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STAR-CCM+ Introduction
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Introduction  STAR-CCM+ is a powerful, all-in-one tool which combines: • Ease of use. • All in one software package. • Automatic meshing. • Extensive modeling capabilities. • Powerful post processing.



 Developed since 2004. • Uses the latest numerics and software technologies. • Designed from the outset to handle very large models (100M+ cells). • Full process integration: CAD to CAE in one package. • Rapid development cycle: new release every four months.
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All in one software package CAD



CFD



STAR-CCM+ contains tools from CAD creation to post processing, all in a single, easy-to-use environment.
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Powerful Post Processing  Based on the concept of 'parts'. • A boundary, a plane section, an iso surface... • Once created, a part can be used in any post processing.  Data stored in 'field functions'. • Predefined, e.g. Temperature, Pressure... • User defined.  Types of post processing available: • Contour plots / vector plots. • Sections, streamlines and iso surfaces. • Transforms for symmetric and periodic models. • Reporting of fluxes, forces and force coefficients, area and mass averaged quantities etc. • Monitoring of data with time. • XY graphs.
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Basic Concepts  The last part of the name – CCM – is derived from Computational Continuum



Mechanics. •



•



•



• •



Multi-Physics, continuum based modeling. Models define fluid or solid continua, and the various regions of the solution domain are assigned to these continua. Separation of Physics and Mesh. In terms of simulation setup, the mesh is used only to define the topology of the problem. Generalized interfaces. Topological construct allowing communication between regions independent of the mesh (conformal or non-conformal). Face-based solver. Any cell type supported. Full interactive control over simulation process. Allows user to watch the solution develop as the analysis is running and modify settings “live”.
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Introduction  STAR-CCM+ uses a Client – Server approach: • Light weight Java front end and C++ server.  Runs on Windows and Linux.  The simulation objects are created and solved on the server.  The workspace views these objects through the client.



 The client and the server are two distinct processes. • They can be run on different machines. • The client can be connected to and disconnected from the server process, without stopping the server.
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Client – Server Details CLIENT: Part of client-server architecture through which you launch a simulation and work with it.



SERVER: Implements commands in the simulation, e.g. importing data or running the solver.



Processes on your machine: Windows



Linux



GUI client



starccmw.exe



java



Batch client



starccm+.exe



starccm+



Server



star-ccm+.exe



star-ccm+
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Client – Server: Serial  The default is to launch both client



and server on the same machine.  If a Remote Server is chosen, the server processes will be run on the specified machine. •



The command string needs to match against the path of the remote shell that is used.
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Client – Server: Parallel Client – Server approach extended in parallel version to include a Controller – Worker model on the server.



19



File handling STAR-CCM+ has one file (*.sim) that contains the mesh, analysis setup and results of the last iteration or time step. An additional file (*.simh) can be written which allows the user to store and reload data from previous states of the simulation.  To start a new simulation use:



File > New Simulation.  To open an existing simulation use:



File > Load Simulation.  To save a simulation use:



File > Save. 20



Getting help The online documentation can be accessed with a browser.
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Getting help In addition the F1 key provides context sensitive help. For example, if you need help on Stopping Criteria:  Select Stopping Criteria.  Hit the F1 key. •



Your browser automatically displays help on stopping criteria.
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STAR-CCM+ Basics Introduction to the GUI Workflow
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Terminology STAR-CCM+ uses the following terminology:  Parts.  Regions.  Boundaries.  Interfaces.  Continua.



Using the example shown on the right, the next few slides explain the terminology used.
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Parts  A part is the geometric definition in



physical space. •



It represents the actual size and shape. • It can be a Geometry Part or Derived Part.



Body 1 Body 2



Body 3



Body 4
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Region and Boundary  A region is a volume in 3D space



(surface in 2D). •



It is not necessarily contiguous and it is discretized by a conformal mesh consisting of connected faces, cells and vertices.



 Boundaries are the exterior surface



of regions. •



They could be a physical boundary (e.g. wall, inlet, outlet) or a connection between different regions.
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Interface and Continuum  Interfaces permit transfer of mass



and (or) energy between different regions. •



Internal interfaces permit transfer of mass and energy. • Contact interfaces permit transfer of energy only.



 A continuum represents a collection



of models that represent either the physics or the mesh of some given region(s).
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Model Tree and Parameter Definition The tree follows this terminology: Geometry Part



Derived Part
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How it all fits together Regions (Topological Definitions).  Regions/Volumes & Boundaries.



CAD



3D-CAD



Parts (Geometry Definitions).  Physical space defined.  Operations on Geometry.



•



‒ ‒



•



•



‒



•



Rename. Separate/Merge entities.



Meshing. ‒



‒



Surface Mesh: Definition and Execution. Volume Mesh: Definition.



Solid volume. Physics. ‒



Modifying. • Organizing. ‒



Inlet boundary. Outlet boundary.



 Continua.



•



Mesh Files



Fluid volume.



‒



•



Physics 1. ‒ Material is a gas, e.g. Air. Physics 2. ‒ Material is a solid, e.g. Steel.



Meshing. ‒



‒



Mesh 1: Surface or Volume Mesher definition. Parts Meshes: Volume Mesh execution defined under Operations. 29



Workflow overview From meshing to running:  Import surface.  Repair surface if required.  Define boundary conditions.  Set meshing models and properties.  Generate mesh.  Set physics models and properties.  Define solver settings.  Prepare post processing.  Run analysis.
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Surface Import  Surface files formats fall into different categories. • Meshed (tessellated) data. ‒



•



Consist of surface elements defined by three vertices.



CAD data. ‒ ‒



Neutral formats – do not require an additional license. Native formats – require a CAD exchange license as the importer are 3rd party products.



 Maintaining names of surfaces, feature curves and parts is an important aspect. • Surface importer relies on the information provided in the files. • Some format element naming does not match with the representation in STAR-CCM+. ‒



100% name match is format dependent.



 Details in the User Guide and Appendix. • Search for Import Reference.
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Surface repair  Why do surfaces need to be repaired? • Imported CAD is not always suitable for flow solution. ‒ ‒



Too many details. Only solid volume is imported.



•



Volume has to be closed and manifold. • CAD parts must be split / combined into correct boundaries.  How can I repair the surface? • For simpler geometry or few problems, use the manual repair tools. • For complex or poor quality CAD, use the surface wrapper. • These will be covered in more detail later in the course.
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Boundary conditions  Available boundary conditions: • Axis (2D) • Pressure Outlet • Flow Split Outlet • Stagnation Inlet • Free-Stream • Symmetry Plane • Mass Flow Inlet • Velocity Inlet • Overset Mesh • Wall  Why define these so early in the workflow? • STAR-CCM+ takes into account the boundary type when generating the mesh.
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Mesh setup  From STAR-CCM+ v8.02 onwards



meshing setup may be accessed at the parts level.  A fundamental shift from the existing region based approach. •



PBM (Parts Based Meshing). • RBM (Region Based Meshing).  This means: •



Mesh setup may also be done on geometry parts as well as regions. • New meshing developments will be introduced through PBM.
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Mesh generation  The following meshing model combinations are possible: • Continua: Surface and Volume meshing models region based. • Operations: Surface and selected Volume meshing models parts based. • Mixed: Surface mesher in operation and volume mesher in continuum and/or operation.
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Mesh storage  For each generated mesh a description or



representation is created. •



The Surface Mesh of an operation is stored as description Remesh. • The Surface Mesh of a mesh continuum is stored as representation Remeshed Surface. • The Volume Mesh of both operation and continuum are stored as representation Volume Mesh.  The Surface Wrapper is an exception. • Used in a mesh continuum the mesh is stored as representation Wrapped Surface. • Used in an operation the resulting mesh is stored in a new part Surface Wrapper. ‒



Used for visualization and as input for the surface remesher.
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Meshing and Physics models



Version 8.02 Moved to Parts in future versions
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Solver settings  In most cases you don't have to modify the



settings of the solver.  Sometimes convergence can be improved by



altering solver settings such as the underrelaxation factors.  These can be found under the Solvers node of



the object tree.
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Define post processing



The integrated analysis and visualization tools provide live feedback on the progress of the simulation. This allows you to:  Stop the solution at any



point, adjust parameters and continue.  Define required analysis before starting solution so results are saved as solution runs.
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Demo: elbow.sim  Demonstration of the workflow: • 3D-CAD creation. ‒



• • • • • •



No surface repair required.



Transfer to Parts and Regions. Mesh setup. Boundary setup. Physics setup. Post Processing. Running.



 Find pictures for the GUI, mouse buttons and toolbars in the Reference Guide In the appendix.
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WORKSHOP: Launching STAR-CCM+  Launch STAR-CCM+. • On Windows: double-click on the STAR-CCM+ icon. • On Linux: on the command line type starccm+.  We load the simulation file and work through some basic functionality in STAR-



CCM+. File > Load Simulation... 2. Choose to open Basics / elbow.sim. 3. Click OK. 4. Right click on the Scenes folder and choose Open all Scenes. 1.



 Use this .sim file to follow the details in the next slides.
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User exercise In the currently open simulation:  Expand the regions node. •



What boundaries are defined? • What happens when you select a boundary in the tree? • What velocity magnitude has been applied at the inlet?  Rotate the geometry so that the outlet can be seen. • Store this view (under the camera icon). • Rotate the geometry to a different viewpoint. • Restore the original view (under the camera icon).  Open the help documentation. • Search for information on 'restore view'. • Find where the tutorials are stored.



 Close STAR-CCM+. Do not save the current simulation.
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WORKSHOP: The STAR-CCM+ workflow Introduces the main processes in STAR-CCM+
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Car in a wind tunnel Objective:  Follow through all the stages in the STAR-CCM+ workflow.  Gain confidence in using the STAR-CCM+ interface.  This exercise uses a simple geometry of a car in a wind tunnel.  Later exercises will build on the basics learnt here.
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Workflow for a simple car Features covered:  Import .x_t geometry of surface.  No surface repair required.  Split surfaces to define required boundaries.  Define mesh settings. •



Specify thickness of prism layer.



 Define physics settings. • Incompressible, turbulent, steady.  Check solver settings. • Use defaults.  Run simulation.  Post processing is covered in next exercise!
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Start a STAR-CCM+ simulation



Launch STAR-CCM+. 2. Start a new simulation by going to File > New Simulation… 3. Keep the default settings in the dialogue box and click on OK. 1.
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Import geometry



File > Import > Import Surface Mesh and choose the surface named Workflow / wind_tunnel.x_t. 2. Select to Create New Part, leave remaining options at their default values and click OK in the Import Surface Options dialog. 1.
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Import Geometry  The import shows one



geometry part, containing one surface. In the scene/plot panel select Geometry Scene 1 > Displayers > Geometry 1. 2. In the Properties panel, turn on the Mesh display option. 1.



Geometry and scalar displayers also change by using the scene toolbar’s activate mesh button. 3.



Save the file as wind_tunnel.sim.
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Check Surface  Check the surface for errors. 1. Go to the simulation tree. 2. Right-click on Geometry > Parts > wind_tunnel > Repair Surface... 3. Click OK in the opening window.
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Check Surface In the edit panel click on Manage Thresholds. 2. In the new panel check that all thresholds are active, then click Apply and OK. 1.
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Check Surface  There are no grave errors in the geometry, close the panel after checking them. • The Close Proximity Faces are resolved after splitting and interface creation. • Poor Quality Faces are gone after remeshing.
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Scaling and Splitting  We need to scale the import by a factor of 10



to change the length to meters. Select Geometry > Parts > wind_tunnel node. 2. Right click and select Transform > Scale from context menu. 1.



In the dialog box enter a Scale Factor of 10. b. Click Apply and Close. a.



3.



Click on the Reset View icon.



 Split the imported surfaces to assign to



individual boundaries. Select the Geometry > Parts > wind_tunnel > Surfaces > Faces node. 2. Right click and select Split by Patch... from the context menu. 1.
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Specify geometry setup  Split and rename the Part Surfaces. 1. Click the front face of the airflow in the wind tunnel, rename it to Inlet and click Create.



2.



Do the same for the other faces: The symmetry face b. The side face c. The back face d. The bottom face e. The top face a.



3.



Click Close.



