesh for smoothness.
In general, one of two strategies may be taken. The user can grow the
desired number of layers, or grow a single layer and subdivide later. The
single layer to can be optimally divided for a desired initia height and
growth ratio. For this example we demonstrate the latter method.
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select Edit Mesh > Smooth Mesh. Set Up to Quality
parameter to 0.4. Press Apply. After three trials, the mesh
quality increases to 0.37.

on Global parameters > Global Prism Parameters, Set Initial
height to 2 and the Number of leyers to 1 as shown in Figure
3.289.

o)

Figure 3.289 Global Mesh Size
Global Prism
Parameters

Global Mesh Parameters -

BDRY

Global Prism Settings

Growth lawr ’m
hiial height [2
Height ratio ’127
Mumber of layers ﬁ
Totslheight [ ||

Compute params

[ Fixrnarching directian

in prisem quality (001
Orthoweight (0.50
Fillet ratio |0.10

hd

bd=mw nricrn anmla 11810

8] | Dismiss ‘

Apply

select Mesh > Prism to set parts to grow prism from and
specify detailed prism mesh size parameters as shown in
Figure 3.290. Click on Select Parts for Prism Layer.
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Figl_Jre 3.290 Mesh with Prisms P
Prsim mesh
paramaters Select Parts for Prism Layer ‘

Smoothing Options

Murnber of surface fl
smoothing steps =

Triangle guality type |laplace j

MHurnber of volume 0 fl
stnoothing steps =

Meax directional fl
smoothing steps 2
First layer smoathing fl
steps =

Load mesh after
completion

Apply ‘ 0K | Dismiss‘

In the ensuing table, Figure 3.291, click on walls check box.
Note also the individual parameters, such as Initial height,
Ratio and Number of layers, that can be defined any part in
the list. Here we leave these parameters blank. Press Apply
and follow with Dismiss.
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Prism parts table

Part
CLURWES

INLET
LIvE
OUTLET1
OUTLETZ
OUTLET3
OUTLETA
OUTLETS
WALL

Prism Hexa-Core Max Size Height Height Batio  MNum Layers T
- G F | F g
roor E [o [0 [0 f
roor oo

| m [2 o o [o o
roor E [o [0 [0 f
roor [z o o [o o
| m E o o [o [
roor E fo [ [0 [
Voo E o [0 [0 [0

v Show size params using ref size

Flease Mote that Highlighted families hawe atleast one blank field because not all entities in that far

Apply | Dismissl

On the prism form ( Figure 3.290) press Apply to start prism
mesh computation. By default the prism domain will be
loaded.

Generally it is a good idea to check the quality of the hybrid
mesh (tet + prism). Select Smooth mesh icon on Edit Mesh
to invoke the smooth mesh panel. Figure 3.292 shows this
panel. Set Up to Quality to 0.3, and press Apply. Repeat the
smoothing several times until the quality approaches 0.3.

Save the mesh by selecting File > Save Project. If a question
box pops up asking whether to delete disconnected vertices,
respond by saying Yes
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Figure 3.292 Smooth Elements )
Smooth hybrid Globally s
mesh Quality R

Smoothing iterations |5 §| ]
Up to quality [0.3
Criterion |Cluality j

Smooth Mesh Type

Smooth Freeze Float

TETRA_ ' r 'S
4
TRI_3 o f" ~
PENTA_ " e~ -
b
QauaD_4 & f'" -

Smooth Parts/Subsets

Method |All parts - ﬂ

Apply ‘ oK | Dismiss‘

0) Subdividing the prism layer

On model tree > mesh, select Cut Plane and observe the
single layer of prism, Figure 3.293.

Select Edit Mesh Tab > Split Mesh > Split Prism, it will
open a window as shown in Figure 3.294, press Apply,

The single prism layer breakes into 5 layers, Figure 3.295.
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Figure 3.293 Cut plane showing a layer of prism
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Figure 3.294
Split prism window

Split Mesh &

OV
.

Split Prism Parts |LIVE N -

Split Prisms
Method

" Fixratio Fixinitial height

Initial layer height [0.2

MNumber of layers |5 il

[ Split anly specified layers

—

Apply ‘ Ok | Dismiss‘
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Figure 3.295
A single was subdivided into 5 layers

For a fixed of number of layers (5) and the total thickness,
the layers can be redistributed to achieve the optimum initial
height.

Select Edit Mesh Tab > Move Nodes > Redistribute prism
edg,, Set Initia height to 0.1 and press Apply. The ratios will
be adjusted.

p) Saving project
Save the mesh by selecting File > Save Project.

Close the project by selecting File > Close Project.
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3.5: Tetra Meshing Appendix

3.5.1: Mesh Editor - Before Creating the Tetra Mesh

Before generating the Tetra mesh, the user should confirm that the model
is free of any flaws that would inhibit the creation of optimal mesh. If the
user wishes to save the changes in the native CAD files, the following
checks should be performed in a direct CAD interface.

Missing surfaces or holes

To create a mesh, ANSYS ICEMCFD Tetra requires that the model
contains a closed volume. If, however, there are any holes (gaps or
missing surfaces) in the geometry that are larger than the reference tetras
in that particular location, Tetra will be unable to find a closed volume.
Thus, if the user notices any holes in the model prior to mesh generation,
the surface data should be fixed to eliminate these holes.

Mostly the holes can be found using the Geometry > Repair Geoemtry >
Build Topology option. It should give you yellow curves for the regions
where there are big cracks or missing surfaces.

If holes are not apparent to the user, but they are unsure of the model’s
integrity, they can still run Tetra. After the run Tetra automatically figures
out the holes and prompts the user to close the holes interactively. For
further information on the process of interactively closing holes, refer to
the description later in this section or see the Mesh Editor on-line Help.

Curves and points on sharp edges

ANSYS ICEMCFD Tetra requires curves at locations where the user is
interested in capturing geometric features where two surfaces intersect.
Curves in Tetra indicate to the mesher that nodes of the mesh should be
aligned along a feature. Refer to the two examples in Figure 3.296.
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Figure
3.296
Example-
1
illustrates
two flat
surfaces,
with a
fillet
surface
going Ezample 1 Example 2
between

the two.

In

Example

2, the two

flat

surfaces

meet.

In Example 1, the tetra mesh will round along the filleted region. The
mesh does not have to conform to the edges of the surfaces. In fact if the
mesh did have to conform to the edges of the surface, the mesh could be
over-constrained, since if the mesh size is large, the mesh might jump
from one edge to the other edge and neglect to model the fillet region.
Thus, the curves at the top and bottom of the filleted surface shouldn’t be
included in the model.

It is important to include the curve in Example 2, since it will force Tetra
to locate nodes along this corner.

Points are also necessary to capture the corners of curves. If two curves
intersect at a sharp angle and the user wishes to capture this feature, a
point must be created in the corner of intersection.

Sizes on surfaces and curves

To produce the optimal mesh, it is essential that all surfaces and curves
have the proper tetra sizes assigned to them. For a visual representation of
the mesh size, select Surfaces > Tetra sizes from the Display Tree
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widget... The same can be done with Curves. Tetra icons will appear,
representing the element size of the mesh to be created on these entities.
Using the mouse, the user may rotate the model and visually confirm that
the tetra sizes are appropriate. If a curve or surface does not have an icon
plotted on it, the icon may simply be too large or too small to see. In this
case, the user should modify the mesh parameters so that the icons are
visible in a normal display.

The user should also make sure that a reference element size has been
defined. To modify the mesh size for all entities, adjust the Scale factor,
which is found through Mesh > Set Global mesh size. Note that if 0 is
assigned as the scale factor, Tetra will not run.

To make sure that sizes are defined for all of the surfaces, activate all Parts
and Surfaces in the Display Tree widget. Then, select Mesh > Set surface
mesh size. Press the right mouse button to Dismiss the selection mode and
in the params window, check the box for Blank surfaces already done.
This will blank all surfaces in the model. Any surfaces that remain visible
need to have proper tetra sizes defined. The same check should be done
for Curves.

Material point(s)

From the Display Tree widget, Make bodies visible and right click on
Bodies > By name. Dynamically rotate the model to confirm that each
closed volume has a material assigned to it. If a closed volume does not
have a material assignment, provide one for the region.

The user need not define material point ORFN for every dead region as
Tetra automatically finds the dead regions and throws them out. When
periodicity is defined; however it is preferable to assign material point to
speed up the meshing process.

Converging or thin regions between objects

Examine the regions between two surfaces or two curves that are very
close together or converging and check whether the tetra sizes (refer to the
tetra icons) are small enough so that at least 1 or 2 tets would fit through
the thickness. If the tetra sizes are not small enough, the user should select
to define thin cuts between the two surfaces. To define a thin cut, the two
surfaces have to be in different parts; if the surfaces are converging, the
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curve at the intersection of the surfaces will need to be in a third, different
part.

If the tetra sizes are larger or approximately the same size as the gap
between the surfaces or curves, the surface mesh could jump the gap, thus
creating non-manifold vertices. These non-manifold vertices would be
created during the meshing process. Tetra automatically attempts to close
all holes in a model. Since the gap may be confused as a hole, the user
should either define a thin cut, in order to establish that the gap is not a
hole; or make the mesh size small enough so that it won’t close the gap
when the meshing process is performed. A space that is greater than 2 or 3
elements in thickness is usually considered as a hole.

Density control

3.5.2: Tetra

The Three modes for Tetra are: From geometry, From geometry and
surface mesh and From surface mesh.

From Geometry

In this mode, the user can accept the default parameters by selecting
Apply from the Mesh with Tetrahedral window. Additionally; the user
may also modify any of the parameters before selecting Apply.

There are some options to mesh:

Smooth mesh

This will attempt to improve the quality of the Tetra mesh to Min. quality
in a particular number of iterations. If you give iterations as 0, the
smoother will not run on the tetra mesh.

Coarsen mesh

This will attempt to coarsen the mesh for the elements whose
aspect ratio is below the specified value.

Smooth transition
This option is used to have the smooth transition of tetra height.
Factor
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This is the ratio of the height of the tetra elements in (inner) layer to that
of the next outer layer

Additional Options:
Run as batch process

This option is used to run the stand-alone tetra mesher. In
order to run tetra in batch, we need to save the problem
before we start the tetra mesher.

Only visible geometry

Part by part

This will mesh the only visible geometry on the screen.

This option will do meshing part by part

Load mesh after completion

Loading the tetra mesh after meshing will automatically
invoke the domain file (named tetra_mesh.uns by default),
when the Tetra batching process is complete. If this option is
not selected, then tetra will not load the mesh in the screen.

From Geometry and From surface mesh.

An Existing surface mesh file should be provided in order to
select the triangular mesh for different parts. The Part
window is displayed so that you can select the parts you
want for which the surface mesh should be used.

From surface mesh

This option uses only surface mesh to create tetra mesh

Once the mesh is generated, the Mesh Editor automatically
tries to figure out if there are any holes in the model. If there
are, it displays a message like "Material point ORFN can
reach material point [volume part name, e.g. LIVE]" in the
messages window. You will be prompted also with a dialog
box saying "Your geometry has a hole, do you want to repair
it?” If there is leakage in the geometry, a jagged line will
appear in the display. All elements attached to the hole
would also be displayed. Additionally, a window would
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appear to help the user fix the problem. Go ahead and accept
the defaults by pressing Accept. Select the single edges in
the rectangular box when prompted and that should fix the
problem. If there were additional holes, it would keep the
user in a loop until the problem is fixed.

3.5.3: Editing the Tetra Mesh

The two main criteria in validating a Tetra mesh are Check mesh and
Smooth mesh globally, both of which are found under the Edit mesh
menu.

Check Mesh

From the Edit mesh> Check mesh, Then, Press Apply.

