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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.
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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

ANSYESHOEMCER-10:0

WASSITCEM CFD

Tutorial Manual



ANSYS ICEMCFD GUI

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.

ANSYESHOEMCER-10:0

WASSITCEM CFD

Tutorial Manual

17



Geometry Creation

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

100
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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
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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

ANSYSHOEMOER-10-0
Tutorial Manual ol

AASSIICEM CFD



Geometry Creation

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.

ANSYESHOEMCER-10:0

AWM TCEM CFD

Tutorial Manual

64



Hexa Meshing

WASSITCEM CFD

Tutorial Manual

65



Hexa Meshing

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.
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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
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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

ANSYESHOEMCER-10:0

WASSITCEM CFD

Tutorial Manual

92



Hexa Meshing

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
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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.

ANSYESHOEMCER-10:0

ICeENM CEFD 130

Tutorial Manual



Figure
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

[
=
—

S— : ADESSESTCENCEDRH0-0
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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.
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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
AL SIS ICEN CHED Tutorial Manual 0




Hexa Meshing

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
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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
* Cent