Symmetry Wall Outlet Floor Top



Top



Outlet



Wall



Symmetry Floor
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Specify geometry setup Split the car into separate surfaces too. Right click on Faces and select Split Non-Contiguous from context menu. 2. Click on the names of the three newly created surfaces to highlight their geometry in the scene. 3. Select the two wheels using CTRL, then right click and select Combine to gather them under the same boundary. 1.



4.



Rename the wheels as Wheels and the car as Body.
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Transfer of geometry elements STAR-CCM+ separates geometry parts from simulation relevant regions.  Simulation relevant parts need to be transferred into the regions folder. Select wind_tunnel > Assign Parts to Regions… 2. Modes: 1.



One region per part. b. One boundary per part surface. a.



3.



Click Create Regions and Close.
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Define boundary conditions The boundary type affects the meshing. Go to Regions. 2. Select each boundary and set its Type in the Properties window following the table below. 1.



Boundary



Type



Floor, Top, Wall, Body, Wheels



Wall



Inlet



Velocity Inlet



Outlet



Pressure Outlet



Symmetry



Symmetry Plane
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Select mesh models Select the meshing models, STAR-CCM+ loads additional functionality only if required. Go to Parts > wind_tunnel. 2. Right click and select Create Mesh Operation > Automated Mesh. 3. Check that wind_tunnel is selected for Parts and select the models: 1.



Surface Remesher. b. Trimmed Cell Mesher. c. Prism Layer Mesher. a.



4.



Click OK. › A new entry appears under Operations. › The yellow exclamation mark indicates that this operation has not been executed yet.
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Default mesh settings  Make the default mesh settings. 1. Go to Operations > Automated Mesh. 2. Under Default Controls set: Base Size: 0.25 m. b. Prism Layer Total Thickness > Relative Size: 10%. a.
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Generate mesh  Start the meshing pipeline. 1. Go to Operations > Automated Mesh. 2. Right click and select Execute. › Or press the Generate Volume Mesh button in the toolbar. › STAR-CCM+ automatically generates a surface mesh, then a volume mesh with prism layers on the walls. › The exclamation mark disappears and a new node is added to Continua: Parts Meshes.
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Generate mesh  In a new scene the mesh is visualized. 1. Create a new mesh scene. Right click on the Scenes > New Scene > Mesh. b. Or use the Create/Open Scenes button in the vis toolbar: a.



2.



Make the scene transparent.
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Visualize Mesh  Change the view. 1. Press T on your keyboard. › This is a shortcut for Top view in z-direction. 2.



Make view parallel. Click on the camera icon. b. Select Projection > Parallel. a.



 Create a section plane through the wheels.



In the vis toolbar click on the fx icon. 2. Draw a line in the scene as shown in the picture. 3. Choose to select a New Geometry Displayer. 1.
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Visualize Mesh  Change the position of the section plane if it doesn't cut through the wheel. 1. Go to Derived Parts > plane section. 2. In the properties window of Single section click on the Offset value. › A slider appears and allows to adjust the position interactively.



62



Visualize Mesh  Hide displayer Mesh 1. 1. Go to the scene/plot panel. 2. Right click Displayers > Mesh 1 > Toggle Visibility.  Make mesh visible for displayer Section Geometry 1. 1. Click on Displayers > Section Geometry 1. 2. In the properties window click on the Mesh check box. 3. Expand the Section Geometry 1 > Parts folder. 4. Right click plane section > Align View to Part Normal.
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Setting the physics  Choose the physics models. 1. Right click on Physics 1 under the Continua node. 2. Choose Select models... 3. In the Physics Model Selection dialog, select: Steady, b. Gas, c. Segregated Flow, d. Ideal Gas, e. Segregated Fluid Temperature, f. Turbulent, g. K-Epsilon Turbulence, h. Cell Quality Remediation. a.
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Setting the simulation conditions  We want to set an airflow velocity in



the wind tunnel of 15 m/s. Go to Regions > wind_tunnel. 2. Open folder Boundaries > Inlet > Physics Values > Velocity Magnitude. 3. Click on Constant and set the velocity value to 15 m/s in the Properties window. 1.
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Setting the stopping criteria  Decrease the maximum steps. 1. Go to Stopping Criteria. 2. Set Maximum Steps to 200 (350 if time allows it) in the Properties window.
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Post processing  View the pressure field while the solution is running. 1. Create a new scalar scene. 2. Go to the scene/plot panel and click on the following entries of Displayers > Scalar 1. 3. Change the settings in the Properties window. Scalar 1: Contour Style – Smooth Filled. b. Parts folder: Select Regions > wind_tunnel > Body, Symmetry and Wheels. c. Scalar Field: Function – Pressure. a.
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Running  Run the simulation until the stopping criterion is reached. 1. Arrange the residual plot and scalar scene so that both are visible. 2. Click on the Run button on the top of the toolbar: 3. Save simulation after the run has stopped.



The flow solution can be post processed further, this is covered in the next section.
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Summary and review  STAR-CCM+ workflow: • From CAD import to solution in one package. • • • • • •



Import geometry. Define boundary conditions. Generate mesh. Define physics. Setup analysis. Run case.



 The rest of the examples in this course give more



details on the various stages of the workflow.
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Summary and review  Where do you specify the standard mesh models required? • Under Geometry > Operations .  Where do you specify the physics models required? • Under Continua – Physics.  How do you specify a boundary as a velocity inlet? • Select the boundary and change the type in the properties window  Why do you create post processing before running the flow solution? • So you can monitor the solution while it is running.  Why do you separate the geometry setup from the regions? • So you gain a more flexible geometric setup and facilitate template simulation files.
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Summary - Shortcuts Copy / Paste. All features in STAR-CCM+ can be copied using…  the clipboard ,  Drag & Drop (see next page),  CTRL+C / CTRL+V hotkeys,  right click menu.
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Summary - Shortcuts Copy objects / properties. Click on the node that has been set up and, while still holding down the left mouse button, drag the mouse until the pointer hovers over the target node.



72



Summary - Shortcuts Dragging parts onto Scenes. Drag the boundary node into the Graphics window. A pop-up menu appears letting you choose which part displayer should receive the part.
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Summary - Shortcuts  Filtering is a quick and easy way to select specific parts or groups of parts. • String based filtering (case sensitive): Best used in conjunction with a naming convention.



•



Geometry parts predefined User Filters: Filters are defined in the Geometry folder and match on tags or meta data.
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Post Processing Understanding post processing objects Analysis examples
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Basics  Post processing can be prepared before or after a CFD solution is obtained.  Preparing the post processing before the start of the computation offers the



advantage of watching the solution develop.  STAR-CCM+ contains a full suite of powerful post processing tools, enabling: •



3D flow visualization. • Animation. • Graphing of data. • User defined calculations.  These tools can also be used to examine the imported geometry or the



generated mesh and judge convergence.
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What are Parts?  Historically two types of parts exist in STAR-CCM+. •



Geometry Parts (since version 5.02). • Model Parts. • Derived Parts.  Geometry Parts represent objects or collections of



objects as the input geometry for the meshing tools.  Model Parts represent the discretized portions of the geometry to be analyzed, on which physics models are applied.  Derived Parts can be used in the definition of analysis reports and for visualizing solution data in scalar and vector scenes. •



Are essentially portions of model parts.
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What are Parts?  Whenever you are asked for Parts in Displayers, Reports or Plots it primarily



means „Tell me on which pieces of your geometry you want to visualize the solution“. •



These pieces are Model Parts or Derived Parts, because only these contain the mesh and therefore solution information.



 In Displayers you can also use Geometry Parts to visualize the geometry. • Search the User Guide with „Concepts Parts“ for more information.
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Scene Explorer  Scenes are the basic building block



for 3D visualization.  Scenes and their properties are stored under the Scenes node in the object tree.  The properties for the currently active scene can be viewed in the scene explorer panel.  This panel should be used when editing scenes to make sure the correct scene is updated!
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What is a Scene? A scene encapsulates a complete representation of components required to compose an image or animation. It includes lights, cameras, actors, properties, transformations and geometry. What are the predefined types of scenes?  Geometry scene.  Mesh scene.  Scalar scene.  Vector scene.  Empty scene.
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What is a Displayer? It is an entity created for post processing. It is the basic building block of a scene.  Displayers provide a flexible way of



controlling graphics entities in a scene.  Each displayer contains parts: the way the parts are displayed is specified by the properties of the displayer. What are the types of displayers available?  Geometry displayer.  Scalar displayer.  Vector displayer.  Streamline displayer.



81



What are Scene Types? A scene type is a set of displayers already added to an empty scene to simplify the creation process. Why using an Empty Scene?  On creation of other scene types all geometry is added to the Outline 1 displayer by default.  Focusing on a small number of geometrical items is more effective for very large cases. A Scalar Scene contains:  Geometry displayer Outline 1 shows the outline.  Scalar displayer Scalar 1 to visualize any scalar function.
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What is a Derived Part? It is an entity created for post processing. •



Right-click on Derived Parts folder > New to create a Derived Part.



 Derived parts allow you to extract and plot data within the domain.  Derived parts, once created, can be used in any scene.  You can create a derived part of a derived part!



What are the types of derived parts available?  Presentation grid.  Cell surface.  Cylinder / sphere section.



 Separation/attachment line.



 Isosurface.



 Streamline (constrained).



 Line probe.



 Threshold.



 Plane section (constrained).  Vortex Core.  Point probe.



 Warp (Vector / Scalar). 83



What is a Report? It is a computed summary of data – one value for each report. •



Search the User Guide with “Reporting Results” for more information.



Reports can be monitored throughout a simulation or run after the simulation has finished.



What are the types of reports available?  System report e.g. CPU time.



 Statistical report e.g. Area averaged



Scalar, max value.  Specific reports e.g. Mass flow, Force



coefficients.
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What is a Monitor? A monitor provide a mechanism for sampling summary information from the simulation during runtime. •



Search the User Guide with “Monitoring Solution” for more information.



What are the types of monitors available?  Residual monitors (created automatically).  Report-based monitors. •



Judge convergence.



•



Use as additional stopping criterion.



 Field function monitors. •



Mean values etc.
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What is a Plot? It is a graphical plot of data. •



Search the User Guide with “Plotting Results” for more information.



What are the types of plots available?  X-Y plot.  Monitor plot.
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What are Annotations? Annotations add information to a scene.  Search the User Guide with “Using



Annotations” for more information.



Which types of annotations are available?  E.g. iteration number.  Company logo.



 Background image.  Reports.  Plot Images.
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How to store a view?  When a scene is displaying an interesting view you can save it by clicking the



View icon and Store Current View.  View it again with clicking on the View icon and Restore View.  The created views are all stored at Tools > Views.  Views can be defined in local coordinate systems. •



Simplified focus on particular objects, e.g. view normal to a heat exchangers. • Track moving objects, monitoring a rotor blade, following a vessel.
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What are Transforms? Transforms define where and how displayers visualize parts.  Visualization of half or sector simulations as a complete model. • Automatic creation of transforms for symmetry boundaries and periodic interfaces.  Visualization of several quantities within one scene. • Flow field and temperature distribution.
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WORKSHOP: Post Processing Car in a wind tunnel
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Workshop – Car in a wind tunnel (cont.) Objective  The finished file from the previous workshop is used to show several post processing techniques including contour plots, XY plots, creation of section planes and streamlines.



•



Question: How many displayers are used in the left picture?
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Creating a Scene  We compose a similar scene like the one on the previous slide. • Already you know that three displayers are needed in order to get the gray ground boundary, the colored car and the streamlines. • The automatically defined transform is used in order to view the whole model. • A streamline derived part has to be created. 1.



Open the previous simulation. File > Load Simulation... b. Or use toolbar button a.



2.



Create a new scalar scene. Right click on Scenes > New Scene > Scalar. b. Or use toolbar button a.