The user can Check/fix each of the problems at this time, or can opt to
create subsets for each of them so that they can be fixed later. Using
subset manipulation and mesh editing techniques diagnose the problem
and resolve it by merging nodes, splitting edges, swapping edges,
delete/create elements, etc.

For subset manipulation, Right click on Subset > Modify in the mesh
under Display Tree widget. Ordinarily, the user will select to

Add layer from the Modify subset window.

Keep in mind that after editing the mesh diagnostics should be re-checked
to verify that no mistakes were made.

There are several Errors as well as possible problems checks. The
descriptions of these are as follows:

Errors > Duplicate elements

This check locates elements that share all of their nodes with other
elements of the same type. These elements should be deleted.

Please note that deleting elements during the automatic fix procedure will
remove one of the two duplicate elements, thus eliminating this error
without creating a hole in the geometry.

Errors > Uncovered faces

This check will locate any face on a volume element that neither touches a
surface boundary nor touches another internal face. This error usually
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indicates that there is a hole in the volume domain. It is unlikely that this
error would occur in the initial model -- usually, it results during manual
editing when the user happens to delete tetra or tri elements.

The automatic Fix Feature will cover these uncovered faces with triangles.
This may or may not be the proper solution. A better method may be for
the user to first Select the flawed elements and then decide if the
uncovered faces are the result of missing surface mesh or the result of a
hole. If it is due to missing surface mesh, the Fix option will eliminate the
problem (re-run the check and select Fix). If the error points out a hole in
the model, the user can attempt to correct the grid by creating tetras or
merging nodes manually.

Errors > Missing internal faces

This check will find pairs of volume elements that belong to different
families, but do not have a surface element between the shared face. This
error, like uncovered faces, should not occur in the original model and
would most likely result from mistakes made during the manual editing
process. The tetra cutter will detect this problem as leakage. The automatic
Fix Feature will create a surface mesh in between these cells.

Errors > Periodic problems

This check will compare the families that were selected to have periodic
nodes and would report an error if they mismatch or if there is a missing
connection. This should be repaired by hand using Edit nodes > Periodic
> Make periodic or Remove periodic. The user should not get this error
unless they have edited on the mesh.

Errors > Volume orientations

This check will find elements where the order of the nodes does not define
a right-handed element. The automatic Fix feature will re-order the mis-
oriented elements’ nodes to eliminate this error.

Errors > Surface orientations

This checks the direction of the face normal to the elements. This check
will indicate any location where tetras share the same volume, but not the
same nodes (duplicate elements are elements that occupy both the same
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volume and the same nodes). The error that indicates a major problem in
the connectivity in the model, need to be fixed manually. Usually this can
be done by clearing a subset and adding specific elements to it in the
location where the orientation problem was found.

The orientation errors will be displayed in the messages window with the
location. The user can then select View > Add marker and enter in the
coordinates reported in the message window. This will place a marker,
with the name assigned by the user, at the assigned location. Then, select
Modify from the subset menu. Proceed to select Add > Specific from the
Modify subset window and then enter the coordinates in the box and select
near position. The user then has to fix the orientation errors by editing the
volume elements so that the criss-crossing of elements is eliminated. This
is typically done by merging nodes and/or splitting edges.

Note that Diagnostics > which elements doesn’t pertain to this check.

Possible problems > Multiple edges

This check will find elements with an edge that shares more than two
elements. Legitimate multiple edges would be found at a "T"-shaped
junction, where more than two geometric surfaces meet.

Possible problems > Triangle boxes

This check locates groups of four triangles that form a tetrahedron, with
no actual volume element inside. This undesirable characteristic is best
fixed by choosing Select for this region and merging the two nodes that
would collapse the unwanted triangle box.

Possible problems > Single edges

This check will locate surface elements that have an edge that isn’t shared
with any other surface element. This would represent a hanging edge and
the element would be considered an internal baffle. These may or may not
be legitimate. Legitimate single edges would occur where the geometry
has a zero thickness baffle with a free or hanging edge or in a 2D model at
the perimeter of the domain.
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If the single edges form a closed loop -- a hole in the surface mesh -- the
user can select Fix when prompted by the corresponding menu. A new set
of triangles will then be created to eliminate the hole.

Possible problems > 2-Single edges

This check will locate surface elements that have two edges as single
edges. Mostly these elements should be thrown out.

Possible problems > Single-Multiple edges

This check will locate surface elements that have an edge which is single
and another which is multiple.

Possible problems > Stand-alone surface mesh

This check locates surface elements that do not share a face with a volume
element. These can generally be deleted, in the case of a volume mesh.

Possible problems > Delaunay-violation

This check finds the elements if they are violating the Delaunay rule.
Delaunay rule says that a circumscribed circle around a surface triangle
should not have any additional node in the circle. Often this can be
removed by doing the diagonal swapping at that location.

Possible problems > Overlapping triangles

It depects triangles which lie on top of each other though they may not be
sharing any nodes or edges. These can be taken care of by
moving/merging the nodes or splitting/swapping the edges.

Possible problems > Non-manifold vertices

This check will find vertices whose adjacent elements’ outer edges don’t
form a closed loop. This problem usually indicates the existence of
elements that jump from one surface to another, forming a "tent"-like
structure, as shown in Figure 3.297.
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Figure 3297 . wypifold" wertex @ "non-manifold® vertex
In a "manifold"

vertex, the  outer edges form a outer edges do not form a
outer edges clnsed Tanp clozed loop

form a closed

loop, thus
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problems to

the mesh

quality  (Left).
With a " non-
manifold"
vertex, the
outer edges do
not form a
closed loop,
acting as a
barrier in the
free domain
(Right)

The automatic Fix option for possible problems should only be employed
if the non-manifold volumetric mesh is within the surface mesh that is
disconnected. If there is volume mesh on both sides of either surface
mesh, do not use the automatic Fix Option. Instead, choose Select and
split one of the normal edges.

Possible problems > Un-connected vertices

This check finds vertices that are not connected to any elements. These
can generally be deleted.

Smoothing

After eliminating errors/possible problems from a tetra grid, the user needs
to smooth the grid to improve the quality. To do this, select Edit mesh >
Smooth mesh Globally
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Figure 3.298 gﬂ'ﬂ"a“}ﬂeme"“ 9
Smooth mesh
globally window [ Quality
Smoathing iterations |5—j|[
Up ta quality IDJED*

Criterion IQuaIit_l,l -

— Smooth Mesh Type

Smooth Freeze Float

TETRA_4 (v o [

TRI_3 i o [

— Smooth Parts/Subsets

Method |.&II parts j
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— Advanced Ophions
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¥ Allow node merging
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™ Relative Tolerance
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Smoothing iterations: This value is the number of times the
smoothing process will be performed. Displays with a more
complicated geometry will require a greater number of
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iterations to obtain the desired quality, which is assigned in
Up to quality.

Up to quality: As mentioned previously, the Min value
represents the worst quality of elements, while the Max
value represents the highest quality elements. Usually, the
Min is set at 0.0 and the Max is set at 1.0. The Up to quality
value gives the smoother a quality to aim for. Ideally, after
smoothing, the quality of the elements should be higher than
or equal to this value. If this does not happen, the user
should find other methods of improving the quality, such as
merging nodes and splitting edges. For most models, the
elements should all have ratios of greater than 0.3, while a
ratio of 0.15 for complicated models is usually sufficient.

Criterion: User can select any criterion to display from pull
down menu.

Smooth: If the Smooth option is toggled on for a particular
element type, then this element will be smoothed in order to
produce a higher grid quality. Element types that have the
Smooth option selected will have their qualities appear in the
associated histogram.

Freeze: If the Freeze option is selected for an element type,
the nodes of this element type will be fixed during the
smoothing operation; thus, the element type will not be
displayed in the histogram.

Float: If the Float option is selected for an element type, the
nodes of the element type are capable of moving freely,
allowing nodes that are common with another type of
element to be smoothed. The nodes of this type of element,
however, are not affected during the smoothing process and
so the quality of these elements is not displayed in the
histogram.

Advanced options:

Only visible subsets
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This smooth only visible subsets.
Active parts only

This will smooth only active parts from the screen.
Laplace smoothing: This option will solve the Laplace equation, which
will generally yield a more uniformly spaced mesh.

All elements
This will smooth all the visible and invisible elements.

Violate geometry: Selecting this option allows the
smoothing operation to yield a higher quality mesh by
violating the constraints of the geometry. When this option is
activated; however, the smoothing operation has a greater
degree of freedom. The nodes can be moved off of the
geometry to obtain better mesh quality, as long as it remains
within the absolute distance that is specified by the user.

Tolerance: Allowance to so that smoother can violate
geometry by mentioned distance.

Min edge: Minimum edge that is allowed to occur after
smoothing.

Length: Value of the minimum edge.

If the user has highlighted bars from the histogram and
selected to Show them on the model, choosing Select will
modify the display so that only those elements are visible.
These elements are also placed into a Subset. The visibility
of this subset is controlled by toggling Display subset from
the Display window. The contents of the subset may also be
altered with the Modify option.

Add select: This option allows the user to add elements to
an already established subset.

Quality metric

Changing this option allows the user to modify what the histogram
displays.
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Quality: This histogram displays the overall quality of the
mesh. The x-axis measures the quality, with 0 representing
poor quality and 1 representing high quality. The y-axis
measures the number of elements that belong within each
quality sub-range.

Quality (4.3 version): This will calculate the quality as per
the 4.3 version.

Aspect ratio: For HEXA 8 (hexahedral) and QUAD 4
(quadrilateral) elements, the Aspect ratio is defined as the
ratio of the distances between diagonally opposite vertices
(shorter  diagonal/longer diagonal). For TETRA 4
(tetrahedral) elements, MED calculates the ratio between the
radii of an inscribed sphere to a circumscribed sphere for
each element. For TRI 3 (triangular) elements, this
operation is done using circles. An Aspect ratio of 1 is a
perfect cell and an Aspect ratio of 0 indicates that the
element has zero volume.

Determinant: This histogram is based on the determinant of
the Jacobian matrix. The Jacobian value is based on the
difference between the internal angles of the opposing edges
within the element.

Min angle: The Min angle option yields a histogram based
upon the minimum internal angle of the element edges.

Max othogls

Max warp: This histogram is based on the warpage of the
quad faces of the prism. This is based on the worst angle
between two triangles that make up the quad face.

Skew: This histogram is based upon calculations of the
maximum skewness of a hexahedral or quadrilateral
element. The skewness is defined differently for volume and
surface elements. For a volume element, it is obtained by
taking all pairs of adjacent faces and computing the normals.
The maximum value thus obtained, is normalized so that 0
corresponds to perpendicular faces and 1 corresponds to
parallel faces.
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Figure
3.299
Histogra
m
window

Figure 3.300
Replot window

Tetra Meshing Appendix

Custom quality: One can define one’s own quality
definition by going to Diagnostics > Quality metrics. Select
the Diagnostic: as custom quality and go for Define custom
quality. One can change the values there to suit his/her
needs.

Replat
Reset
W Show

v Solid
Subszet
Dione

01 0.2 0.3 0.4 0.5 0.6 0.7 n.a 04

Histogram: The element Quality will be displayed within
this histogram, where 0 represents the worst aspect ratio and
1 represents the best aspect ratio. The user may modify the
display of the histogram by adjusting the values of Min X
value, Max X Value, Max Y Height andNum Bars by
pressing the Replot.

Replot: If any modifications have been made to any of the
parameters within the Smooth mesh globally window or to
the model, selecting Replot will display an updated
histogram.

|
Min ¥ walue (0.0
Maw i walue (1.0
Max 't height [ 196
Murm bars 20

.-’-'-.u:u:eptl Reszet | Eanu:ell Help |
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Min X value: This minimum value represents the worst
quality elements on the histogram’s x-axis.

Max X value: This maximum value represents the highest
quality that elements can achieve.

Max Y Height: The user can adjust the number of elements
that will be represented on the histogram’s y-axis. Usually a
value of 20 is sufficient. If there are too many elements
displayed, it is difficult to discern the effects of smoothing.

Num Bars: This represents the number of subdivisions
within the range between the Min and the Max. The default
Bars have widths of 0.05. Increasing the amount of displayed
bars, however, will decrease this width.

Reset: Selecting this option will return all of the values back
to the original parameters that were present when the
Smooth mesh globally window was first invoked.

Show: The user may press the left mouse button on any of
the bars in the histogram and the color will change from
green to pink. Selecting Show will display the elements that
fall within the selected range on the model in the main
viewing window.

Solid: This toggle option will display the elements as solid
tetras, rather than as the default grid representation. The user
will have to select Show, as well, to activate this option.

Subset: This will create the subset of the selected
elements.Selected elements will be placed in a subset.

Done: If this button is pressed then it will close the
hostogram window.

Usually, the best way to improve the quality of grids that cannot be
smoothed above a certain level is to concentrate on the surface mesh near
the bad cells and edit this surface mesh to improve the quality.
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3.6: Advanced Meshing Tutorials

ANSYS ICEMCEFD is tuned to help users create advance operations. They
include at times:

Complex operations of topology transformations inside HEXA

Reducing the number of blocks for Multiblock mesh output

Merging HEXA and TETRA meshes in all possible ways to get a
conformal hybrid mesh

Getting a tetra mesh out of a case where the surface mesh data is available
additionally for some of the regions

Getting Quad surface mesh on complex objects

Getting rid of leakages in Tetra mesh using geometry repair tools

Setting boundary conditions and writing output for solvers

Figure 3.301
Hybrid Mesh

The tutorials in this section are related to these advanced steps only and
will try to take the user to deal with real world applications.
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3.6.1: Hexa Mesh in a Grid Fin

Overview
In this Tutorial example, the user will generate a hexa mesh

for a Grid Fin. Since the mesh is very similar in the Z-
direction, a 2D blocking can first be made, which is easier
than a 3D blocking. Then the 2D blocking can be extruded

into a 3D blocking.

a) Summary of Steps

The Blocking Strategy
Starting the Project in ICEM CFD

Generating the 2-D Blocking

T : ANSYSHOEMOER-10-0
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Creating the O-grid
Resolving other grids
Creating remaining Blocks
Step involved achieving Complete Blocking
Placing all nodes to one plane
3-D Blocking
Resolving zero thickness walls
Defining Periodicity
Generating the Mesh
Checking the Mesh Quality
Multiblock mesh
Saving the files

b) The Blocking Strategy

Since the geometry is mostly an extruded model in the Z-
direction, the blocking can also easily be done by extruding a
2D blocking in the Z-direction to create a 3D blocking.
Generally, the blocking process starts by capturing the outer
geometry, and then proceeds to capture the minor parts of
geometry by means of splitting the blocks. This is the “top-
down” approach. But in this example, the strategy is exactly
the opposite of the standard strategy. First, the minor
geometry will be captured. Then “Transform/Copy/Merge
Blocks” will be employed to get a wider repetitive portion
and then “create block” will be used to capture the rest. This
is known as the “bottom-up” approach.

c) Starting the Project in ANSYS ICEMCFD

Start ANSYS ICEMCFD. Go to File > Change working
directory, and set the current working directory to
$SICEM_ACN/../docu/CFDHelp/CFD_Tutorial Files>Gridfi
n. Go to File > Geometry > Open Geometry, and open
geometry.tin.
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For this tutorial, the part grouping has already been pre-
defined. Thus, the user can immediately proceed to blocking.

Curves should be ON in the Display Tree.
d) Generating the 2-D Blocking

P
Inside the mesh tab, press Blocking > Create Block "~:§>

|
Initialize Block -V .
Enter LIVE for the Part.
Next to the Type, choose 2D Planar from the pulldown.

Press Apply. The 2D blocking will be created in the XY
plane. This is the orientation that the 2D Planar blocking is
meant to work with. If the 2D part of your geometry is not
parallel to the XY plane, it is recommended to orient the

geometry in the XY plane, or some blocking operations may
be difficult.

The Initial block should look like Figure 3.302.
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Figure 3.302
Initial 2D
Blocking

Turn on the Vertices and their numbers from the Display
Tree by right mouse clicking on Blocking > Vertices >
Numbers. The vertex numbers are shown in Figure 3.302.

Right click in the Display Tree to turn on Geometry >
Curves > Show Curve Names.

Zoom in toward the bottom of the inner blocked-shaped
geometry, and it should look like Figure 3.303.

ANSYSHOEMOER-10-0
Tutorial Manual

400

AASSIICEM CFD



Advanced Meshing Tutorials

Figure 3.303
Bottom of the
geometry

- 3
Associate Y&l > Associate Edge to Curve .Select the
edge 13-21 with the left mouse button and press middle
mouse button to accept the selection. Select the curve,
CURVES.1 with the left mouse button and press middle
mouse button to accept the selection.

Project Vertices should be switched OFF as shown in Figure
3.304.
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Figure 3.304 Blocking &)
Associate Edge to Curve Azzociations =
Window ] .

— Edit Associations -

—Associate Edge -> Curve————————————
Edaels] |[{13210} A
Curvefs) [CORVES 1 &

[ Project vertices

[ Project to suface intersection

r Project ends to curve
Ihterzection

Apply (] Dismizz |

Press Apply. Similarly, associate the edge 11-13 to the
curve, CURVES.3.

Note: The user can toggle Off and ON the Curves and Points to better see what
needs to be selected.

&

. 1 ?' . .
Select Associate % > Associate Vertex. The Entity
to associate to should be set as Point. Select the vertex 19.
Then select the point, POINTS.17 as shown in Figure 3.305.
Press Apply to associate the vertex to the point.
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Figure 3.305 Blucking
Associate Vertex to Point Associations

— Edit Associations

eI
FVE Y

— Associate Yertex -»

E ntity

£ Self % Puaint

= Curve  © Surface

W ertey | 19

Paint [POINTS 17

%
R

Apply |

Ok

Dizmizs |

&

Select Associate fEi> Snap Project Vertices - Toggle
on ‘All visible’ as shown in Figure 3.306. Press Apply.
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Figure 3.306 Snap Project Blocking &)
Vertices Window Associations =
— Edit Associations -

Y g e
ot [EYeRL:

— Snap Project Yertices————————————

Yertex Select
|7'F Al Yisible " Selected

Wertices I 0{'\(\?}

[T tove 0-Grid nodes

Apply | ] Digrnizz |

Switch OFF Curves.

? -+-
Press Move Vertex > Set Location. + ¥¥Z The Set

Location window will appear as shown in Figure 3.307. The
Reference From should be set to Vertex. Toggle on Modify
X. Select vertex 19 for the Ref. Vertex. Select Vertex 13
for the Vertices to Set. Press Apply. The final image is
shown in Figure 3.308.

Press Associate > Associate Vertex. The Entity type should
be set to Point. For the Vertex, select vertex 11. Turn on
Points. For the Point, select POINTS.1. Press Apply.
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. @ , "(f}
Associate “al > Associate Edge to Curve .Turn OFF
Points. Select the edge 11-13. Turn ON Curves, and select
the curve, CURVES.1. Press Apply.
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Figure 3.307 Move Yertices '@
Set Position of Vertex 13

— Mowe Yertices

| 4] S
=

/

— Set Location

FA ethod ISet Position j

— Reference From

i Vertex {* Screen

Ref. Location |POINTS. 17 &

— Set

Coordinate system IEarte&ian |

¥ tdodify = » |15.6666

I tdodify o IEI
[ Modiy = z |5
[~ todify Mormal  Farmal I

“Wertices to Set [13 _*\:.%

Apply | (] I Dlizmiz=
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Note: The user should switch off Curves>Show Curves Names and Points >
Show Points Name for most of the time to reduce clutter. They should be turned
on only when it’s required and then should be turned off again. For the rest of the
tutorial, it is assumed that the user would do that to find the location of the
Curves or Points.

Figure 3.308 || |
Initial Blocking after —_—————___,_____q___
vertex placement
a1
3
] _| 21

e) Creating the O-grid

Select Blocking > Split Block ®> O Grid Blockt@.

Select the Face and then select the Edges 11-19 and 19-21as
shown in Figure 3.309 and Press Apply.
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Figure 3.309
Selection of edges
and Faces for the O-
Grid

The Blocking after O-grid creation is shown in Figure 3.310.

Figure 3.310
Blocking after
O-grid
creation
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Switch on Points > Show Points Name, select, Association

-
a3 . . (‘é .
%> Associate Vertex to Point project vertex 33 to
POINTS.18 and vertex 35 to POINTS.14.

Set the Screen position to View > Front and then by using

Blocking > Move Vertex E > Move Vertex

Enable Fix Direction as shown in Figure 3.311.
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Figure 3.311 )

Fix Direction Window Move Vertices g

— Move Yertices -

PRI
=,

— Move Yertex

Method |Single id

Werhey -t:%

— Movement Constraints
[~ Finx
[T FixY
™ Fixz
IV Fix direction

Wector (010 "ﬁ

[T Momal to S,

[T Move dependent |

Apply | 2k, Dismnizs |

Select the Direction highlighted as shown in Figure 3.312.
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Figure
3.312
Move
Vertex DOINTS I3 a3 oI
Fix
Directio
n
Option

3THTS. 18 4 INTS. 14

POINTS B2

INTS. 2

POINTS. 81

Place the vertex 34 closers to vertex 13 as shown in Figure
3.313 so that all the Blocks are of Good Quality.

Figure
3.313
Blocking :

after PDINTS.
vertices
placements

INTS .14
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f)  Resolving Other Grids

The user will do Copy/Rotate to resolve other Triangular
portion of the grid. However, since it copies all the
associations too, it’s better to first remove all the
associations.

. . . ﬁr . .
Blocking >  Association %> Disassociate from
Geometry Q A Dissaccosiate window appears as shown
in Figure 3.314.
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Figure 3.314 ]
. o . Blocking
Disassociation Window Associations @

e )
B Vs

— Dizassociate

Verlices |11 33 19 13 34 2 %
Edges [(11131 111331 "\
Faces | (113313341133 08

[T Keep surface mesh

— Surface mesh

Part
|7F Clozest " Selected

Apply k. Dligmizz |

Select all the Edges, Faces and Vertex and Press Apply.

Go To Blocking > Transform Block @> Rotate

Block - &, A new window will open as shown in Figure
3.315.
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Figure 3.315 o)
Translate Topology window Transform Blocks d

Select [ 10411 e

— Translate/Rotate/Mimor/Scale
AR

¥ Copy

Mumber of copies |3 =

Rotation

bz |2 |

Angle |30
Center of Rotation
Center Paint ILlser's Paint |
Select [156665 06 =3
Apply ] Dizmizs

Toggle on ‘Copy’ and enter the value 3 in Number of
Copies. In the angle enter the value 90 and select Rotation
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Axis as Z. In the Center of Rotation Select ‘User Point’ and
select POINTS.17 which is the center point of the GRID.
Select all the Blocks and Press Apply to transform the
blocking. The blocking after transformation is shown in
Figure 3.316.

Figure 3.316
Blocking after
Transformation

g) Creating remaining Blocks

f- &
Blocking > Create Block ':ff' > From Vertices/Faces ,
in the dimension select 2D and in the Block Type select
Quad as shown in Figure 3.317.

Note: Part Name will be LIVE by default.
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Figure 3.317 &
Create Vertices/Faces Create Block

Part |LIVE =

— Create Block

DB @ W

— From Yerntices/Faces———————————————

Dimenszsion |2D |
Block Type
Tupe IE!uau:I j

A Wertices *{%

Apply k. Digmizs |

Select vertices 11 and 13 with the left mouse button in that
order and press middle mouse button.