 Two displayers exist as default in Scalar Scene 2. • Outline 1: Is ignored here. • Scalar 1: Used to display pressure on the car's surface.
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Adding a Displayer  Instead of changing the properties of the outline displayer to visualize the bottom



boundary we make it invisible and add a new geometry displayer. Go to the scene/plot panel. 2. Right click on Displayers and select Outline 1 > Toggle Visibility. 3. Right click Displayers and select New Displayer > Geometry. 1.
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Geometry Displayer – properties and parts  Change the properties of the displayer and add the floor boundary as part. 1. Click on Displayers > Geometry 1. 2. In the Properties window deselect Outline and select Surface. 3. Right click Geometry 1 > Parts > Edit... 4. Select Regions > wind_tunnel > Floor and click OK.
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Scalar Displayer – parts and scalars  Add the car's boundaries as parts to the scalar displayer and choose a smooth



contour style to visualize pressure as the scalar value. Right click Scalar 1 > Parts > Edit... 2. Select Regions > wind_tunnel > Body and Wheels. 3. In the properties window of Scalar Field choose Pressure from the list. 4. In the properties window of displayer Scalar 1 choose Contour Style: Smooth Filled. 1.



96



Scalar Displayer – properties  Still only half of the model is visible. To create a whole view of both the floor and



the car the Expert property Transform is changed in the two displayers. CTRL select both displayers Geometry 1 and Scalar 1. 2. In the properties window select Transform: Symmetry 1. 1.
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Streamline Displayer Resulting view:  Next is adding a streamline to its own



displayer. •



A streamline is a derived part, since it cannot exist of its own but depends on a flow variable such as velocity.



 The streamlines in the introductory



picture start from several separated points rather than a part.
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Creating a Derived Part – streamline  We create a streamline displayer only for the first streamline, the others are



created without any displayer and added later to the existing displayer. Go to the simulation tree. 2. Right click Derived Parts > New Part > Streamline... 1.



 The Input Parts and Vector Field are already selected. • wind_tunnel and Velocity.
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Creating a Derived Part – streamline  Start with a line seed along the side



of the car. Seed Mode: Line Seed. 2. Activate the Display Tool and move the spheres at the ends of the line in the scene as you wish. 1.



Point 1



Point 2



X



-0.51



-0.45



Y



-0.64



-1.26



Z



1.24



2.69



Display: New Streamline Displayer. 4. Click Create. 3.



 Keep the dialog open.
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Creating a Derived Part – streamline  Continue with a point seed in front of



the car near the inlet. 1. 2. 3. 4. 5.



6.



Seed Mode: Point Seed. Seed Radius: 0.01 m. Number of Points: 1. Activate the Display Tool and move the point in the scene as you wish. Display: No Displayer. Click Create and Close. Point 1 X



-0.808



Y



-1.543



Z



4.543
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Streamline Displayer – parts and properties  Place the second streamline in the same streamline displayer as the first one. 1. Drag & Drop Derived Parts > streamline 2 in Scalar Scene 2. 2. Release the left mouse button and choose Add to Streamline Stream 1.



Go to the scene/plot panel of Scalar Scene 2 and in the expert properties of the Streamline Stream 1 displayer select Symmetry 1 for Transform. 4. Choose Velocity Magnitude as Scalar Field in the streamline displayer. 3.
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Vector Scene creation  For the vector scene again an outline displayer is already there, this time we use



it to show the car's surface.  The scene contains a vector displayer in lieu of the scalar displayer.  Also the most likely vector field is chosen: Velocity.  One thing left to do is select a part on which to visualize the velocity vectors. •



For this purpose we create a section plane.
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Vector Scene – properties and parts 1.



Create a new vector scene. Right click on Scenes > New Scene > Vector. b. Or use toolbar button a.



2.



In the scene/plot panel of the active scene Vector Scene 1 the outline displayer is adapted in terms of properties and parts. Click on Displayers > Outline 1. b. In the Properties window deselect Outline and select Surface. c. Right click Outline 1 > Parts > Edit... d. Press Clear Selection. e. Select Regions > wind_tunnel > Body and Wheels. a. End selection with OK. a.
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Creating a Derived Part – section plane  When a scene is open a derived part can interactively be modified. 1. Right click Derived Parts > New Part > Section > Plane...



normal: [0 , 1 , 0]. 3. Move the plane in the scene as you wish. 4. Display: Existing Displayer > Vector 1. 5. Create and Close. 2.
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Vector Displayer – properties  Similar to the Filled contour style in a scalar displayer, a vector for each cell is



displayed. •



Can lead to a rather dense pattern in finer portions of the mesh.



 To distribute vectors more regularly the Glyph settings of the displayer need to



be modified. •



Here the spacing of the vectors, their scaling and length as well as their style is defined.



1.



In the properties window of: Glyph. b. Set Vector Spacing: Uniform Screen. a.



2.



In the properties window of: Glyph > Uniform Spacing. b. Set N Grid Points: [40 , 40]. a.
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Creating a User Field Function  Just for fun we want to compute the Mach number (U/c) ourselves and compare



it with the internal Mach Number. Note: The internal Mach Number is only available when the energy equation is solved.  For that purpose create a field function and use the speed of sound for our fluid



material (Air at 300 K). •



In the physics continuum we find that the fluid is air with a density of 1.18415 kg/m3. • The corresponding speed of sound is 346 m/s.  Create the field function and set the definition for



the Mach Number. Right click Tools > Field Functions > New. 2. Rename to My Mach Number. 3. In the properties window set. 1.



Function Name: myMachNumber. b. Definition: mag($$Velocity)/346. a.
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Applying a User Field Function  This field function can now be used anywhere, e.g. in a scalar displayer. 1. Open Scalar Scene 1. 2. Right click on the color bar in the scene and change the function to My Mach Number.
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User exercise: Compare Mach Numbers  Compare the value with the internally computed Mach Number. • For example, create two scenes, make annotations of it and put it in an empty scene. • Or use the Model Window to half the visible width in one scalar scene and add the scene annotation of the other scene.
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Mesh generation in STAR-CCM+ Surface meshing
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Meshing workflow User exercise:  Import surface from CAD. •



Direct CAD format import requires additional license.



 Prepare surface for meshing. • Ensure a closed surface. • Manual repair or surface wrapper.  Generate surface mesh. • Triangulated surface suitable for volume meshing.  Generate volume mesh.  Check mesh quality. • Internal mesh diagnostics.
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Surface preparation



Why do surfaces need to be prepared?  Imported CAD has too many details.  Possible surface errors are: •



Volume is not closed. • Surfaces overlay each other. • Surfaces intersect each other. • Volume is not manifold.
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Surface error definitions



An edge belonging to a face pierces a different face at any location.



A measure of how perfect a face is, with a perfect face being equilateral in shape.



The ratio of the distance to the nearest neighbor face proportionate to the size of the face.



Quality = At/Ai



Close proximity faces



Self-intersecting faces An edge of a face that is not joined to another face.



An edge that is shared by three or more faces. Interior surface



Free edges



Nonmanifold edge



A vertex that is the sole join between one surface and another. Non-manifold vertex



Exterior surface
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Surface preparation – manual surface repair



What type of surface problems can be repaired manually?  Free edges. •



Zip edges or fill holes with new triangles.



 Intersecting surfaces. • Intersect, then delete surfaces.  Imprint surfaces and edges onto target surfaces/bodies. • Hierarchical imprint specifies order in manipulating surfaces.  Surfaces can be split and combined to create required boundaries.
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Surface preparation – overview Surfaces can be (p)repaired using the surface repair panel:  For preparing imported surfaces the Repair Surface… tool is started for selected parts. •



In the Surface Preparation Options dialog select the part(s). • Choose the errors to be found in the Surface Diagnostics section of the edit panel.
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Surface preparation – overview  For repairing remaining surface



errors in any step of the surface meshing pipeline the tool can be activated at the respective nodes under Parts / Descriptions / Representations.
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Surface preparation – overview



Mode selection at the top



Summary of the surface problems. Browse through problems. Fit the view with the new problem. Display the original surface. Modify selected entities.



General functionality that is available in every mode.



Show/Hide elements
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Surface preparation – overview Additional modes can be used to work on the surface.
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Surface preparation – overview More modes.
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Surface preparation – surface wrapping



The Surface Wrapper provides the user with a “closed”, “manifold”, “nonintersecting” surface, starting from a poor quality or too complex CAD surface. Problems commonly fixable by surface wrapping:  Multiple intersecting parts.  Surface mismatches.  Double surfaces.  Overly complex details. The surface wrapper should be used when manual repair would be time consuming.
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Surface preparation – surface wrapping



Import



Wrapped Surface
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Surface preparation – remeshing  The surface remesher is used to re-triangulate an existing



surface in order to improve the overall quality of the surface and optimize it for the volume mesh models.  Localized refinement based on surfaces / boundaries can also be included.  The surface remesher is used for remeshing surfaces produced either by the surface wrapper or directly from CAD import.  The surface remesher should always be used before volume meshing takes place.
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Surface preparation – remeshing



 The input values used for the surface remesher can be adjusted on different



levels.  Parts based meshing: •



Mesh Operation / Default Controls: For all Parts. • Mesh Operation / Custom Controls: For specified Parts, Surfaces, Curves.  Region based meshing: • Mesh Continuum / Reference Values. • Region. • Boundary. • Feature Curve. • Interface.



 Surface remesher volumetric controls can also be included to further optimize



the resulting surface triangulation.
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WORKSHOP: Surface Cleanup Import surface Checking surface for errors Use of manual repair and auto-repair
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Surface cleanup – when to use?



Import



Manual Fix



Auto Fix



• Import Surface • Check for errors



• Fix Free Edges • Fix Non-Manifolds



 Notes: •



The free edges and non-manifold errors have been manually introduced for the tutorial. • All pierced faces and poor quality / proximity errors in this problem can be resolved using the Auto Repair. However, for purpose of illustration, use of manual surface repair tool will be illustrated.



• Auto-repair remaining error
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Startup  Launch STAR-CCM+. 1. Open the simulation file SurfaceCleanup / surface_clean_start.sim. 2. Save the file under a different name. 3. Open Scene > Geometry Scene 1.
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Checking surface  Open the repair surface tool and check for all errors. 1. Right click Geometry > Parts > Repair Surface... 2. Click OK. 3. Under Surface Diagnostics press Manage Thresholds... 4. Check that all thresholds are selected and click OK.  The first three error types can be fixed using



Auto Repair.  The last three types of error need to be fixed manually.



128



Surface errors 1.



To locate the error click on the colored squares, for example select Free Edges by clicking on the highlighted green square.



2.



Click the Grow button thrice



.



129



Surface errors  To understand the problem, display



faces in the problem area only as shown: 1.



Click



to hide all faces.



2.



Click to show the selected faces in default coloring.



3.



Click and reset the view to obtain the final picture.



Final picture:
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Manual fixing Toggle on the Faces box under Selection Control to allow picking of faces. 2. Select the shown highlighted faces in the graphics window while pressing the CTRL button. 3. Delete faces . 1.
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Manual fixing 1.



Select edges shown by double clicking any edge in the free edges loop. ›



2.



Make sure that the Selection Control Edges box is toggled on.



Select Fill Holes



.
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Manual fixing  Free Edges and Non-manifold Vertices errors are fixed now.  The remaining errors in this surface can all be cleaned up using Auto



Repair .  However, for the purpose of illustrating more manual repair techniques, repair of two more areas will be performed.
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Manual fixing – pierced faces #2 Use the browse button to display the next error in the surface. 2. Click on > Restore View > View 1 to reorient the scene. 1.



‒



Presence of two edges more than faces indicates that the faces are collapsed.
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Manual fixing – pierced faces #2  Main task here is to fix the error while keeping the feature edges intact. 1. Activate only Faces under Selection Control. 2. Select and delete the four faces shown (pink).
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Manual fixing – pierced faces #2 Select the collapsed faces using the zone selection tool right-click. 2. Delete the two faces thereby selected . 1.



. End the selection with a
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Manual fixing – pierced faces #2  We create the first triangle individually to maintain the sharp feature edge. 1. Select the three vertices. Either click on them as shown. b. Or select two edges, and click onto a.



to get all vertices of the selected edges.



Have your Selection Control appropriately marked for either Vertices or Edges. 3. Create the triangle by clicking on the button . 2.
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Manual fixing – pierced faces #2 Select the edges defining the hole. 2. Press Fill Holes . 1.
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Manual fixing – pierced faces #2 Select edge. 2. Flag it as feature 1.