Note: As two more position needs to be selected it comes in geometry selection
mode.

Proceed to select other two places 0 and 1 by screen select
with the left mouse button as shown in Figure 3.318. Press
middle mouse button to accept the selection and press
Apply.

Figure 3.318
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Vertex location for block and Material Selection Window

/

i al
13
11 14
) 35
ia 5364
4034
¥ 49 N\
Bl "51
a9 -

Note: The User should select the vertices/points in an order that should be in Z
shape. First, all the existing vertices should be selected and once they are done,

then middle mouse button should be pressed to proceed to select the screen
locations.

The blocking after this operation should like as shown in
Figure 3.319.

Figure 3.319
Blocking after creation of block
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Similarly create the Block by selecting the vertices 13, 21
and 74 (in that order) and press middle mouse button. Screen
select for vertex 0 as shown in Figure 3.320.

Figure 3.320
Selecting vertices for another block creation
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The blocking after creation of second Block is shown in
Figure 3.321.

Figure 3.321
Blocking after creation of second block
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h) Step involved to achieve complete blocking

Note: User has to choose Blocking > Index Control > Reset at time to time to
update the Blocking if some Blocking disappears.

Finally to achieve the complete 2D Blocking with the same
vertex numbers as shown in Figure 3.322, the following
steps need to be performed.

Select vertex 39 and 52 and then select two points
corresponding to the position of vertex 96 and 97 as shown
in Figure 3.322.

Select vertex 52, 51 and 97 (in order) and then select the
point corresponding to the position of vertex 110.

Select vertex 73, and 11 then select the point corresponding
to the position of vertex 123 and 124.

Select vertex 11, 40 and 124 and then select the point
corresponding to the position of vertex 139.
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Advanced Meshing Tutorials

Select vertex 40, 39 and 139 and then select the
corresponding to the position of vertex 154.

Select vertex 39, 96 and 154 and then seclect the
corresponding to the position of vertex 169.

Select vertex 21, and 85 and then select the
corresponding to the position of vertex 184 and 185.

Select vertex 21, 64 and 184 and then select the
corresponding to the position of vertex 202.

Select vertex 64, 51 and 202 and then select the
corresponding to the position of vertex 219.

Select vertex 51, 110 and 219 and then select the
corresponding to the position of vertex 236.

point

point

point

point

point

point

Performing the above steps we get the Blocking as shown in

Figure 3.322.

Complete 2D Blocking
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Note: It is advisable to switch off the Points when position of vertex is to be
selected.

i)  Placing all nodes to one plane

The user should now move the topology to the bottom most
planes and then extrude it to get 3D blocking, which would
then be split to get further planes.

+

Blocking > Move Vertex E:gr> Set location.Hﬂ A new
window will appear as shown in the Figure 3.323. Switch On
Points > Show Point name. Toggle on Modify Z, select all
the vertices. Enter 5 and press Apply to move complete
topology to Z=5 plane. Click on Dismiss to close the panel.
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Vertex Positions
Window
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Move Yertices

— Move Yertices

RN
’:?.:'7

— Set Locahion

M ethod |Set Position j
— Reference From
 Werten ¥ Screen
Ref. Location [POINTS 17 3
—Set
Coordiniate systemn |Eartesian |

™ Madify = # |14.166E
[~ Modify'r v |25
¥ Modify Z Z s

[ Modify Momal  Formal I

“ertices to Set |{ 95 }{ 169 H{ 97 i -*{-\’b

Apply | Ok, I Dismizz
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j) 3-D Blocking
Extruding 2D blocking

P
o
Blocking > Create Block ‘ﬁ >2Dto 3D .

For the method, select Translate. A window will appear as
shown in Figure 3.324. Enter the value 5 and press Apply.

Figure 3.324 5
Extrusion Window Create Block :

Part |LIVE ==

— Create Block

DB @

— 2D to 3D

Method |Translate |

# Digtance | ] s

¥ Distance | 0

£ Diztance | A

Apply k. Digmizz |

Switch off Vertices and Points. The extruded 3-D blocking
is shown in Figure 3.325.
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Figure 3.325
3D Blocking after Extrusion

k) Getting other regions Resolved

Go to Blocking > Split Block @ > Split Block @

Switch on Point > Show Point Names.

Now select Prescribed point. Click on Screen select and
accept POINTS.16 using the left mouse button, and press the
middle mouse button to accept the selection as shown in
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Figure 3.326. Select an edge representing the Z-direction
with the left mouse button and Press Apply.

Figure 3.326

Split block window Split Block ]

— Sphit Block

B @ S
%

— Spht Block
Block Select
|7 % Al Vizible i Selected

Block |

o

Edge |

[~ Project verices
— Split Method

Split bethod |F'resu:ri|:ueu:| poink j

Paint [POINTS 16 &

Apply ak. Digmizs
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Similarly, select any of the remaining Z-direction edge and
split this edge by Prescribed point POINTS.8. Then switch
off Points, to view the blocking shown in Figure 3.327.

Figure 3.327
Blocking after splitting

\

7

To model the HUB region, we first need to split some
blocks. Use the Blocking > Index control > Select Corner

[-1?'. Select the vertices to restrict the display to blocks as
displayed in solid in Figure 3.330. You will need to readjust
the index control so that the ranges are 1:0-1, J:1-1, K:2-3,
03:0-0, 04:0-0, O5:0-1, 06:0-1, O7:0-1 and O8: 0-1. But if
there is a discrepancy it can also be set by checking the
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edges using Query Edges and then readjusting the Index
Control.

Blocking > Split Block i@ > Split Block @‘ . Switch on

Points > Show Point Names. Select one of the
circumferential edges on the right block as shown in Figure
3.328.

Figure 3.328
Edge Selected
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Select POINTS.15 as shown in Figure 3.329.

Figure 3.329

POINTS.15 selected Split Block 7

— Split Block

BES G~
&

— Split Block
|'Blu-::k Select

+ Allisible Selected

Block |

>

Edge | 418 432 -1

[T Project vertices
— Split Method

Split bMethad IF'resc:riI:ned paint j

Pairt [POINTS. 15 &

Apply OF. Dismiss

Select the method ‘Prescribed Point’ and select POINTS.15.
It is common that upon split, one may start seeing extra
blocks/edges. In that case, blocking should be restricted as
explained in the previous step.
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Similarly split the other Block by selecting the
Circumferential edge at ‘Prescribed point’ POINTS.16.

The Final Block can be seen using Blocking > Blocks >
Solid as shown in Figure 3.330.

Note: Don’t use the Whole Block option in Blocking > Blocks (Display Tree
widget).

Figure 3.330
Block after Split in Selection of blocks for Splitting

ANSYSHOEMOER-10-0
Tutorial Manual

NS TCEM CFD 437"



Advanced Meshing Tutorials

Switch OFF Blocking > Blocks. All blocks to the VORFN
part by going to Parts >VORFN (keep it in Off Mode) > Add

to Part > Blocking Material, Add to Part by Selection ﬁ
with Blocks, and selecting the Block as shown in Figure
3.331. Press the middle mouse button and then Apply.

Figure 3.331
Blocking with VORFN block selection
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Select Blocking > Association @> Reset Association

D

Enable Vertices, Edges and Curves and Faces as shown in

Figure 3.332.

Figure 3.332

Reset Association Window Blocking

Aszociations

— Edit Associations

HIE e
B Vel

— Reset Aszociations
¥ ‘“ertices
¥ Edges

¥ Faces

Apply k.

Dhzmizs

To resolve the HUB accurately, the user needs to associate
the edges lying on top of curves CURVES.31, CURVES.36,

CURVES.28 and CURVES.34 using Assoc1at10n‘—§“3 >

Associate Edge to Curve (\‘; .
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Note: Associate the edge to their respective Curves as mush possible.

Associate all the circumferential edges to their respective
curves wherever the curve exists.

Similarly, associate the vertex to its nearest point whereever
possible.

Switch ‘On’ Points.
The Blocking should look like Figure 3.333.

Figure 3.333
Blocking after associations and vertices placement
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I)  Resolving zero thickness walls

Select Associate %>Associate Face to Surface é For
Method, select Part. A new window will open as shown in
Figure 3.334.

Figure 3.334 Blocki
Project face window MT;(;;%D"S @
— Edit Aszociations -

po IR R
FDE W

—Associate Face -> Surfface——————————————

M ethod

{© Clozest Interpolate

= Pal £ Shared wal

Face(z] | %
Surface part | &

L« |

Apply ] Digmizz |

It would be good to reduce the clutter of the Block display
before selecting the faces. Use Index Control to change to
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1:.0-3, I:1-1, K:2-3,04:0-0, 05:0-3, 06:0-0, O7:0-1, and
08:0-0.

In the Display Tree widget switch ‘Off” All Parts except
PLATE 1, PLATE 2, SHELL and LIVE.

Press hotkey ‘h’.
Select the FACES and its corresponding Part.

Note: Make sure that “Toggle between all and partial enclosure” is enabled as
shown in Figure 3.335

Figure
3.335
Toggle
Between
All and
Partial
option

Select blocks E
Sl 0O %0 B &

| Toggle bebween all and partial enclozure [key = m]

Use Polygon % selection to select the Faces.

As shown in Figure 3.336 we can easily select the Face to be
associated to PLATE 1.

Now in the Surface Part window select Plate 1.
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Figure
3.336
Faces
selected
to be
Associate
dto
PLATE 1

Similarly select the Face to be associated to PLATE2 as
shown in Figure 3.337.
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Figure

3.337

Faces

selected .
to be

Associat @ U

ed to

PLATE 2 | D Q . G

Note: Select the following region using Box Selection. Select one by one the
four regions as shown in Figure 3.338. The Part must be Shell.
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Figure
3.338
Faces
selected
to be -
Associate
dto
SHELL

|

To see the face projection toggle on the Faces > Face
Projection. The Face projection is shown in Figure 3.339.

Figure 3.339
Blocking with face projection on family PLATE1, SHELL and PLATE2
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Switch on all Parts and switch Off Faces in the Display Tree
widget.

Go To Blocking > Index Control and Reset.
Note: The two faces corresponding to the HUB location remain unprojected.
m) Defining Periodicity

Note: Defining periodicity in ICEM CFD requires periodic definitions such as
Axis location and Angle that are already defined in the tetin file.

Select Blocking > Edit Block @>Periodic Vertices ++,
which will open up a panel as shown in Figure 3.340.
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Figure 3.340 ) %)
Periodic Vertices Panel Edit Block f

—Edit Block -

e A= | 5%

Ve N

— Penodic Yertices
Method

& Create

= Remove

Wertices | 1;;’;. | =

Apply ] Digmizs |

Toggle on Create, select a vertex lying on the periodic plane
PERIODICI and the corresponding vertex on periodic plane
PERIODIC2. This will define the periodicity between two
vertices. One can see the periodicity by switching on,
Vertices > Periodic from the Display Tree widget.

Do this for the rest of the vertices lying on the periodic
planes, PERIODICI1 and PERIODIC2.

Click Dismiss to close the panel. At the end of this process,
select Verticies > Periodic we get the display as shown in
Figure 3.341.

Figure 3.341
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Periodicity in the blocking

n) Generating the Mesh

Before generating the mesh, the user needs to set the
meshing parameters.

Define multigrid for this mesh. The multigrid mesh is
required for quite a few solvers and needs to have certain
restrictions on the number of nodes that can be defined on an
edge. For example, multigrid level 2 would require 5, 9, 13,
17 and similar numbers of nodes on an edge. Hexa allows
only these numbers of nodes to be defined on an edge. To
activate, select Setting > Meshing > Hexa/Mixed. Enter 2 for
Multigrid level in the Meshing options window as shown in
Figure 3.342, and press Apply.
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Figure 3.342 Hexa/Mixed Meshing &)
Meshing option window Dptions =
Multiarid level |2

Projection limit |IJ

Diefault meshing law IEiEeometric |

Default bunching ratio |2.EI
[ Floating gid
™ Project to Bsplines

[™ CheckdFix Inverted Blocks

— Transfinite degree

& Linear  Quadratic

Reference topology |

Iristruct face ype IIZ!uad Dominatt j

r Show 4.3 style Edge mezhing
params

Apply | 0K Dizmizs |

Press Mesh > Set Surface Mesh Size‘ to open the Mesh
parameters window (Figure 3.343).

Select all the Surface Parts and then set the Max Element
size to 0.4, Height to 0.4 and Height ratio to 1.2. Press

Apply.

Press Dismiss to close the window.
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Figur
g 343 Fart Prism  Hesxa-Core Max Size Height Height R atio MHurm Layers
Mesh | FURVES ™ |0 |0 | |0
ng CvL1 [10 [ [12 [0
Para
mete |2 T [5 [1 12 [0
r INL
. 10 1] 1] 1]
wind L ! | | |
ow Lt r [
ouT rr [10 o [0 [0
POINTS [~ r | ||:| ||:| |
<ihi rr [10 [0 [0 [0
¥ Show size params uzsing ref size
Fleaze Mote that Highlighted families have at least one blank field becauze not all entities in that family
Apply | Dismizs
Blocking > Pre-mesh Params , > Update Size ! '
toggle on ‘Update All’ and press Apply.
Figure 3.344

Mesh in geometry
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In the Display Tree widget turn on Project faces and answer
‘Yes’ when asked whether to recompute the mesh. Turn on
the Mesh in the Display Tree widget to see the mesh as
shown in Figure 3.344.

0) Checking the Mesh Quality

Select Blocking > Pre-mesh Quality. For the Criterion, select
Determinant (2x2x2 stencil) to view the histogram as shown
in Figure3.345.

Figure3.345
Determinants histogram

ANSYESHOEMCER-10:0

AASSIITCEM CEFD

Tutorial Manual

736



Advanced Meshing Tutorials

Determinant 3x3x3

0 I I I I I I I I I I
] 01 02 03 04 05 OB OF 08 09 1

As is shown, there are many bad determinants in first bar
from 0-0.05. This happens because inverted blocks were
created while creating the block.

Select Blocking > Block Check. Select the method Fix
inverted Block > Apply. That will change the direction of
inverted blocks.

Again select Blocking > Pre-mesh Quality > Determinant
(2x2x2 stencils). In the Mesh window select ‘Yes’ to
recompute the mesh. Now the histogram appears as shown in
Figure3.346, without bad determinants.

Figure3.346
Determinants histogram after inverting bad blocks

40—
DetermibantSx3x3

30—

20—
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p) Multiblock mesh

For blocking a complicated geometry, the user will end up
with many splits, thereby producing many unnecessary
blocks. To write a Multiblock mesh output for some solvers,
it is better to have as least amount of blocks possible. You
can reduce the number of blocks as explained below.

Figure3.347
Blocking before reduction of number of blocks

|

i

Vi

¥ ]
i !!“;
a
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Figure 3.348
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Select Blocking (from the Display Tree widget) > Init
Output blocks. This will initialize the output topology for
Multiblock mesh.

Toggle on Pre-mesh > Output blocks in the Display Tree
widget.

Select Blocking > Edit Block > Merge blocks > In the Join
Block Toggle on Automatic. This will merge the
unnecessary blocks as shown in Figure 3.348.

Blocking after Auto merge
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gq) Saving the files
Save the blocking, using File > Blocking > Save blocking.

Save the Multiblock mesh with File > Blocking > Write
Multiblock domains and select Volume when asked to select
the type of domain.

Finally File > Exit to quit ANSYS ICEMCFD
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3.6.2: Hybrid tube

Figure 3.349

Overview

In this tutorial, the user will generate a hybrid mesh for the
Hybrid Tube geometry shown in Figure 3.349. The tube is
comprised of three regions (CYL1, CYL2 and CYL3)
separated by the two interfaces INTERFACEl and
INTERFACE2. The user will first generate 2 separate tetra
domains in CYL1 and CYL2, and a hexa domain in CYL3.
The three domains will be made conformal at the two
interfaces.

Hybrid Tube with three sections

cyL1—

cYL1 CYI\Q‘ CYE _
. SO IANA%

| | l—OUTLET

INTERFACE1 INTERFACE2

a) Summary of Steps

Starting the Project

Generating the Hybrid Mesh

Generating the Tetra Mesh in Middle Section

Merging the Tetra Mesh between Left and Middle Section
Generating the Hexa Mesh in Right Section

Merging the Resultant Mesh with Hexa Mesh at Interface2
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Saving the Project
b) Starting the Project

From UNIX or DOS window, start ANSYS ICEMCEFD. File > Change
working directory

$ICEM_ACN/../docu/CFDHelp/CFD_Tutorial Files>Hybrid tube project.

Choose its Tetin file geometry.tin.

¢) Generating the Hybrid Mesh
Generating the Tetra Mesh in Left Section

Select Mesh > Set Global Mesh Size % > General Parameters EE
Enter 16 as Maximum size in the Global mesh size window as shown in
Figure 3.350. Press Apply followed by Dismiss to close the window.
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Figure3.350 Global Mesh Size &
Global Mesh Size window

— Global Mezh Parameters————————————————

BDRT

— Global Element Scale Factor

I>

Scale factar |1
[T Display

— Global Element Seed Size

b ax element |1 G

[~ Display

— Hatural Size

[ Enabled

Size |1
[T Dizplay

Cellz in gap |1

L) Ll
I

Fiefinement |1 1

[T lgnore 'wall Thickness

Triangle tolerance IEI.EIEH

¥ Unitless ti tolerance

|4

Apply | k. Dlizmizs

Select Mesh >Set Surface Mesh Size'. A Surface mesh size window
will appear.

100
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Press Select Surf(s) a .

> ]
Press Select Item in Part AT )

A window appears as shown in Figure 3.351, select INLET,
INTERFACEI, INTERFACE2 and OUTLET. Press Accept.

Figure Select part
3.351

Select
Part
Windo
W

.-'-‘-.u:u:eptl Al | Mone | Screenl Eancell

Enter Maximum size as ‘2’ as shown in Figure 3.352.
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Figure 3.352

. . Surface Mesh Size @
Surface Mesh Size window

Surtacels) [OUTLET N Tl ...

bl asirmurn size |2

Height |

Height ratio | 0

Ll

MHurnber of lapers |EI

Tetra zize ratio |EI

Minimum size |EI

b ax desiation |EI

Blank surfaces with params |

Apply | ] Dizmizs |

In the same procedure select and select the surfaces CYLI,
CYL2 and CYL3. Enter Maximum element size 4. Press
Apply followed by Dismiss to close the window.

Select Mesh >Set Curve Mesh sizeﬁh. A Curve mesh sizes
window will appear. Press "a" to select all curves of the
model. Enter a value 4 for Maximum Size in the Curve mesh
params window and press Apply followed by Dismiss to
close the window.

Select the Orient > Home option. Select Geometry > Create
y‘uat?‘

Body ﬁ>Material Point: . A window will appear.

Select the family name as LIVE. Press Accept. Click on two

opposite corners of the CYL1 using the left mouse button.

Press the middle mouse button to complete the operation.
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Turn on Materials. Rotate the model to ensure that LIVE lies
inside the left section as shown in Figure 3.353.

Figure 3.353
LIVE Body
Created

Select File > Save project Enter any Name.

Select Mesh> Volume Meshing . > From Geometry

@ Window Mesh with tetrahedral parameters will appear
(Figure 3.354). Press Apply to generate the tetra mesh.
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Figure ?_"354 ) Meszh Yolume '@
Mesh with Tetrahedra window
tezh type |Tetra j
— Method

¥ Smooth mesh

[terations |5 =
Min qualiy [0.4
[T Coarzen mesh
[terations |2 B

Worst azpect ratio |EI.'I

[ Smoath tranzition  Factar |1_2

— Options
¥ Fiun az batch process
[~ Only visible geamety
[~ Part by Part

¥ Load mesh after completion

Apply k. Dligmizs

Tetra mesh will be generated as shown in Figure 3.355.

Figure 3.355
Tetra Mesh in Left Section with Solid/wire mode
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Note: Even though Tetra Mesh is created we again save by another name.

From Main menu, select File > Mesh > Save mesh as
tetra_mesh1.uns followed by File > Mesh > Close Mesh.

d) Generating the Tetra Mesh in Middle Section

|
Select Geometry >Transform GeometryIF > Translate

Geometry f

Select the LIVE (Body) with the left mouse button. Press
middle mouse button to accept as shown in Figure 3.356.

Figure
3.356
Live
region
selecte
d

+LIVE
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Enter some value in the ‘X’ direction so that it is located in
CYL2 and then press Apply.

It should be repositioned as shown in Figure 3.357.

Figure

3.357

LIVE

region

reposition _

ed $LIVE
Go to Part > LIVE>Rename and Rename it as LIVE].
From Main menu, select File > Save project.
From Main menu, select Mesh> Volume Meshing . >
From Geometry @ .Press Apply with the default setting
the Tetra mesh will be generated in the middle region as
shown in Figure 3.358.

Figure 3.358

Tetra Mesh in the middle section with Solid/Wire model
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e) Merging the Tetra Mesh between Left and Middle Section

From Main menu, select File >Mesh > Save Mesh as
tetra_mesh2.uns followed by File > Mesh > Open mesh A
window will appear as shown in Figure 3.359 with Merge
button. Press Merge. A selection window will appear as
shown in Figure 3.360.

Figure 3.359 Mesh Exists a
Window with Merge Option

tezh Already Exists in this File,
b dio wou wigh o proceed?

blerge Replace Cancel

ANSYESHOEMCER-10:0

AWM TCEM CFD

Tutorial Manual

460



Advanced Meshing Tutorials

Figure
3.360 , _ N
File Lok in: IE}h_l,and tube j = £F Ef-
selectio =) tetra_mesh.uns
n tetrameshl..uns
window
File name: tetrarne:z:iﬂ .ung j Ope
Files of type: f Mesh Files [*.uns “Multiblock] =l Canc
Figure 3.361
Tetra Mesh before Merging
[
- i
]
]
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Before merging, turn on CYL1, CYL2 and INTERFACEI.
The surface mesh at the INTERFACE1 will look as shown
in Figure 3.361

Select Edit Mesh > Merge Node A Merge Meshesé.
A window will open as shown in Figure 3.362 select merge
volume meshes and press merge surface mesh parts

Figure 3.362 . Merge Nodes @
Merge meshes Window

— Merge Type

A X

— Merge Meshes
Method

= Merge volume
rmeshes

i Rezolve refinements

Merge suface mesh parts & -
Frozen wolume mesh partz & o

Apply OF. Dismiss

A selection window will appear as shown in Figure 3.363.
Select INTERFACEL. Press Accept and then press Apply.
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Figure 3.363 =l

Select par.ts to Merge CLUEYES
Meshes window L1

L3

INTERFACET

IMTERFACEZ
LIVE
LIWE1

hoBbROO000

Accept Cancel Screen

All I one [t

After merging, the surface mesh at the INTERFACE1 will
look as shown in Figure 3.364.

Figure 3.364
Tetra Mesh after Merging
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Switch OFF lines and triangles elements to see just the
geometry. Switch on all the parts if they are turned OFF.
Select the Orient > Home option.

From Main menu, select File > Save project.
f) Generating the Hexa Mesh in Right Section
Switch Off the Mesh in The Display Tree.

Select Blocking > Create Block @> Initialize Block @
as shown in (Figure 3.365), select all the entity and Press

Apply.