.
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Manual fixing – pierced faces #3 Use the browse button to move to the next error. 2. Click on the right arrow to display the next problem area. 1.



Pierced face is caused by bad triangulation and is resolved by collapsing vertices
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Manual fixing – pierced faces #3 Change view to > Restore View > View 2. 2. Activate edge selection. 3. Click on the edge highlighted below. 4. Collapse the two vertices at the end . 1.
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Auto repair  Use Auto Repair to fix the remaining



problems. Note: Auto repair can only be used to repair pierced faces, poor quality faces and proximity errors.
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Summary  Surface cleanup is typically used if import surface has few errors.  Free edges and non-manifolds are fixed using manual repair tools.



 Pierced faces, poor quality faces, and face proximity errors can be fixed using



Auto Repair.  Manual fixing techniques were shown.  Auto Repair was demonstrated.
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WORKSHOP: Surface Wrapper Motorbike Surface preparation
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Workshop: Motorbike surface wrap Objective  Outline surface wrapping basics and demonstrate the process with the Motorbike geometry.  A brief description of advanced features are given at the end. •



Leak Detection. • Gap Closure.
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Introduction What is Surface Wrapping?  Surface wrapping is a powerful procedure used for obtaining a closed connected surface, starting from a poor quality surface.  The concept is similar to taking a plastic wrap and wrapping it on a box or blowing up a balloon from the inside of the model.



Leak Detection



Automatic Gap Closure



Surface Wrapping Tools



Contact Prevention



Wrap Specification (Inside, Outside, seed point)



 Note: If careful attention is not



paid, it can result in loss of detail in geometry, e.g. specification of a large cell size in the grill of a car, can result in closing of the grill openings, resulting in no flow to the engine compartment.
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Introduction What surface preparation is recommended before I wrap a surface?  Fix large holes in surface. • Use Hole Filler. • Or use Leak Detection to track and fill.  Organize Boundaries. • Split Non-Contiguous. • Split Interactively. • Split By Patch (for native CAD or Neutral Data format). • Split By Feature Curves.
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Startup Launch STAR-CCM+ and resume the existing simulation file SurfaceWrapper / Motorbike_Start.sim. 2. Save the file under a new name. 3. Open Geometry Scene 1 and examine the geometry. 1.



‒



In this simulation, the surfaces have been organized, and the geometry displayer has been set to distinguish parts by color.
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Main steps  Check Surface.  Assign Parts to Regions.



 Setup Meshing Models.  Meshing Parameters.  Wrap.  Review Surface.  Tune Settings and Re-Wrap.



 Summary.  Notes on parameters used: • For a production run, a base size of 16 mm is suggested (here coarser). • For any external aerodynamics calculation, the number of points on a circle should be increased to 60 (from a default of 36). • Project to CAD setting is used by STAR-CCM+ only for native CAD or neutral format data. It is ignored in this case (since we started with a triangulated surface). 150



Check surface  Open the surface repair tool. 1. Right click Geometry > Parts > Bike > Repair Surface... 2. Click OK. 3. Manage Thresholds... Check that all thresholds are marked. b. Click OK. a.



Visually examine errors noting a large number exist. 5. Close the repair tool. 4.



 Since so many errors exist, we



use the Surface Wrapper.  If you know for sure that your surface has a lot of errors, and is made up of a large number of elements (e.g. more than 5 million shells), this step should be skipped. 151



Meshing models  Create a Surface Wrapper Operation. 1. Right click Geometry > Operations > New > Surface Wrapper. 2. Select all Parts. 3. OK. ‒ ‒ ‒



A new Mesh Operation is created under Operations and a new node under Parts. Both are named Surface Wrapper. The part node contains the resulting mesh.
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Meshing parameters  In order to get an idea of the dimensions and choose a sensible base size, we



measure the existing triangulation. Turn mesh display on . 2. Use the ruler to measure triangulation size 1.



approx. 27 mm.
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Volume of interest  Surface wrapping requires the



specification of volume of interest.  For external aero cases, the default value of Largest Internal works fine since the space between the wind tunnel surfaces and vehicle is indeed the largest internal volume. •



Search the User Guide with “Volume of Interest” for more information.
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Meshing parameters  Set the default mesh settings.



Go to Operations > Surface Wrapper. 2. Right click Default Controls > Edit… 3. Set values according to the table. 1.



Parameter



Value



Base Size



22 mm



Surface Size: Relative Minimum Size



50% Base



Surface Curvature: Basis Curvature



60 Pts on Circle



Important Default Values Surface Size: Relative Target Size



100% Base



Volume of Interest



Largest Internal



Feature Angle



30 deg
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Meshing parameters  For selected components we use



finer mesh sizes. Go to Operations > Surface Wrapper. 2. Right click Custom Controls > New > Surface Control. 3. Right click Surface Control > Edit… 4. Make the following settings: 1.



Part Surfaces: Front fairing, Mirrors, Exhaust, Front Forks. b. Controls: ‒ Target Surface Size: Specify Custom Values. ‒ Minimum Surface Size: Specify Custom Values. c. Values: ‒ Relative Target Size: 50%. ‒ Relative Minimum Size: Leave default at 10%. a.
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Meshing parameters  The surfaces of the exterior domain can be made fairly coarse.  Base size is chosen to fit with the vehicle’s dimensions therefore relative values



are above 100%. 1.



Duplicate the Surface Control twice. Go to Custom Controls. b. Right click Surface Control > Duplicate. a.



2.



Replace the Part Surfaces and the Target and Minimum Surface Size with the values from the table. Part Surfaces



Target in %



Minimum %



Inlet, Outlet, Sides, Top



1600



1600



Ground



400



100



Note: The ground plane requires more resolution compared to the other boundaries, since the boundary layer has to be resolved.
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Contact prevention  Contact prevention can be used for: • Keeping non-intersecting boundaries from touching each other. • Maintaining a crisp intersection between intersecting boundaries.  Here we define a contact prevention between the ground plane and tires to keep



them separated if they are more than 6 mm apart. 1. 2. 3. 4. 5.



Go to Operations > Surface Wrapper. Right click Contact Prevention > New > One Group Contact Prevention Set. Rename as Ground and Tires. Select Ground, Tire Front and Tire Rear as Surfaces. Minimum Size: 6 mm.
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Generate mesh  Generate the wrapped surface. • Should take about 2.5 minutes on a 3 GHz laptop with 8 GB of RAM.



Right click Operations > Surface Wrapper > Execute. 2. Create a new Mesh Scene. 3. Deselect in Parts: 1.



Part Bike. b. Outer surfaces of Surface Wrapper. a.



4.



Set Color Mode to Distinguish Parts.
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Suggestions for improvement  Some areas can be improved in using contact preventions or a finer mesh size.
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Improvements User Exercise:  New wrapped surface mesh after making the following changes: •



Contact Prevention between Tire Front, Front fairing and Front Forks with floor of 3 mm. • Contact Prevention between Swing Arm and Tire Rear with floor 1 mm.
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Surface Remesher  When the surface wrapper is used, it should always be followed by the remesher



to improve triangulation quality and therefore increase the volume mesh quality. Right click Geometry > Operations > New > Automated Mesh. 2. In the new window select: 1.



Parts > Surface Wrapper. b. Surface Remesher. c. Automatic Surface Repair. a.



3.



Default Controls: Drag&Drop the Default Controls folder from the Surface Wrapper onto the Default Control folder of the Automated Mesh. b. Change the Base Size to 24 mm. a.



4.



Custom Controls: Drag&Drop the three surface controls from the Surface Wrapper here. b. Assign surfaces from the Surface Wrapper part accordingly. a.



5.



Right click Automated Mesh > Execute.
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Summary  Basics of surface wrapping were outlined.  Surface preparation for surface wrapping includes filling large holes and



performing boundary organization.  Appropriate volume of interest for the problem should be specified.  After completion of the wrap, the wrapped surface should be reviewed for overall quality.  Next the following two topics are briefly discussed. • Using leak detection. • Using gap closure.
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Leak detection and gap closure  The leak detection tool accounts for the current wrapper settings and



determines if any gaps in the surface would be closed based on the supplied settings. •



No leak: Specified sizes are sufficient to close any holes or leaks. • Leak: Reports the leak path through the hole. ‒ ‒



Fix it manually. Alternatively, the wrapper settings, in particular the gap closure size, can be modified so that the wrapper can automatically close the hole itself.



 The gap closure size parameter controls whether gaps in the import surface



are closed or not during the surface wrapping process.
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Leak detection  STAR-CCM+ provides a tool for visually detecting leaks in a given geometry.



The procedure for using leak detection consists of the following steps:



6.



Create a Surface Wrapper operation. Set Default Controls for meshing. Open a geometry scene with the geometry parts and Run Leak Detection with right click on Surface Wrapper. Specify Target and Source points. Compute the paths. Fix any holes, and re-calculate leaks.



•



Settings used here are:



1. 2. 3.



4.



5.



‒ ‒ ‒ ‒ ‒



Base Size: 0.01 m. Minimum Size: 40%. Target Size: 50%. Gap Closure Size: 80%. Smallest Wrapping Volume: 0.0031 m^3. 165



Leak detection  Specify a source point within the geometry and a target point outside the



geometry.
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Leak detection  To initiate the process, select Recompute Template + Paths.  If there are multiple leaks, the Recompute Paths option



can be used till all leaks are detected for this combination of source and target points.  To visualize only the faces around the hole use Select Faces Close to Leak Path.
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Leak closure  In mode Repair Surface the hole can be patched up immediately.
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Gap closure  The Gap Closure Size defines the limit up to which gaps within a boundary are



closed. •



The gap closure size must be larger than the actual hole size and larger than the local target size or is otherwise neglected. • For gaps between boundaries the larger of these two sizes is chosen to reduce refinement requirements. • The wrapper searches for all volumes with the specified size and starts wrapping from the inside out. • Anywhere two separate volumes meet is a cap closure face.  Gap closure works in conjunction with the Smallest Wrapping Volume. • Only surfaces enclosing a volume larger than the specified volume participate in the gap closure calculation. •



Example on the next slides:
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Gap closure – Example  The leak in this example has a diameter of ~0.014 – 0.027 m and cannot be



closed with a local size between 0.005 – 0.0071 m. •



Increasing the target size would close this hole too, but for the sake of demonstration gap closure is used. • Baffle faces may indicate a leak in the wrap.



0.014 (m) 0.027 (m)



0.0071 (m)
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Gap closure – Example  Gap closure works with a gap



closure size of 0.008 m and a smallest wrapping volume of 0 m^3. •



Gap closure size is greater than the biggest local target size. • The volume of the pipe is larger than the specified volume.  Gap closure fails with the same



size and a smallest wrapping volume of 0.004 m^3. •



The approx. volume of the pipe is 0.003 m^3, therefore smaller than the specified volume. • Gap closure fails with any value greater than 0.0031 m^3.
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Gap closure  The main steps in using gap closure are (default values are shown): 1. Activate Gap Closure in operation's Surface Wrapper model properties. 2. Specify a Gap Closure Size (Holes smaller than this size are closed). 3. Specifying Smallest Wrapping Volume for the part.
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Mesh generation in STAR-CCM+ Interfaces Mesh Operations Volume meshing Exercise
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Geometry preparation  In the previous examples we had only one region and no further



geometry preparation was necessary.  Usually one needs to split and organize the geometry in different parts and surfaces.  After assigning these parts and surfaces to regions and boundaries the regions must be connected with each other through interfaces.  Several options to organize the geometry parts exist:



Splitting



Combining



Boolean operations



Boolean operations



Mesh operations



Combine



Split by Surface Topology Split Non-Contiguous
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Mesh operation  Mesh operations can be used as a dynamic equivalent to the



existing Boolean operations like: •



Unite. • Intersect. • Subtract. • Imprint.  Two additional operations with topological character exist. • Extract Volume. • Fill Holes.  Major advantage of all mesh operations: • Integration into the meshing pipeline. • Manual "execute" functionality to update the outcome of the operation whenever the input parts have been changed.  After every step an inspection of the result is possible.
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Mesh operation  Comparison of Split by Surface Topology and Mesh Operation.  The table refers to a geometry with a fluid and a solid part.