Figure 3.365
Create Block window
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Create Block @
Pat |SOLID Eap=
— Create Block

Ehvkad A%

— Initialize Blocks

Type |3D B ounding Box j

Entities |

[” Project vertices

[” Drient with geometry
[~ 20 Blacking

Apply | 0K | Disrriss |

Turn on Vertices and their numbers with Vertices >
Numbers and Curves and their names with Curves > Show
Curves Names from Display Tree

L r;/
Select Association ‘fé> Group Curve Toggle on
Group Curve and select the Curves corresponding to
CURVES.4 and CURVES.3 as shown in Figure 3.367.

e 3
Select Association “ai> Associate Edge to Curve .
Enable Project Vertices.
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Select CURVES.4 and corresponding Edges 37-38, 38-42,
42-41 and 41-37 as shown in Figure 3.367 by using the left
mouse button. Click the middle mouse button to accept the
selection and then as shown in press ‘Apply’ as shown in
Figure 3.366.

Figure 3.366 Blocking ]
Blocking Azzociations =
Association window - .

— Edit Aszociations il

e e
R Vol

— Associate Edge -> Curve
Edage(=] |{3842EI}{41 4203137 0H: "ﬁ
Curvefs] [CORVES 4 &

¥ Project vertices
[ Project to surface intersection

r Froject ends to curve
Intersechon

Apply k. Digmizz |

Figure 3.367
Projecting the edges on curves
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Note: Make sure that Project Vertices is enabled.

Repeat the same procedure for CURVES.3 and
corresponding Edges 21-22, 22-26, 26-25 and 25-21.

After Projecting vertices, geometry will look like Figure
3.368

Figure 3.368
Blocking

After -
projecting
vertices (T//‘Q‘

Note: -User has to turn off and again turn on vertices for updating the position of
the vertex numbers.
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{ 5 &
Select Blocking >Split Block V' > OGrid. Hfgj A

window will appear as shown in Figure 3.369.

&
Press #7° Add in front of Select Block and select existing
block by using the left mouse button and then middle mouse
button to accept the block.

T : ANSYSHOEMOER-10-0
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Figure 3.369 _ Split Block ?
Inner O-grid creation -
window — Split Block

— Ogrid Block

Select Block(s) ﬁ ]
Select Facels) ﬁ =
Select Edgels) _l_"f%, 3
Select Verts) _}E A

Clear Selected |

[T Around block(z]

Dffset |1

[T Abzolute

Apply | ] Digmizz

Similarly select two faces by +™ FACES as shown in
Figure 3.370 press Apply and will get the O-Grid shown in
the right of figure Figure 3.370 and Press Apply.

Figure 3.370
Before creation of O-grid (Left) & after creation of O-grid (Right)
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e

Select Blocking> Pre-mesh Params ’ > Edge

params;\ A window will appear. Select Edge 25-41, give
Nodes as 17. Toggle ON Copy Parameters and select “To
All Parallel Edges” as shown in Figure 3.371.and press

Apply.

Figure 3.371
Edge meshing parameters window
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Pre-Mesh Params ]

— Meshing Par b

ol Rt

|»

Edge [ 25411 'ﬁ
Length | 30
Modes [17 =
Meszh law IBiGeomelric ﬂ
Spacing 1 |IJ lﬁ
[~ SplLinked  Selsct Reverse |
Ratio1 [2 [1
Spacing 2 [0 1.875
[~ Sp2Linked Selsct Reverse |
Ratio 2 2 [1
Max Space [0 1.875

[ Spacing Fielative
[ Modes Locked
[~ Parameters locked

¥ Copy Parameters

Copy

tethod ITD All Parallel Edges

Kl

[~ Copy absolute

[~ Linked bunching

&
Link Edae | g

Rewverze link |

[™ Highlight dependent edges

™ Highlight attached faces ;l

Apply | QK. I Dismissl

Note: Make sure Copy Parameters and Method to All Edges is enabled
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Hexa
Mesh in
Cylinder
3
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Similarly Click ‘Select Edge’ (ﬁ Select new edge and select
Edge 42-41, give Nodes as 9. Click Apply to accept the
changes.

Repeat the procedure for Edge 37-41, give Nodes as 9

For or Edge 37-72, give Num points 4. Press Apply to accept
the changes followed by Dismiss to close the window.

Turn on Pre-mesh in the Display Tree. Press ‘Yes’ to
recompute the mesh.

Turn on the Pre- Mesh > Solid. The display will resemble
Figure 3.372. The user might have to switch off the Vertices,
Edges and Curves to reduce clutter on the screen.

File > Save blocking will save the Blocking File
File >Mesh > Load from Blocking.

In the Mesh Exist window press Merge as shown in Figure
3.373.
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Figure 3.373

Window Asking for [Mesh Exists 2]

Merging New Mesh

Mezh Already Exists in this File,
b dio wou wish bo proceed?

Merge Replace Cancel

Switch Off Blocking in the Display Tree.
g) Merging the Resultant Mesh with Hexa Mesh at Interface2

Before merging the surface mesh at the INTERFACE2 will
look as shown in Figure 3.374. The user might have to
switch off all the families except INTERFACE2, CYL2 and
CYL3.

Figure 3.374
Hexa Mesh before Merging
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mis

L1~
- ]
=

N

Figure 3.375

Select Edit mesh > Merge Node 'F;v >Merge meshes..
A selection window will appear as shown in Figure 3.363.

In the Merge Surface Part Mesh select INTERFACE2 Press
Accept.

Press Apply in the Merge Meshes window

After merging the surface mesh at the INTERFACE2 will
look as shown in Figure 3.375. And pyramid at
INTERFACE2 will be as shown in Figure 3.376. You can
see the pyramids by switching on pyramids with LIVE
family switched ON.

Hexa Mesh after Merging
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Figure 3.376
Pyramid at INTERFACE2
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Smoothing the Hybrid Mesh

Select Edit mesh > Smooth Mesh globally h to start the
smoother interface.

A Smooth elements window will appear. The quality of the
hybrid mesh before smoothing is shown in Figure 3.377.

Modify the display of the histogram to have a Height of 20
elements. Click on Replot to replot the Histogram. To
improve the quality of hybrid mesh, change the Number of
smoothing iterations to 10. Assign Up to quality value to 0.4.
Press Apply.

Figure 3.377
Quality before Smoothing
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52—
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7 Solid
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Figure 3.378 gﬂ'ﬂ? Elements
Smooth globally window Y
— Quality

Smoothing iterations |‘I 2

el

Up to quality | 04

Criterion Iﬂualit_l,l

— Smooth Mesh Type

Smooth Freeze Float
TETRA_4 (o) - -
HEXA 8 o)
TRI_3 o ) )
QuAD_4 o) - ~
PYRA_S (g - -

— Smooth Partz/Subszets

M ethad |AII parts

Refresh Higtogram |

—Advanced Opltions
[™ Laplace smaoothing
[~ Mok just worst 1%

¥ Allow node merging
[~ Allow refinement

¥ Group bad hex regions
™ Ignaore PreFaints

[~ Surface Fitting

Frizm " arpage Ratio |D.5

[~ Violate geometry

Talerance |D.‘I

[T Relative Tolerance

Apply | ak I Dismissl

Figure 3.379
Quality after Smoothing
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1ttt

The quality of the hybrid mesh after smoothing is shown in
Figure 3.379. Select ‘Done’ to quit the smooth histogram
window.

h) Saving the Project

Select File >Mesh >Save Mesh as. Input file name as
merge domain.uns. Press Accept. It may ask what to do
about the disconnected vertices. Say Yes.

Select File > CloseProject.
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3.6.3:; Tetra mesh for Submarine

Overview
In this example, the objective is to generate a tetra mesh for a submarine

by providing partial geometry and partial surface mesh from other sources.

The configuration consists of half of a submarine, including a
SUBMARINE, FIN (Surface mesh) and TAIL (Surface mesh), are all cut
in half by the symmetry plane as shown in Figure 3.380. A cylindrical
water channel, that extends a few body lengths upstream and downstream,
contains the entire geometry as shown in Figure 3.381.

Figure 3.380
Surface parts and surface mesh of the regions composing the submarine

FIN (surface mesh)

TAIL fsurface mesh)

SUBMARINE

Figure 3.381
Surface parts of the region surrounding the submarine
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a) Summary of steps
Starting the project
Assigning the mesh sizes
Create density box in the wake of submarine
Generating tetrahedral mesh from partial surface mesh
Diagnostics
Smoothing the mesh
Saving the project
b) Starting the Projects

From UNIX or DOS window, start ANSYS ICEMCEFD. File
> Change working directory
$ICEM_ACN/../docu/CFDHelp/CFD_Tutorial Files >
submarine project. Choose its geometry file (geometry.tin)
and domain surface _mesh.uns.

c) Setting Global mesh size

Choose Mesh > Set Global Mesh Size %

ANSYESHOEMCER-10:0

WASSITCEM CFD 4sl

Tutorial Manual



Advanced Meshing Tutorials

Figure.3.382 Global Mesh Size ]
Global Mesh Global Mesh Parameters Ao

Parameters window
BV

Global Element Scale Factor

Scale factar |El.1
™ Display
Global Element Seed Size

tdax element [64.0

™ Display

Natural Size

¥ Enahbled
Size |0.125
I Display
Mum.m‘EIementsm1 ﬁ e

R
Refinement |10 ﬁ

™ Ignore Wall Thickness

Triangle tolerance |0.001

¥ Unitless tritalerance
v

Apply | QK. | Dismiss|

In the Global mesh size window, enter a scale factor of 0.25,
a Maximum size of 64, Natural size of 0.125, Natural size >
Refinement of 10, and Tri tolerance of 0.001 as shown
Figure.3.382. Leave the other parameters at their default
settings. Press Apply followed by Dismiss.

d) Setting surface mesh size

Choose Mesh > Set Surface Mesh Size‘ to set the
meshing size parameters on the surfaces of the model. Select
all surfaces in the model by “a” on the key board, and enter
the Maximum element Size of 8. Next, repeat the step and
from the selection filter, click on by parts icon and select the
part SUBMARINE. The user can make other parts invisible
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from Display Tree if it’s too much clutter on the screen. In
the Surface Mesh Size window, enter a Maximum element
size of 2 for part SUBMARINE as shown in Figure 3.383
and press Apply.

Figure 3.383
Surface Mesh

Parameter Surface(s] [5 08 1500 ﬂ

Maximum size ,2—
Height [0

Height ratio ,D—
Mumber of layers m
Tetra size ratio ’D—
Mirimurn size ,0125—
Max deviation ,D—

Blank. surfaces with params |

%utlace Mesh Size @

Apply | QK I Dismissl

e) Setting curve mesh size
Enter Maximum element size of 0 on all the curves through

. %
Mesh > Set Curve Mesh size h‘*-..-, Press "a" to select all the
curves from the screen. Press Dismiss to close the window.

f) Creating Mesh density

To create density, select Mesh > Create density'il:-}l.
However, before using this tool, we need to create another
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point behind the submarine geometry. Starting from the
back point of the submarine on the axis of symmetry, create
a point 5 unit further downstream in +X direction. In Create
Density box, Figure 3.384, enter size as 1 (a scale factor
multiplier), ratio as 1.2 and width as 15. Choose option

W

Points, and Press
above.

to pick the two axis points mentioned

Figure 3.384 )
Create density box Create Density P

Mame |density.1

Size |1
Ratio |1.2
Wiclth |15

Density Location

From

* Paoints " Entity bounds

Foints |BODY.161 FOINTS.00 &

Appby | 0]:8 Dismiss

Figure Figure 3.385, shows the density box after creation.
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Figure 3.385
Density box in the wake of submarine

Select File > Save project to save the changes made to the
model before proceeding further.

g) Generating Tetra Mesh from partial surface mesh

Tetra sizes for the parts FIN and TAIL will be taken from
the existing surface mesh by default.

Press Mesh > Volume Meshing ’ > From Geometry and

Surface mesha to start generating the mesh.