Split By Surface Topology



Mesh Operation > Extract Volume



Creates two new parts (solid / fluid), original is deleted.



Creates one new part (fluid) and retains the original (solid).



Both parts can be further manipulated.



Resulting parts are not intended to be modified. Changes in the source part may be recognized and force a reexecuting of the operation.



Not suitable in a pipeline.



Suitable in an automation pipeline.



Create Contacts to neighboring parts.
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Interfaces in STAR-CCM+



 Regions are separate entities in terms of physics and mesh setup.



 Regions in STAR-CCM+ are connected via interfaces.  The mesh does not need to be conformal.  Interfaces are created between



boundaries.  The properties of the interface are stored under the Interfaces node in the tree.
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Interfaces in STAR-CCM+  Several types of interfaces exist with their own physical properties set at the interfaces node. •



Unmatched faces take the properties of the 'parent' boundary.



 Two special interfaces are created between regions. • Heat Exchanger interface. • Overset Mesh interface.



 Conformal meshes at interfaces are created ... … if one mesh continuum or automated mesh is used for adjacent regions. … if the Embedded Thin Mesher is used for a thin region surrounded by fluid. … at periodic interfaces.  Non-conformal meshes at interfaces are created ... … if the Trimmer Mesher is used. … if per-region meshing is active.
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Interfaces in STAR-CCM+  Interfaces can have one of the four topologies and eight types: Topology



Fluid only



Solid involved



In-place



Fluid-Fluid • Internal • Baffle • Porous Baffle • Fan • Fully-Developed



Fluid-Solid • Contact



• Mixing Plane



• Mapped Contact



Periodic Repeating Indirect



Solid-Solid • Contact • Internal



Types Color



No color



Internal



Mixing Plane



Contact



Mapped Contact



Baffle



Remainder boundaries



Flow



In-place interfaces



Translational periodic



Fan Fully-Developed Porous Baffle 181



Interfaces in STAR-CCM+  Before initialization interfaces are not



 After initialization



connected.  All faces stored in original boundaries.



interfaces are connected.  All connected faces stored under interface node.



9623



9623
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Interfaces in STAR-CCM+ If the mesh is not conformal the intersection tolerance may need to be increased.



 Plot interfaces and check for grey (unmatched) faces.  Reset the interface.  Increase the intersection tolerance.  Reinitialize the interface explicitly or during solution initialization.  For more information, search the Help manual on: • Working with Interfaces. • Adjusting the Interface Intersection Tolerance.
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Volume meshing



The cause for a bad volume mesh very often is a bad surface mesh.  As it has a direct influence on the quality of the resulting volume mesh, the



generation of the surface mesh should be considered carefully.  The more care you take during the preparation of your surface mesh, the better quality has the resulting volume mesh.  The surface repair tool can be used to check the quality of the remeshed surface before volume meshing.
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Volume meshing – types of volume mesh



Delaunay based method is used to construct the mesh, which iteratively inserts points into the domain. The starting quality of the surface must be good in order to ensure a good quality volume mesh.



Tetrahedral Mesh
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Volume meshing – types of volume mesh



Dualization scheme used based on an underlying tetrahedral mesh which is automatically created as part of the process. The polyhedral cells created typically have an average of 14 cell faces.



Polyhedral Mesh
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Volume meshing – types of volume mesh



Utilizes a template mesh constructed from hexahedral cells from which it cuts or trims the core mesh based on the starting surface.



Trimmed Mesh
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Volume meshing – choosing a suitable mesh General purpose meshes.  Tetrahedral meshes. •



Very dissipative. • Convergence can be slow.  Polyhedral meshes. • More accurate than tetrahedral meshes. • Faster convergence than tetrahedral meshes. • Give a conformal mesh at the interface between separate regions.  Trimmed cell meshes. • Require less memory to generate than polyhedral mesh. • Do not give conformal mesh at the interface between separate regions.
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Volume meshing – choosing a suitable mesh Specialized (2.5D) Meshers. • • • • • •







Prism Layer Mesher. Extruder. Thin Mesher. Generalized Cylinder Mesher. Advancing Layer Mesher. Directed Mesher.



2.5D meshing is a synthetic definition of those meshing techniques that exploit the fact that certain special geometries have a general mesh in 2 dimensions while in the 3rd dimension the mesh has some form of simplification: •



Extruded in a predetermined direction.



•



Extruded along the local normal direction.



•



Swept along a 3D curve as axis.
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Volume meshing – prism layer model What is a prism layer mesh?  A prism layer mesh is composed of orthogonal prismatic cells grown next to the wall boundaries in the volume mesh.  These cells are required to accurately simulate the turbulence and heat transfer close to the walls.  The thickness, number of layers and distribution of the prism layer mesh is determined primarily by the turbulence model used.  The properties of the prism layer mesher can be specified by the user.  The input values for the prism layer mesher model can be set on different levels depending on the selected volume mesher. •



Pbm: Default Control, Part Control, Surface Control, Volumetric Control. • Rbm: Continuum, Region, Boundary, Volumetric Control.
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Volume meshing – prism layer model



 Prior to the core mesh being created, a subsurface is generated at the specified



prism layer thickness values.  After the core mesh is generated, the subsurface layer is projected back to the wall and the prism layer cells are generated.  Only at Wall boundary types prism layer are generated.
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Volume meshing – extruder model What is the extruder?  The extruder is an addition to the volume mesh.  It allows the mesh to be extruded from any boundary.



192



Volume meshing – extruder model  What are the options available for extrusion type? • Constant Rate. • Constant Rate Normal. • Hyperbolic Tangent.  What parameters are applied for extrusion at boundary level? • Number of extrusion layers. • Extrusion Stretching. • Extrusion Magnitude.
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Volume meshing – thin mesher What is the thin mesher?  It is a meshing model that produces a prismatic type volume mesh in thin regions (e.g. solid walls, heat shields etc). This has two benefits: •



Better Cell Quality (and hence better convergence) in CHT problems. • Lower Cell Count.
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Generalized Cylinder What is the generalized cylinder mesher?  Generates an extruded mesh in regions that can be characterized as generalized cylinders.  Automatic detection of such regions is included.  Solves such geometries more efficiently by using cells that are oriented to the direction of the fluid flow.
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Volume meshing – advancing layer mesher What is the advancing layer mesher?  The advancing layer produces prismatic cell layers near wall boundaries.  The resulting mesh is also called body fitted.  Extruding the cells from the surface into the region volume allows for a thicker layer with a more uniform distribution than the prism layer mesher.  Settings are essentially the same as for the prism layer mesher.
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Volume meshing – directed mesher What is the directed mesher?  The directed meshing tool set creates a structured volume mesh for a particular range of CAD based geometries.  An existing mesh or a patch mesh is extruded / swept through the domain.
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Volume meshing – volumetric control



 A volumetric control allows you to refine or coarsen the mesh density for a



surface and/or volume mesh, based on a volume shape.  The volumes used for a volumetric control can overlap and extend outside the region boundary and are defined by: •



Geometry Parts: Geometry > Parts. • Volume Shapes: Tools > Volume Shapes.
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Volume meshing – volumetric control Volumetric controls can be used on all mesh types.
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Motivation: Parts based meshing Why is PBM introduced in STAR-CCM+?  Improved ease of use. • CAD aware meshing processes. • Simplified simulation tree through reduced entity count.  Greater control. • Extended and flexible mesh capabilities with simple setup. • Surfaces and boundaries can be organized separately following different meshing and physics requirements.  Full automation and reduced turnaround time. • Replay sophisticated sequences of operations. • Remesh only parts that are modified or replace.
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Parts based meshing – Region based meshing  The names of the base values differ slightly for PBM and RBM.



 On the following slides the names refer to PBM.  The corresponding names for global mesh parameters for RBM are listed in the table below. PBM



RBM



Default Controls



Reference Values



Mesh Density



Tet/Poly Density



--



Tet/Poly Volume Blending



Volume Growth Rate



Template Growth Rate



Prism Layer Total Thickness



Prism Layer Thickness
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Default Controls What is the base size? A characteristic size used in mesh generation. All other values can be set relative to this size. Target size = desired edge length. What do we mean by min / max size? When proximity / curvature refinements are turned on, these processes are controlled through the lower and upper bounds of the surface cell size.
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Default Controls Volume mesh settings: Mesh Density or Volume Growth Rate. Controls the rate at which mesh density changes.



Tetrahedral and Polyhedral Mesh Trimmer Mesh



Prism layer controls: Thickness, number of prism layers and stretching ratio can all be specified.  Search the User Guide with “Mesher



Controls” for more information.
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Custom Controls  Refinement for surfaces or boundaries can be specified. •



When using PBM: ‒ ‒ ‒



Define a custom control. Add all affected surfaces. Specify controls and values.



•



When using RBM: ‒



‒



Edit each boundary (separately or using multi-edit). Specify mesh conditions and mesh values.
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Parts based meshing – Custom Controls  Default controls for PBM can be



specified at the following places: Automated Mesh / Default Controls. 2. Automated Mesh / Custom Controls. 1.



Part. b. Surface c. Curve. a.



 When custom mesh conditions are



used the values are stored in the local Mesh Values folder.  Custom settings override those given in the default control.
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Parts based meshing – Custom Controls  Reference values for RBM can be



specified at the following places: 1. 2. 3. 4. 5.



Mesh Continuum / Reference Values. Regions. Boundaries. Feature Curves. Interfaces.



 When local mesh conditions are used



the values are stored in the local Mesh Values folder.  Local settings override those given at the continuum level.
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Pipeline meshing Pipeline meshing allows you to:  Change geometry, mesh type, refinements, location/number of prism layers, etc.  Automatically update the mesh and map the old solution.  Rapidly evaluate multiple designs. Polyhedral Mesher



Wrapper



Remesher



Surface Preparation / Meshing



Trim Cell Mesher



Prism Layer



Volume Mesh Generation
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Pipeline meshing



 This example shows the baseline of a car without mirror, which is then remeshed with the mirror.  Note: If solution exists, the solution is automatically mapped as part of the process.
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Cell quality metrics For a volume mesh generated in STAR-CCM+, the following are the standard metrics: Face Validity – Area weighted measure of the correctness of the face normals relative to their attached cell centroid. For a good quality cell, the face normals point away from the attached cell centroid. For a cell with poor face validity, one or more face normals point towards the cell centroid. Values below 1 mean that some portion of the face attached to the cell are not pointing away from the centroid (implying concavity). Values below 0.5 indicate a negative volume cell.



Cell Quality – This metric defines the quality of the cell based on the finite volume approximation of the gradient at the cell centroid. A cell with a quality of 1.0 is considered perfect (e.g. perfect hex or tet). As the cell quality approaches zero, the cell becomes degenerate. Depending on the physics selected, the quality of the cell could be as low as 1.0e-6 and run without problems. Volume Change – This metric describes the ratio of a cells volume to the volume of its largest neighbor. A value of 1.0 indicates a cell has a volume equal to or higher than its neighbors. As the cell volume decreases relative to its neighbors (e.g. a sliver or flat cell), then the volume change metric can be used to flag the cell. Large jumps in volume from cell to cell cause instability in the solver. Cells with a value of Volume change of 1.0e-3 or less should be considered suspect and investigated.
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Viewing poor quality cells  You can create a threshold to visualize the poor quality cells: 1. Open a scene displaying your geometry. 2. Right click Derived Parts > New Part > Threshold. 3. In Input Parts, select the domains that you want to check. 4. In Scalar, select Cell Quality.
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How to resolve problems? Set the Extraction Mode as All Below and the Threshold to 0.1. 6. Create a new geometry displayer. 5.



 A perfect cell has a quality of 1



whereas a degenerate cell has a quality approaching 0.  A poor cell quality is likely to affect both the robustness and accuracy of the solution.
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How to resolve problems?



 Once any poor quality cells have been found you can alter the mesh to remove



them. •



Remesh the case using different settings. ‒



•



E.g. local mesh refinements.



Remove the cells using Remove Invalid Cells. ‒



Right click Region > Remove Invalid cells.



 Suggested values are: • • •



0.93 to 0.95 for face validity. 1e-6 to 1e-9 for Min cell quality. 1e-3 to 1e-4 for Min volume change.
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Invalid cell removal  STAR-CCM+ displays the number of cells that are removed.