In Mesh with tetrahedral window Figure 3.386, Press on Use
existing mesh, a new window select subpart will open. Select
the parts FIN and TAIL for existing surface mesh as shown
in Figure 3.387. Press Apply to generate the tetrahedral
mesh.

ANSYESHOEMCER-10:0

485

WASSITCEM CFD

Tutorial Manual



Advanced Meshing Tutorials

Figure 3.386
Mesh with tetrahedral Hﬂﬁ%‘-’ﬂlumﬂ @
window &
tesh bype ITetra j
— Method

il

W Smooth mesh

Iterations |5 j'
Min quality |0.4
[T Coarsen mesh
[terations |2 =

Whorgt azpect ratio |EI.1

I~ Smooth transiion Facior [1.2
Evisting Mesh Parts [FINTAIL &% ...

— Ophions

¥ Run az batch process
[ Only vizible geometry

¥ Load mesh after completion

Apply (] 4 Dizmizs
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Figure 3.387 A

Select subpart for
existing surface
mesh

Select Partz

FIN
I LME

From screen | Accept | Cancel

. m e

<]

When the tetra process has finished, the complete tetra mesh should be
visually examined as in Figure 3.388.

Figure 3.388
Complete Tetra Mesh on symmetry plane
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The tetra mesh for submarine with symmetry plane is shown
in Figure 3.389.

Figure 3.389
Mesh in the Fin area

h) Diagnostics
As with the tetra tutorials, the user will need to go through all of the
checks for Errors and Possible problems. Select Edit Mesh > Check Mesh
to ensure that the mesh does not contain any flaws that would cause
problems for analysis.

i)  Smoothing

After the generation of tetra mesh smoothing was done
automatically. After eliminating errors/possible problems
from a tetra grid, the user should re-examine grid quality,
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and if necessary, smooth the grid to improve the quality. To

do this, select Edit Mesh > Smooth Mesh globallyﬁ. Set
the Smoothing iterations to 5 and the Up to quality to 0.4.
When all of the parameters have been modified as in Figure

3.390, select Apply. The smoother histogram is shown in
Figure 3.391.

Figure 3.390
Smooth mesh globally g:m;;ml? BB ":ET""
window obally
Quality -
Smoothing iterations |5 fl

Lpta guality |0.2
Criterion | Cluality ﬂ

Smooth Mesh Type

Smooth Freeze Float

TETRA_ & 'S ~ —
4
TRI_3 i+ - -

Smooth Pars/{Subsets

Methad |All parts -
Fefresh Histogram ‘ - |
Applhy ‘ 04 Dismiss ‘
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Modify the display of the histogram to have a Height of 20
elements. Right mouse click on any of the histogram bar and
press Replot to update the histogram.

Figure 3.391
The smooth elements histogram window
24— B ;
. Llualing 453 sers o)
18
2]
- Reset
E__ w Show
0— [ [ Seld [ [ [ [
0039 014 023  Subset |oE2 n0E2 071 081 03

Done

When the quality of the mesh is at an acceptable level, press
Dismiss to close the Smooth elements histogram window.

j) Saving the project
Save the mesh by selecting File > Save project. If a question box pops up

to delete disconnected vertices, respond by saying Yes. Then close the
project by selecting File > Close Project
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3.6.4: Quad Mesh on a Frame

Overview

In this example, the user will generate a Quad Surface mesh on a frame.
The frame, shown below in Figure 3.392 , represents a part fabricated
from a sheet metal having a thickness of about 2.5 units. In order to set up
this geometry for surface meshing, the mid surface utility will be used to
get rid of the thin parts.

Figure 3.392 Quad Frame

a) Summary of steps

Starting the project
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Determining the mid surface
Repairing the geometry
Defining sizes on curves
Meshing on surface
Checking the quality
Saving the project

b) Starting the Project

From UNIX or DOS window, start ANSYS ICEMCFD.File
> Change working directory
SICEM_ACN/../docu/CFDHelp/CFD_Tutorial Files>Frame
project. Choose its Tetin file geometry.tin.

C) Determining mid surface
The user should verify the thickness by View > Distance or distance icon

.ﬁ by clicking on two sides spanning the thickness of the geometry. The
part will be modeled by the quad shell elements that are computed on the
mid surface of the geometry. However, mid surface creation depends on
the gap between the two spanning surfaces. The user can safely take a
value of 3 to determine the mid surface.

e Display Surfaces from the model tree. The user may type "h" from
the keyboard to get the home view.

e Geometry >Create/Modify Surface @ . This will open up a

1
window as shown in Figure 3.393. Press Mid Surface. é In the
panel, Uncheck Inherit part name, put the Search distance as 3
and accept the default tolerance for subsequent Build Topology.
Change Part name for mid surfaces to ‘SURFS’ and in the Name
window enter SURFS.0. Next, select Quiet in the How window,

press on Parts picker & to select the all parts by hotkey ‘a’.
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Figure 3.393
Mid Surface
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Create {Modify &)
Surface i
Part |SURFS - a

Name [SURFS.00
)& m
V48 Dty
Qdes

Midsurface

hethod | Bw Fars

-

<]

1 1 1 7

Inherit par name

Search distance |3.III

Tolerance |EI.3

Howe |I:]u

iet

Pats [FRAME  §%

F.eep original

Delete unattached
curves and points

Create assemblies

Fartial

Similar pairs only

Frefer connected pairs

Apply

K,

Dismiss
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Click Apply.

Note: Once the operation is done, all the new surfaces will be in FRAME and the
corresponding original surfaces will automatically be deleted from the family
SURF. However, SURF family is still not empty.and it needs to be deleted.

When prompted by the delete window, Figure 3.394, press Delete to
delete all the original entities. This operation will also remove the
original part name.

Figure i 2 .
3.394 SN Some original surfaces still exist E|

Original
surfaces

87 original surface(s) found.
What do wou want o do?

Create Subset Delete Cancel

The geometry would now look as shown in Figure 3.395 after making
all the parts visible. Right mouse click on Curves and select Color by
count. The yellow and red curves are indicative of the Build Topology
that mid surfacing operation did.

Figure 3.395 Geometry After Mid Surfacing
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d) Repairing Geometry
The user can notice several yellow color curves in the model. Those
represent the free edges of the surfaces that are not connected to a
neighboring surface. Since this is an FEA model, it is Ok to have open
boundaries. Note that the user can reduce the display clutter by switching
OFF Show Unattached, Show Double and Show Multiple options for the
Curves by right clicking on Curves in the Display Tree.
Now the circular holes in the frame can be removed

Select Geometry > Repair geometry > Remove Holes “ Pick all
the circular holes curves, one by one, and press middle mouse key,
Figure 3.396.
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Figure 3.396 .
Remove holes in Repair ~ Fiepair Geometry ?
geometry -

Repair Surface -

y ol R (il
ﬁ@?@p i

Curves | @

=

Ay 0] Disrmiss ‘
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Figure 3.397
Display after removing holes

e) Defining sizes on curves
The user should now make all the curves visible by switching ON
Unattached, Double and Multiple options for the Curves by right clicking
on curves from the model tree.
Options like Color by count and Show Wide could be switched OFF from
the model tree by right clicking on Curves from the model tree to reduce
the clutter.

The user must define mesh sizes before mesh generation. Under Mesh
> Set Global mesh size % > Global mesh parameters B , Set

Scale factor to 1land Max Element to 512 as Figure 3.398. Press
Apply followed by Dismiss to close the window.
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Global mesh size
window
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&Iuhal Mezh Size

— Global Mezh Parameters

BT

— Global Element Scale Factor

Scale factar I'I

[T Display

— Global Element Seed Size

bl ax element |51 2

[ Display

— Hatural Size

[~ Enabled

Size |0.125
I Display

Cellz in gap |1

R efinerment |1 ]

[T lgnore wall Thickness

[l [al

Triangle tolerance |EI.EIEIEI¢1

v Unitless ti tolerance

Apply k.

Dizmizs
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~

e Select Mesh > Set Curve mesh size f\‘*’ this will open a window

as shown in Figure 3.399. Click on picker @ and select all the
curves with the hot key ‘a’. For Maximum element size, enter 4
and press Apply. Press Dismiss to close the window.
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Figure 3.399
Curve mesh size Curve Mesh Size 9

window

—Eut&e Meszh Parameters

Method |General A

Select Curve(z) |t|:||:u:|_surf.-"'| 32e110 topo_: ’@

b asirnuim Size |4

MHurber of Hodes |

Height |0

Ratio |0
width |0

le

Minimum zize |EI

b aximurn desviation |EI

—Advanced Bunching

Bunching law | j

Spacing 1 |

Ratio 1 |

Spacing 2 |

Ratio 2 |

Max Space |

[T Adust attached curves

[~ Remezh atached sulaces

Blank curves with params |

Apply | 0k, Diismizs
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Switch ON Quad sizes by right clicking Curves >Curve Node Spacing
from the Display tree. This will display the nodes on all the curves in
the model as shown in Figure 3.400.

Figure 3.400
Quad sizes
on the
curves

-.—H_,.-d
4-/

e

et

f)  Surface Meshing

Mesh > Shell Mesh ' > Patch Based ! : This would open up a
window like in Figure 3.401.
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Figure 3.401
Surface mesher window ~ Mesh Surface &

Surface Meshing

VO

besh type |Quad Dorninant j
Mesh boundaries

hethod |Fr|:|m surfaces j

surfaces | ﬁ

Froject to surfaces

Fespectline elements

~

B

W Remove old elements
[ lse surface sizes

-

simple offset

lgnore size |EI

Clean lewel |2 §|
[ Smooth boundaries
bMapping |EI.2 §|
Adjustnodes limit |0 3
hdax desiation |III
Try harder |1 il
Apply ‘ Ok Dismiss ‘
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Select Quad Dominant in the Mesh Type option, increase the Clean
Level to 2, and switch ON the Project to surfaces & Respect Bar
Element. Finalize by pressing Apply.

This would create a mesh as shown in Figure 3.402.

Note: User can see the mesh by Mesh>Shell>Solid & Wire in theDisplay tree

Figure 3.402
The final mesh

g) Checking quality
The user should always check for the quality of the existing mesh.

Go to Edit mesh > Display Mesh Quality, in the Criterion window
select Quality, the window pops up as shown in Figure 3.403. The
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minimum quality stands at 0.00048 and therefore the mesh must be
smoothed.

Figure 3.403
Quality histograms window
24

18 hin 0000484507
[ E

12

0000458 04 nz 0.3 04 0.5 0& 0.7 na 0.3 1

e Go to Edit Mesh>Press Smooth Mesh Globally E and in the
Smooth Mesh Globally window in the Up to quality option
change the value to ‘0.4’ as shown in Figure 3.404 and press
Apply. Keep the default setting as it is)
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Figure 3.404
Smooth Element Globally
Window

Smooth Elements
Globally

— Quality

Smoothing iterations |5

Laly!

Up to quality | n4

Criterian |uuality

— Smooth Mesh Type

Smooth Freeze

Float

TRI_3 0 .

-

QuAD_4 0 o

-
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tdethod I.f-‘«II parts

Fiefrezh Hiztogram |

—Advanced Dptions
[~ Laplace smoothing
[~ Mot just worst 1%

¥ allow node merging
[ 2llow refinement

¥ Group bad hex regions
™ lgnore PrePoints

I Surface Fitting

Frizm Y arpage Fatio |D.5

[~ “iolate geomety

Tolerance |D.1

[ Felative Talerance

[~ Minimum Edge  Length |5
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Apply | QK I Digmizs
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e After smoothening is performed right click in Histogram window
and select Reset, the final histogram is shown in Figure 3.405.