 To have minimal effect on the solution, symmetry plane boundaries are applied



on the removed cell internal faces.  If cells are removed in this manner, the mesh cannot be exported.
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Summary



 STAR-CCM+ includes an automatic, unstructured mesh generation capability.



 All mesh parameters can be specified by the user.  Surface repair can be done automatically via the surface wrapper, or manually



by the user.  Prism layers and extruded meshes can be created.  The mesh pipeline allows rapid evaluation of multiple designs using the same mesh parameters.  Mesh quality metrics can be checked. Poor quality cells can be visualized and removed from the mesh.
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WORKSHOP: Volume Meshing Exhaust Manifold Simulation of compressible flow with Conjugate Heat Transfer (CHT) (Simulation of one runner firing)



215



Workshop – Motivation  Imported CAD geometries often contain only the solid part from which you need



to extract the fluid side.  In this workshop the extraction of the fluid volume is demonstrated and a Conjugate Heat Transfer (CHT) simulation is set up.
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Workshop – Exhaust Manifold  The main steps in this workshop are: • Topology Setup – Introduction to interfaces between regions. • Meshing Setup, Generation and Review. • Physics Setup. • Boundary Conditions. • Runtime Controls. • Post Processing. • Run Analysis. • Review & Summary.
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Prepare surface What Surface Preparation is required?



Surface Repair Tool.  Defining inlet and outlet surfaces for fluid domain.  Boundary organization.  Part curves to enhance geometry match in the final volume mesh. •



Most operations in the surface repair tool can be undone.



 Geometry options. • Create two geometry parts from the surface using Split by Surface Topology.
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Start Create a new simulation. 2. File > Import > Import Surface Mesh. 3. Browse to the file VolumeMeshing/ exhaust.dbs. 4. Stick with the default to Create new Part. 1.



 Note that the surface only describes the solid wall as a single surface



Boundary 1 in the imported part.
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Prepare surface  Split the inner surface from the rest of the faces. 1. Select Geometry > Parts > exhaust node. 2. Choose Repair Surface… from the context menu. 3. Press T on the keyboard twice to get the view below and click on some cells in the interior of the manifold.
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Prepare surface Click on to grow the selection to the complete interior by setting Break at Sharp Angles to 80 deg. 5. Use the Part Surface/Part Curve Edit panel to assign these faces to a new boundary. 4.



Check that Target Part Surface is selected. b. Click New to specify the surface name interface. c. Then click Modify to actually assign the faces to it. a.



6.



Change to display the interface surface only. a.



Click on



to hide all faces.



b.



While the interface faces are still selected click on



.
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Filling holes  Now do seal off the manifold ends: 1. Switch to the Repair Features mode. 2. Click on to mark the perimeter curves of the endings. Mark patch perimeters, unselect others. b. Selected set only. a.



Switch back to the Repair Surface Mesh mode. 4. Click on next to the number of selected faces so that only edges are selected. 5. To fill the holes click on . 6. Assign the new faces to a new part surface as before, this simplifies splitting them later. 3.



Go to Part Surface/Part Curve Edit. b. Check that Target Part Surface is selected. c. Click New to specify the surface name endings. d. Then click Modify to actually assign the faces to it. a.
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Mark features Switch back to the Repair Features mode. 2. Click to show the complete model. 3. Use for part curve detection as shown. 1.



Mark sharp edges, Sharp edge angle: 31. b. Active model. a.



4. 5. 6. 7. 8. 9.



In Selection Control, only have Edges on. Change the zone selection mode to subset as shown. Zone select the edge subset in the marked area. Unflag these edges by clicking . Close the surface repair tool. Save the model.



Motive: Improve mesh quality in this region by removing these feature edges.
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Rename surfaces  Split the endings surface using Split Non-Contiguous. 1. Go to Geometry > Parts > exhaust > Surfaces. 2. Right click on endings and select Split Non-Contiguous. 3. Make sure that all parts are shown in the scene. 4. Right click on the separate surfaces in the scene and rename them as shown. 5. Rename the outer surface into Manifold Wall. 6. Save the model.



224



Region creation  If there are no surface errors other than non-manifold edges at the fluid/solid



interface, then Split By Surface Topology separates the parts. Right click on Parts > exhaust and select Split by Surface Topology. 2. Rename the two resulting parts into Solid and Gas. 1.



›



Observe that contacts are created between the parts, they represent the later interfaces between the regions.



 Transfer parts to the region level for mesh and physics setup. 1. Select both parts and right click Assign Parts to Regions. One region per part. b. One boundary per part surface. c. One feature curve for all part curves. d. Activate Create Interfaces from Contacts? e. Create Regions. f. Close. a.



2.



Save the model.
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Pipeline connections  The transfer to the region level results in: • Regions named after the original parts. • Interfaces for the part-part contacts. Note: Transfer of surface data is possible from parts to the region level only. Surface changes on the part level are transferred on each click on initialize mesh



.



 The connection between entities at parts and regions level are listed in the



properties window at both levels. •



See parts/regions, surfaces/boundaries, part curves/feature curves.
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Mesh generation We next select models for the mesh continuum, set up meshing parameters and generate a volume mesh.  For a CHT analysis, we recommend: •



Prism layer at fluid/solid interface. • Skewness angles less than 85 degrees. • No prism layer on solid side, as the embedded thin mesher provides more suitable prism cells inside the solid avoiding core polyhedral cells where possible. • Conformal mesh between fluid and solid regions.  A conformal mesh can only be achieved when the same mesh continuum / mesh operation is used for all regions.  The Embedded Thin Mesher is not yet available with Pbm, therefore Rbm is used for all regions in order to get a conformal mesh at the interface.



 For production cases it is important to have at least 3 layers of cells defining



solid thickness to resolve temperature gradients in the solid.
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Mesh generation  Create a new mesh continuum with these Meshing Model Selection. 1. Surface Remesher. 2. Polyhedral Mesher. 3. Prims Layer Mesher. 4. Embedded Thin Mesher.



 The continuum is automatically applied to all regions as they haven't had a mesh



continuum assigned to them.
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Meshing model configuration  Change the behavior of meshing models. 1. Embedded Thin Mesher: Select Customize Thickness Threshold. b. Select Run Optimizer. a.



2.



Surface Remesher: Deselect Enable automatic surface repair. b. Deselect Do proximity refinement. ‒ Proximity refinement refines the surface mesh so that volume cells can be created in the gap. ‒ Solid boundaries would be refined, is not necessary because Embedded Thin Mesher is used. a.



 Implicit mesh configuration through setting boundary types, used to adjust prism



layer generation. Change Runner 1..4 to Mass Flow Inlet. 4. Change Outlet to Pressure Outlet. 3.



5.



Save the model.
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Meshing parameters  The following parameters are set at the different reference manager levels. • Continuum level settings. ‒ ‒ ‒ ‒



Base Size: 5 mm. Prism Layer Thickness > Absolute Size: 1 mm. Surface Size > Min: 50% of base, Max: 100% of base. Thin Solid Thickness: 100% of base.



 Region and Interface settings are shown in more



detail on next slides. Note: For a production case, finer mesh settings should be used, e.g. base size between 2 and 3 mm, and minimum 3 thin layers for the solid.
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Meshing parameters  The Gas region does not require extra settings.  Change the type of region Solid. 1. Go to Regions > Solid. 2. In the properties window change Type to Solid Region.  Adapt prism layer settings in the solid and at



interfaces. 1.



Disable prism layers in the solid. Open the Mesh Conditions node. b. Set Customize Prism Mesh to Disable. a.



2.



Activate prism layers at the interface. Open the Interfaces > Solid/Gas > Mesh Conditions folder. b. Activate Interface Prism Layer Option. ‒ This is deactivated by default as at internal fluid - fluid interfaces with mass exchange prism layers are numerically not required. a.



3.



Save the model. 231



Mesh generation Click the Volume Mesh Generation button in the toolbar. 2. Review the result of the embedded thin mesh in a new Mesh Scene. 3. After the scene creation, right click in the scene background to select Hide all Parts. 4. Create a new derived part using both regions as shown below. 1.



Right click Derived Parts > New Part > Threshold. b. Position[Z], All Above, 0.012 m. c. Display: New Geometry Displayer. a.



5.



In displayer Threshold Geometry 1: Change Color Mode to Region Type. b. Turn on Mesh. a.
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Mesh diagnostics  It is always good to check the quality of the created mesh using the full mesh



diagnostic. 1.



Click Menu Mesh > Diagnostics. Select both regions. b. Representation Volume Mesh. c. Report type Full. a.



2.



Make sure that: ‒ ‒



›



Minimum face validity is 1. Maximum skewness angle < 85 deg, if violated and convergence issues occur the Cell Quality Remediation model may enhance convergence. Values are reported for boundary and interior cells separately.



233



Physics setup  The next step is to define separate



3.



physics continua for air and carbon steel, followed by selection of appropriate physics models for each continuum. 1.



2.



Three Dimensional. b. Steady. c. Gas. d. Segregated Flow. e. Ideal Gas. f. Segregated Fluid Temperature. g. Turbulent. h. K-Epsilon Turbulence. a.



Have two physics continua and rename them into Air and Carbon Steel.  The first existing physics continuum is assigned to all regions.  Both regions are thus of the same type, Fluid Region, since default type is gas.



After defining both continua assign Carbon Steel to region Solid.



For physics continuum Air, the following physics models are selected:



4.



For Carbon Steel select the following models: Three Dimensional. b. Steady. c. Solid. d. Segregated Solid Energy. e. Constant Density. f. Cell Quality Remediation. a.
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Material & differencing schemes  Differencing schemes are left at default (2nd order). • Differencing scheme order can be chosen for each of the equations separately or jointly as shown on the right.  Only the Carbon Steel continuum’s material default



Aluminum needs to be changed. 1. 2.



3. 4. 5.



Open the continuum's Models > Solid folder. Right-click on Al and select Replace with. Open the tree Material Database > Standard > Solids. Search for Carbon. Select UNSG 101000 (Carbon Steel) and click OK.
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Initial Conditions  For steady problems initial conditions



help during startup and have no effect on the final solution.  Initial conditions are setup in the physics continua. •



Air



Carbon Steel



To edit the initial conditions right click > Edit on the respective folder in each of the continua.



 Air: 1. Turbulence: TI (Turbulence Intensity) = 5%. b. TVR (Turbulent Viscosity Ratio) = 10. c. Velocity Scale 30 m/s. a.



2.



Temperature = 400 C.



 Carbon Steel: 3. Temperature = 350 C. 236



Continuum to region assignment  STAR-CCM+ assigns the first physics continuum created by the user to all



regions in the model. 1.



Make sure that the Carbon Steel continuum is assigned to the Solid region. Click on region Solid. b. Change Physics Continuum in the properties window to Carbon Steel. a.



2.



Save the model.
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Boundary conditions  The next few slides show setup of boundary conditions:  Ttotal ≈ 514.5 C • Runner 1 0.05 kg/s; Intensity 10%; Tstatic = 500 C  Ttotal ≈ 500.0 C • Runner 2,3,4 0.001 kg/s; Intensity 1%; Tstatic = 500 C • Outlet 0 Pa relative; 400 C. • Walls Convective wall with Tamb = 350 K; h = 50 W/(m²K).  For mass flow inlets, STAR-CCM+ requires specification of the total



temperature. For ideal gases use isentropic relationships:   -1 2  Ttotal  Tstatic 1  M  2   V M RTstatic
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Boundary conditions 1.



Apply the settings as shown to boundary Runner 1. Mass Flow Rate: 0.05 kg/s. b. Ttotal = 514.5 C. c. TI = 0.1 d. TVR = 10.0 a.



2.



Select Runner 2 to Runner 4 together and choose Edit from context menu. Mass Flow Rate: 0.001 kg/s. b. Ttotal = 500.0 C. c. TI = 0.01 d. TVR = 10.0 a.



3.