Figure BE
3.405

Smoot 42
h Mesh 28
Globall 14
y

u I

1 1 1 1
033 0.4 046 053 0e 0E7F 073 0.a s 093

h) Saving the project
For saving the project select File > Save Project. Accept the default file
names when asked.
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3.6.5: STL Repair with Tetra meshing

Overview

In this tutorial, the user will generate the tetra mesh in a pipe
configuration. The pipe has different problems in the geometry which
might cause leakage (holes) in the Tetra mesh. This example focuses on
how to deal with leakage and corresponding geometry repair.

Figure 3.406
stl start

a) Summary of steps

Starting the project
Repairing the geometry
Saving the project

b) Starting the Project

Start ANSYS ICEMCFD. Select File > Change working
directory and browse for
SICEM_ACN/../docu/CFDHelp/CFD_Tutorial Files/STL R
epair. Load the tetin file, geometry.tin.
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Right mouse select Geometry > Surfaces in the Display tree
and select Show Full to see the full triangulation of the
surfaces.

c) Repair Geometry

First run initial topology to find any possible problems with
the geometry.

Select Geometry > Repair Geometry @ > Build
¥

Diagnostic Topology @ . This will open up a window as
shown in Figure 3.407.
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Figur_e 3.407 . Repair Geometry '@
Repair Geometry/Build Topology
window Repair Surface -

P2oliN
gggﬁﬂ

Build Topology

Tolerance |EI.DE|4
Filter by angle

El

[™ Filter points
[ Filter curves
Hew Part Hame

@+ Inherted  © Create new

Build Topo PartsfSelection

L] L]

tethod |.t’-'«|| parts |

[ Part by part

™ Single curve cleanup

0.00s

v Split surface at
T-connections

[~ Split at interior curves

™ Join edge curves

Delete unattached curves
o and points

Apply | kK | Dizmizs |

|
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Figure 3.408
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The more important settings are:

Tolerance — maximum gap distance between surface edges
not considered to be a problem. Typically set to one order of
magnitude smaller than smallest projected mesh size or
geometry feature. A default is calculated based on a fraction
of the model size.

Filter Curves/Points — If turned on, will remove or “filter
out” curves and points of between surfaces and curves that
meet at a smooth transition. The Feature angle defines a
maximum angle between two surfaces (or curves) that would
be considered “smooth.” Any curves generated between
surfaces whose angle is less than this value would be
removed. Generally recommended only for creating a set of
curves for meshing constraints, not geometry diagnostics.

Use all default settings, including Tolerance, and Apply.
Note the curves as in Figure 3.408.

Geometry after Build topology

After building topology, the new curves are automatically
turned on and options changed to Show Wide and Color by
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Count. These options can be turned on or off by right mouse
selecting Geometry > Curves. Color by Count will display
curves in the following colors:

Red — Curve is shared by two surfaces. This is desired and
would indicate clean, water-tight geometry.

Yellow — Curve is shared by only one surface. This
indicates a gap or hole greater than the tolerance. Usually
has to fix.

Blue — Curve is shared by three or more surfaces. Usually
indicates a t-junction or a sliver surface that’s thinner than
the tolerance. Most likely okay but in some cases may cause
potential problems.

Green — Free curves that are not logically associated to the
surface. Usually curves that are imported or manually
created. Build topology, by default will remove these
curves. Can also be removed manually.

First close the hole for the little stick out portion as shown in
Figure 3.409.
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Figur

e N

3.409 N
Squar N

e -
portio - S SN

n ) . 8
befor S
e

repair -

Select Repair Geometry > Close Holes E.E Select the
curves, one pair at a time and press the middle mouse button.
Repeat for all four pairs. Triangles will be created to fill in
the gaps and the curves will be automatically updated to red
as seen in Figure 3.410.
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Figure 3.410
Square portion after
repair

The user will now focus on the two concentric circles in the
center (Figure 3.411). Perhaps this feature is small enough
to ignore, so rather than fill in the gap, we’ll match or stitch
the edges.
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Figure 3.411
Circular portion
before repair

Select Repair Geometry > Stitch/Match Edges H . Select
the two concentric curves and press the middle mouse button
or Apply. Note that the edges of the second curve will be
moved to match the edges of the first selected curve. See.
Figure 3.412 .
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Figure 3.412
Circular portion after
repair

The large hole at the end of the pipe will be fixed on the
mesh level to follow.

d) Assigning Mesh Sizes.

Select Mesh > Set Global Mesh Size ﬁ > QGeneral

Parameters % . This will open up the window as shown
in Figure 3.413.
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Figure 3.413 . )
. Global Mezh Size

Global Mesh Sizes B

window Global Mesh Parameters -

WA T

Global Element Scale Factor

Scale factor |D.2
[ Dizplay

Global Element Seed Size

Max elemant |2
[ Dizplay
Matural Size
v Enabled
Size |01

[ Dizplay

Hum. of Elements in gap |1

1) |

Refinement |10

[ lgnore wall Thickness

Triangle tolerance |EI.EID'|

[v Unitless ki tolerance j

Apply | Ok | Disrmizs

Set Scale factor to 0.2, Global Element Seed Size (Max
element) to 2.

All surfaces and curves will take on the Global Element
Seed Size (Max element) of 2 x 0.2 (scale factor) = 0.4.
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Zoom in to the stick out square portion as shown in Figure

3.414. Select Measure distance ‘E in the upper left hand
Utility Menu and then select two locations along the lower
and upper curves of the square stick out. Note the prescribed
elements size is too large to capture this feature.

Figure 3.414
Tetra sizes on surfaces

!

Back to Mesh > Set Global Mesh Size % > General

Parameters % Turn on Natural Size (check Enabled)
and change the size to 0.1. This value is multiplied by the
Scale factor whose product is the global minimum size.
Thus 0.1 x 0.2 = 0.02 is the lower limit of subdivision. With
Natural Size enabled, the tetra mesher will automatically
subdivide to smaller elements in this area.
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e) Defining Material point

o

yadatPt
Select Geometry > Create body ﬁ > Material point
)‘aﬁﬁ‘i
Enter the Part name as LIVE. Select = again or Select

location(s) W and select two locations on the geometry
such that the mid point is inside the pipe. Verify by turning
on Geometry > Bodies in the Display tree. Rotate the model
to ensure that LIVE lies inside the pipe.

Select File > Save Project.

f)  Generating Tetra mesh

Select Mesh > Volume Meshing .> From geometry

@ The Mesh Volume panel will appear as in(Figure
3.415).
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Figure 3.415 Meszh Yolume i

Mesh with

Tetrahedral window Mesh type |Tetra j
— Method

Ll

¥ Smooth mesh
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Min quality 0.4
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Make sure Mesh type > Tetra is set, leave all other options as
is and press Apply to generate the tetra mesh.

Due to the open end, a window will warn you of leakage
(hole) as shown in Figure 3.416.

Figure 3.416 %)

Leakage warning

window
Your geametny haz a hale,

do you want ta repair it?

Yes Mo Only Shells

Select Yes to repair the mesh. This will display single,
yellow edges forming the perimeter of the hole and their
adjacent surface elements. These elements are automatically
put in to a subset which is turned on in the Display tree:
Mesh > Subset > Leak Location. Turn off all Geometry in
the Display tree and view the hole as in Figure 3.417.
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[
S

Selecting Yes to repair will also bring up the mesh repair
window shown in Figure 3.418. This panel contains several
tools for automatic mesh repair, one being to fill or create
surface mesh within a closed loop of single edges, Mesh

Figure 3.417
Leakage in display

from Edges @ which is used in this case.
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Figure 3.418 ] 5
Surface mesh repair epair Mesh
options window

— Meszh Repair Tools -

P )
L

— Meszh from edges

Mesh type &Il Tri |
Edges W ’ﬁ o

[T Surface projection

[T Single loop % complete edges

[ Interpolation surface

¥ Keep volume consistent

Apply | ] Digmnizz |

You will be immediately prompted to select edges — no need

to select from the Repair Mesh panel. Leave
everything in the panel as default and drag a selection box
(keeping the left mouse key depressed) around the displayed
edges. Selection will be verified by display of nodes and
black edges. Press the middle mouse button or Apply. The
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yellow edges will eventually disappear indicating the closing
of the hole was successful.

Note: Notice that Keep volume consistent is selected. This will restructure the
tetras so that they match up with the newly created surface mesh. This is
recommended only if there is one hole as in this case. If more than one hole,
Keep volume consistent should be turned off, Mesh from Edges should be done

(A
manually, one hole at a time, then select Flood Fill/Make Consistent ‘Q also
from the Repair Mesh panel.

Flood fill is also part of the Make consistent process. After the tetras are fixed,
Flood Fill is automatically run to determine which elements to retain (those
inside the closed volume) and which to throw away. Scroll up in the Message
Window and note the number of elements assigned to LIVE and those put into
ORFN (default dead zone).

Turn off Mesh > Subsets in the Display tree and turn on
Mesh > Shells. Right mouse select Shells and select Solid &
Wire. View the corrected surface mesh as in Figure 3.419.

Figure 3.419
Mesh in circular
region after repair
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Also note the refined mesh in the square stick out portion as
a result of Natural Size (Figure 3.420).

Figure 3.420
Final mesh detail

g) Final Steps
Smooth the mesh: Select Edit Mesh > Smooth Mesh
Globallym. Note the current bad quality in the Histogram
Window. Use the defaults in the Smooth Elements Globally

panel and Apply. Note the improvement in quality in the
histogram.

Select File > Save project and Exit
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3.6.6: Workbench Integration

This tutorial will give user the idea about parametric changes in the
blocking with the geometry.

Figure 3.421
Blocking
geometry

Figure 3.422
Blocking after
modifying
geometry
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a) Summary of the steps
Loading geometry in DM
The Blocking strategy
Create composite curves
Splitting the blocking material
Associating edges to curves
Generating the blocking
Modifying the geometry
Updating the association

Saving the blocking

b) Starting the project
From the Windows, fire Ansys workbench integration. Then one window
as shown in Figure3.423will launch. Select Geoemtry. This will open a
DesignModeler graphics user interface (GUI) as shown in.Figure 3.424
Press ok for desired length unit window. This will keep units to the default
SI unit system.
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Figure3.42  [EEE 5
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¢) Loading Geometry in DM

For loading geometry in the DM, go to File > Open. Select the
Piping.agdb file from the desired location. This will show geometry in the
GUI as shownFigure 3.425

Figure 3.425
Loaded geometry in
the workbench
environment

d) Proceeding to the advance meshing

For creating the blocking, user has to go the advance meshing tab. Go to
the Project window, select Proceed to advance meshing as shown Figure
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Figure 3.426
rl?]ré)scr:%i(;(;mg to advance | "4{. [Project] x I i) parametric [Designiodeler]
|File Tools  Help |J_‘|ﬁ|@||&

Designiodeler Tasks

il Open
fiiy Open copy
& New sirmulation

W Proceed to Advanced Meshing

Default Geometry DOptions

v Solid bodies

¥ Surface bodies

¥ Line bodies

W Parameters TF oS

[ atributes P |sDFEA;DDM
™ Mamed selections 1P [us

™ Material properties

Pressing Proceed to advance meshing will invoke the Advance meshing
gui, Select File > Geometry >Update geometry > Merge geometry, it will
open geometry in Advance meshing as shown in Figure 3.427
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Figure 3.427
Geometry in
the Advance
meshing

e) Blocking

Select Blocking > Create Block > Initialize block @, it
will open the window. Select Initialize block and 3D for
Type of the block as shown in Figure 3.428. Select all
entities and press Apply to create blocking.
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Figure 3.428
Create block window Elcaigiee ?

Part |SOLID Hi=

— Create Block

DB @@

— Initialize Blocks

Type |20 Bounding Box |

Entitigz I ‘1‘:\",

[™ Project vertices

[ Orient with geometry

[~ 2D Blocking

=

Apply | Ok I Dizmizs |

For vertices number, turn ON Blocking > Vertices > Number

from Display Tree widget. After creating the block geometry
will look like as shown in Figure 3.429.
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