Set Outlet boundary's temperature to Tstatic = 400.0 C. ›



This affects the flow if any backflow occurs (might happen during the initial steps).
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Boundary conditions  For the Solid region only the



settings for Manifold Wall boundary need to be set. Change the Thermal Specification to Convection. 2. Ambient Temperature: 75 C. 3. Heat Transfer Coefficient: 50 W/(m²K). 1.
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Runtime Controls – Energy URF  To aid the analysis during startup, we



reduce the default value of 0.9 for fluid's energy under-relaxation. Go to Solvers > Segregated Energy. 2. In the properties window set Fluid Under-Relaxation Factor to 0.5. 1.



 Decrease the number of steps.



Open the Stopping Criteria folder. 2. Change the Maximum Steps criterion to 600. 1.



3.



Save the model.
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Post processing We setup the following reports and scenes before running the analysis.  Reports. •



Mass averaged gas temperature. • Mass averaged solid temperature. • Bulk outflow temperature.  Monitors and plots are created for all reports to judge convergence.  Scenes. • Temperature of exterior wall. • Temperature of gas-solid interface. • y+ at this interface.



Alternative: Run the macro SetupManifoldPost.java for post processing setup and running. 2. Explore the reports during the run. 3. Jump to section Results. 1.
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Reports  Start with the mass averaged gas temperature report. 1. Right click Reports > New Report > Mass Averaged. 2. Rename the report into Averaged Gas Temperature. 3. Set Scalar Field Function to Temperature. 4. Set Parts to region Gas. 5. Change Units to C.  Copy the report created in the previous step for the solid. 1. Right click Averaged Gas Temperature > Copy. 2. Select the Reports folder to Paste. 3. Rename the report into Averaged Solid Temperature. 4. Change the Parts to region Solid.  Create a single plot from both reports. 1. Jointly select both reports and select Create Monitor and Plot from Report. 2. Choose Single Plot in the following dialog.
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Reports  Create a Mass Flow Averaged report and plot for the



outlet temperature. 1. 2. 3. 4.



5. 6. 7.



Right click Reports > New Report > Mass Flow Averaged. Rename the report into Bulk Outlet Temperature. Change the scalar to Temperature. Click onto Parts and unfold the tree of the Gas region to select the Outlet boundary. Change the unit to C. After the creation of the report, create a plot. Save the model.
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Scenes  Create a new scalar scene to display the outer wall's temperature. 1. Rename the new Scalar Scene into Temperature. 2. Choose the solid's Manifold Wall in Parts of displayer Scalar 1. 3. Select the Scalar Field to show the Temperature in Celsius.



245



Scenes  Create a temperature on interface scene as follows. 1. Switch to the simulation tab. 2. Duplicate the Temperature scene by dragging it into the Scenes folder. 3. Rename the scene into Interface Temperature. 4. Change the Parts to the Gas version of the interface [Solid/Gas]. 5. The scene remains empty as no cells have been assigned to the interface (done in the next slide).  Create a wall y+ on interface scene. 1. Duplicate the Interface Temperature scene. 2. Rename to Wall Y+. 3. Right click onto the color bar in the scene window to select the scalar function Wall Y+. 4. Save the model.
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Initialization  Before the analysis runs, as a first step, STAR-CCM+ initializes the solution.  In some cases, it is useful to manually initialize the solution to review the



following: •



Application of initial conditions. • Quality of interfaces created.  For this tutorial, we initialize the solution to review the interface. 1. In the menu bar select Solution > Initialize Solution. 2. Open the Representations folder to check the Volume Mesh before and after initialization.



All faces are assigned to the interface node, here it means a conformal match 247



Initialization  The complete association of cells from the boundary to the interface is ensured



for conformal match of interfaces.  On non-conformal meshes or in cases the interface surface takes only parts of the original boundary a visual check is highly recommended. Create a new Mesh Scene. 2. Choose to show only the interface [Gas/Solid] part. 1.
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Running the analysis – convergence monitoring  Start the simulation. 1. Arrange the scenes and plots as you like. 2. Click on to start the simulation (takes ≈ 50min to converge on a 3GHz PC).  The case is considered as converged, if: • Residuals have dropped 2-3 orders of magnitude. • Engineering quantities of interest have stopped changing.
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Results – Solid wall temperature  Multiple scenes in one via Scene Annotations. 1. Create a new Empty scene. 2. Open the new scene's Attributes folder. Make Axes invisible . b. Remove the Logo from Annotations. a.



Select both Temperature scene nodes subsequently, right click and choose Create Scene Image Annotation. 4. Drag and drop both new Scene Image annotations into the new scene and arrange them. 3.
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Results – Wall Y+  Wall Y+ in Runner 1 is well in range for wall function treatment.  Improved resolution of the temperature boundary layer requires more cells in



prism layer 4-6 layers at least.
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User Exercise – Additional post processing User Exercise:  Create 2 plane sections along Runner 1.  Plot Temperature.  Plot Velocity Magnitude.



252



Summary  Multi-domain meshing with a polyhedral mesh was demonstrated for an exhaust



manifold.  If the input surface is fully closed Split by Surface Topology can be used for creating separate regions.  For CHT analysis, the following are mesh quality recommendations: •



Skewness angle < 85 deg (interior and boundary). • Prism Layer for fluid mesh.  Setup of physics continua and boundary conditions were reviewed.  Basic post processing techniques were discussed.
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Recommendations for production runs Surface Preparation  If several geometry configurations are used, create Mesh Operations instead of Split by Surface Topology. Mesh Generation  Base size of 2 mm, minimum of 1 mm.  If thermal boundary layer resolution is important, 4-6 prism layers. Solver Settings  Pressure Under-Relaxation Factor of 0.1  Velocity Under-Relaxation Factor of 0.5
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Advanced settings in STAR-CCM+ Part I Solver settings Under-relaxation
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Memory requirement How much memory does STAR-CCM+ require?  For a non-polyhedral mesh with a two equation turbulence model: Solver



Memory per 1 million cells



Segregated



750 MB



Coupled Implicit



1.3 GB



 Memory requirements increase for some physics models and if large amounts of



post processing are done interactively.  Explicit coupled solver needs the same number of time steps in memory as the implicit, however the explicit coupled solver is only available for inviscid or laminar flow problems.
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Defining the required models  Physics models are defined via continua.  Multiple physics continua can be defined and applied to different regions. • e.g. solid physics, fluid physics.  If the auto-select button is enabled, STAR-CCM+ automatically selects default



models. •



e.g. turbulence models.



 If the auto-select button is disabled, the user can choose all models.
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Cell quality remediation  The Cell Quality Remediation



model attempts to identify poor-quality cells based on a set of internal metrics.  Note: If it is enabled in one automated mesh / continuum then it has to be enabled in all active physics as well.



 Once these cells and their neighbors have been marked, the computed



gradients in these cells are modified in such a way as to improve the robustness of the solution.  The affected cells can be plotted via the Bad Cell Indicator field function.
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Iterative Solver  The sum of all fluxes entering a CV (Control Volume) should equal all fluxes



leaving the same CV.



 fluxes



in,Reality



 fluxes out, Reality



 Flow and thermal fields are solved in an iterative manner. • First, an initial solution is established. ‒ ‒



•



Does not need to be precise nor accurate. But making the initial solution closer to the final result can reduce overall computational time.



The solver produces changes to the fields on each iteration.



r   fluxes in,Simulation  fluxes out,Simulation ‒ ‒



•



Those changes are tracked as Residuals. Only a fraction of the changes are applied to the fields to promote stable solution process (UnderRelaxation).



When those changes reach a sufficiently low magnitude, the solution can be considered converged or sufficiently solved.
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Segregated vs. Coupled Implicit Segregated Solver.  Solves flow equations (one for each component of velocity, one for pressure) in a segregated manner.  Linkage between momentum and continuity equations achieved with a predictor-corrector approach. Implicit or Explicit Coupled Solver.  Solves the conservation equations for mass and momentum simultaneously using a time- (or pseudo-time-) marching approach.  Grid Sequencing as an advanced initialization procedure (initial guess computed on a coarse mesh). All solvers use the Algebraic Multi-Grid (AMG) method.  Search the User Guide with "Segregated Coupled" for more information about how to choose



between the two solver types.  Search the User Guide with "Coupled Flow Controls" for more information about the coupled solvers.
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Solver settings  In most cases, you don't have to modify the settings of the solver.  However sometimes convergence can be improved by altering the URF (Under-



Relaxation Factors, segregated solver) or CFL (Courant Number, coupled solver). •



Search the User Guide with "Under-Relaxation" and "CFL" for more information.



 These can be found under the Solvers node.



Default settings for steady simulations (different for unsteady solver):
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Under-relaxation factors – Segregated Solver  The URF are values between 0 and 1, necessary to stabilize the iterative



process of obtaining steady state solutions. •



A correct choice of URF is essential for cost-effective simulations. A too large value of them may lead to oscillatory or divergent solutions whereas a too small value causes a very slow convergence.



 If required STAR-CCM+ offers to linearly ramp those parameters for a particular



range of iterations. •



Select the respective '... Ramp' node, choose Linear Ramp to get the properties node.
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Courant Number – Coupled Solver  The Courant Number determines the 'time step' per iteration. • If the solution diverges, the Courant number should be reduced whereas if the Courant number is too low the solution converges slowly. • The Solution Driver > Expert Driver monitors the solution matrix and automatically adjusts the Courant Number.  Some flow problems require a lower CFL number for stability when the mass-



flow convergence is slow. •



Use the Convergence Accelerator in the Coupled Implicit Solver. • Search the User Guide with "CCA" for more information.
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Under-relaxation factors and Courant number For a Segregated Solver.  Use default values.  If flow and energy are coupled, use 0.5 for energy URF.  If analysis is struggling use 0.5 for velocity URFs and 0.2 for pressure URF.  If you have to lower the URF a lot lower than the above values, it may be an indication of other problems with the mesh or setup. For a Coupled Solver.  Turn on verbosity to low.  If number of inner iterations is less than 4, increase the Courant number.  If the number of inner iterations is larger than 4, then reduce the Courant number.
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What physics should I use for ...  Simple flow in a mixing pipe: • Stationary, Gas, Segregated Flow, Ideal Gas, Steady, Turbulent, K-Epsilon Turbulence.  Transonic flow over an airfoil: • Stationary, Gas, Coupled Flow, Ideal Gas, Steady, Turbulent, Spalart-Allmaras Turbulence.  Particle-laden flow: • Gas, Segregated Flow, Constant Density, Steady, Turbulent, K-Epsilon Turbulence, Lagrangian Multiphase.  Steady/unsteady flow into a dilution pipe: • Multi-Component Gas, Non-Reacting, Segregated Flow, Ideal Gas, Segregated Fluid Temperature, Steady / Implicit Unsteady, Turbulent, K-Epsilon Turbulence.
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What physics should I use for ...  Internal flow in a rotating fan: • Gas, Segregated Flow, Constant Density, Turbulent, K-Epsilon Turbulence, AND • Steady plus Reference Frames > Rotating, OR • Implicit Unsteady plus Motions > Rotation.  Heat transfer for a heater in a room: • Fluid: Stationary, Gas, Coupled Flow, Ideal Gas, Steady, Turbulent, K-Epsilon Turbulence, Gravity. • Solid: Stationary, Solid, Coupled, Solid Energy, Constant Density, Steady. • If radiative transfer, add: Radiation, Surface-to-Surface Radiation, Gray Thermal Radiation. • If transparent solid, add: DOM (Participating Media Radiation).
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Discussion point  What type of simulations do you plan to use STAR-CCM+ for?  What physics models will you need to turn on?
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WORKSHOP: Solution History Part I Mixer A transient post processing approach
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Solution History Possible aims to store and reload data from previous states are: •



Create animations of transient simulations AFTER solving. • Compare solutions run with different conditions (meshes, design changes). • Interrogate solution data from previous time steps or iterations.  Solution History is accessed through 2 new nodes on the tree. • Solution Histories. ‒



•



Define the “input”: Where, when and which data are stored.



Solution Views. ‒



Define the “output”: Which solution file is recalled, which state is displayed, how it is animated.



 The .simh file can contain a lot of useful data, but as a consequence of this, they



can become rather large. •



The file size is proportional to the number of steps and fields.
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Workshop – Mixer Objectives  Transient post processing.  Solution History.  Initialization with Field Function.  Run the simulation.  Recall the Solution File.  Change post processing.  Record an Animation. Background  We are using a sim file which is ready to run. •



The geometry was created in the 3D-CAD Modeler and transferred to regions through geometry parts. • Surface Remesher, Polyhedral Mesher, Prism Layer Mesher. • Transient simulation, K-Epsilon Turbulence, Motion. 271



Workshop – Mixer Features to explore in this workshop:  Geometry created in the 3D-CAD Modeler.  Passive Scalars initialized with a field function (explained later during the solution run).  Rigid Body Motion Approach. •



Transient motion.



 Scalar Scene with several displayers. • Geometry Displayer: Visualize underlying mesh. • Scalar Displayer: Color Bar > Color Map: high-contrast.



Note: For a production case a finer mesh and smaller time steps are necessary. •



Flow time: 1 s • Time Step Size: 0.04 s • Inner iterations: 5  25 time steps, 125 iterations. 272



Load simulation  Start with an existing simulation. 1. Load the simulation mixerStart.sim Menu File > Load Simulation... b. Toolbar button a.



Browse to the file in the SolutionHistory folder. 3. Save simulation using an arbitrary name. 2.



 The distribution of the water is monitored. • A passive scalar as a kind of tracer is created. • Initialize passive scalar with a field function.  Familiarize yourself with the features mentioned in the slide before.
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Create Passive Scalar  Activate the passive scalars model in



physics continuum Physics 1 and create a passive scalar. Right click Continua > Physics 1 > Models > Select Models... 2. Activate Passive Scalars. 3. Right click Physics 1 > Models > Passive Scalar > Passive Scalars > New. 1.



 The initial distribution of the passive



scalar has to be specified, this is realized with a field function.
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Initialization of the Passive Scalar  The field function shall return the value 1 if



z-position is lower than 0.2 m, else return 0.  A field function has already been created under Tools in the simulation tree. •



Presentation Name: 1 Init Scalar. • Definition: ($$Position[2] < 0.2) ? 1 : 0.  In the physics continuum change the



initialization type for the passive scalar from constant to field function. Go to Continua > Physics 1 > Initial Conditions. 2. Right click on Passive Scalar > Edit... 1.



Method: Composite. b. Composite > Passive Scalar > Method: Field Function. c. Field Function > Scalar Function: 1 Init Scalar. a.
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Scene  Open the existing scalar scene and set the scalar field for visualization. • The part on which the distribution is visualized is a section plane. • The Color Bar is changed to not use the standard blue-red scheme but high contrast. • Contour Style is Smooth Filled.



In the Scalar 1 displayer, choose Passive Scalar for the Scalar Field. 2. Initialize the solution . 1.



276



Create solution history  Create a new Solution History.



Right click Solution Histories > New... 2. Save under name mixer.simh. 1.



 Set the properties under Solution



Histories > mixer. Scalar Functions: Passive Scalar. 2. Update > Trigger Type: Time Step. 3. Update > Update Frequency: Number of Time Steps: 1. 1.
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Run analysis  Run the simulation: •



Menu Solution > Run. • Toolbar button .  The simulation runs for approx. 25



minutes.  On the next slides initialization



methods beyond constant values are explained, as they were used in this example.
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Advanced settings in STAR-CCM+ Part II Initialization Beyond constant!
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Flow initialization  Initial conditions are set for each physics continuum.  Setting suitable initial conditions aid convergence of the flow solution. • E.g. setting relevant parameters of turbulence.
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Initializing the solution Initializing the solution allows you to check the initial conditions:  Click on the icon in the toolbar or use the Solution > Initialize Solution menu item.



 If the solution has already been initialized, this action has no effect.  If you then change or add models to the simulation, initializing sets the



solution variables for the changed models.
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When is initializing the solution useful?  When you want to see the volume fraction of a fluid.  When you want to check the direction of the flow.  Additionally using the coupled solver Expert



Initialization method, Grid Sequencing enables you to obtain an advanced initial guess by solving the inviscid equations on an automatically generated set of coarsening levels.
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Turbulence initialization Turbulence initialization  Reasonable values are 2% intensity and turbulence viscosity ratio between 1 and 100. 3



𝑘 =2 𝐼∙𝑈 2 𝐶𝜇 𝜌𝑘 2 𝜀= , 𝐶 = 0.09 𝜇 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 𝑟𝑎𝑡𝑖𝑜 𝜇 Note: Failure to use appropriate initialization tends to show large residual values for k and e and in some cases may actually lead to divergence.



283



Beyond constant!  Constants in STAR-CCM+ can be



replaced by: •



Field functions. • Tables. • User coding.  All these options can be used to input



data to STAR-CCM+ when values are not constant. •



e.g. time varying boundary conditions, • initial field distributions, • …  The constant field can contain



expressions, e.g. ramping the inflow velocity.
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What are Field Functions? Field functions are raw data from the simulation stored in the cells and/or boundaries. The available ones are listed under Tools > Field Functions. •



Search the User Guide with "Field Functions Mechanism" for more information.



 Once the field function has been made available, it is provided in scalar and/or



vector drop-down lists for any operation that needs to access them.  Field functions can be created for post processing, but can also be used to define initial or boundary conditions. •



Setting up initial field, e.g. VOF: ($$Position[0] 


 Field functions definitions can contain units, syntax is: .  = 100 *  •



Internally, values are in SI units: , , acos(-1), all refer to p



 Use braces { } to encapsulate special characters, e.g. spaces, hyphen,… ${function 1}, ${function-2}
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What is a Table? A table is a matrix which can be used for post processing purposes, to set initial and boundary conditions and export data. •



Search the User Guide with "Setting Values Table" for more information.



 Tables can be created in STAR-CCM+ or imported from a *.csv file.  What are the types of tables available? Create



Types available



Special types



Accumulated Force [accumulated pressure and shear force over surfaces]



table(iteration)



Table (er) [Laminar Flame Speed Profile]



File



table(r)



Table (particle size CDF) [Particle Diameter]



Histogram



table(time)



R Internal



table(x, y, z)



XYZ Internal



table(xyz, time)
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Tables  Reading a table. 1. Right click Tools > Tables > New Table > File… 2. Select one (or several) tables using the Ctrl button and click Open. • A new node (or several) corresponding to the table appears under Tables node. You can visualize its properties in the Properties box.
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Tables  Using an imported table.  You can specify values at boundaries: 1. In the properties of the boundary physics values set the Method to Table. 2. Click on the method node and select the name of the table in the Table drop-down list. 3. Select the Data that you want to use in Table: Data.
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Table  Exporting a table. 1. Right click on Tables > XyzInternalTable > Extract. ›



Table is filled.



Right click on Tables > XyzInternalTable > Export. 3. Choose a filename. 2.



 Alternatively look first how the table looks like and then export. 1. Right click on Tables > XyzInternalTable > Tabulate. ›



2.



A new window opens.



Click Export.



 A table can be automatically exported to a csv file.
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Table to field function interpolation  How can I visualize table data? • Search the User Guide with "interpolateTable" for more information.  Create a field function that interpolates the data of a table. • Expression type syntax: interpolateTable(@Table(""), "<x-column>",{LINEAR|STEP|SPLINE}, "", <scalar_expression>) •



Example: interpolateTable(@Table("table"), "TIME", LINEAR, "Velocity: Magnitude", $Time)



•



Position field function syntax: interpolatePositionTable(@Table(""), "") ‒



Table columns X, Y, Z or only one or two of them define the position dependence.
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User coding  User coding in STAR-CCM+ can be written in either FORTRAN or C. User coding from STAR-CD cannot be used in STAR-CCM+.  Field functions or java macros should be used in place of user coding wherever



possible. • •



More flexible. Easier to maintain.



 For more information and examples of user coding, refer to the User Guide .
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Beyond constant: Discussion point  Pick an example of the type of problem you wish to solve using STAR-CCM+. • What physics are required? • What boundary conditions are required? • What results do you wish to analyze?  Do you feel able to set the problem up in STAR-CCM+? • Do you need any field functions? • Do you use any tables?  Do you feel able to assess the results in STAR-CCM+?  Do you have any questions on using STAR-CCM+?
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WORKSHOP: Solution History Part II Continuing: Post Processing Mixer
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Solution views  With the iterations complete, the



solution history can be reloaded. Go to Solution Histories > mixer. 2. Right click and select Create Recorded Solution View. 1.



›



3.



A new node mixer is created under Solution Views.



Drag&Drop mixer into the scene.



 It is now possible to recall each



recorded step. •



In the properties window of mixer you can choose a Time Step or Solution Time.
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Animation  An animation can be generated from



the recorded frames. Go to Solution Views > mixer. 2. Right click Animation > Edit… 3. Set the following properties: 1.



Animation Mode: Time Step. b. Time Step Animation: leave defaults. c. Close. a.



Make the scalar scene active. 5. Hit the animation Record button in the toolbar . 4.



Choose the Movie Type and a file name. b. Click Save. a.



295



Post Processing  The visualization can be changed after the run is finished and it is applied to all



previous steps as well! Create a new section plane and add it to the scalar displayer. 2. Change the time steps and see that this new layout is used for all steps. 1.
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WORKSHOP: Template and 3D CAD Understanding the pipeline approach and post processing tools in STAR-CCM+ Parametric Valve
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Tutorial – Parametric Valve Objectives  Advantages of using template files.  Design parameters.  Fluid volume extraction.  Transfer of 3D-CAD to analysis.  Running baseline case.  Making a parametric change to the baseline.  Re-running analysis. Background  The 3D-CAD modeler in STAR-CCM+ provides a means of moving from a 3DCAD model to running an analysis in a seamless manner.  The 3D-CAD environment also provides a means of easily making parametric changes to a design and re-running the analysis. 298



Tutorial – Parametric Valve Template files provide a powerful technique to automate your CFD analysis.  A template file is a blank simulation that contains problem setup including: • • • • • •



Meshing Models and Parameters. Physics Models. Initial and Boundary Conditions. Solver Settings. Post Processing. Run-time Controls.



How can I create a template file?  Open a new blank simulation, and define models, parameters, regions, boundaries, analysis setup and post processing.  Use the case you’ve configured and remove all representations and save it as a template.
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Start and template review Launch STAR-CCM+ and load ParametricValve / Valve_template.sim. 2. Explore settings in the folders: Operations, Continua, Regions, Reports, Solvers and Scenes. 1.
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Start the individualization Save into a separate file to start. 2. Import a parasolid file of the geometry into the 3D-CAD tool. 1.



‒



Every neutral CAD file format or native CAD file (depending on your license features) could be used a. Go to Geometry > 3D-CAD Models. b. Right click New.



In the new panel go to 3D-CAD Model 1. 4. Right click Import > CAD Model. 5. Select ParametricValve / Valve Master.x_t. 3.
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Design Parameters  A design parameter is a variable used for defining model dimensions. • They have a name and value associated with them. • They can be changed outside the 3D-CAD environment.  Create a design parameter called Valve Angle specifying valve rotation. 1. Right click Bodies > inner1 > Transform > Rotate. 2. Click on the Expose Design Parameter button next to Angle. 3. Activate Expose parameter? and set the name Valve Angle, click OK.
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Step 3 – Design Parameters  Set the values as follows.



Axis Direction: [ 0 , 1 , 0 ]. 2. Angle: 0 deg. 1.



Click on the button with the question mark next to the field. b. In the new window choose to Expose parameter? c. Type its name Valve Angle. a.



3.



Finish the edit panel by clicking on OK.



 Valve Angle resides in the



Design Parameters folder as shown.
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Step 4 – Fluid Volume Extraction The 3D-CAD modeler provides a powerful method of extracting fluid volume from the solid body’s definition of a given geometry.  Main Steps: • Unite solid into a single body (if made up of multiple components). • Identification of faces defining inlet(s) and outlet(s). • Selection of all inlet and outlet faces. • Extracting the Fluid Volume.
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Step 4 – Boolean Unite Change the selection tool to Select Volumes. 2. Use box selection to select all bodies in the graphics window. 3. Right-click on the highlighted bodies and choose Boolean > Unite. 4. Accept selection in the subsequent window and click OK. 1.



› › ›



One body remains. The name can be one of the original bodies. Here it is referred to as inner1.
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Step 4 – Fluid Volume Extraction Switch the selection tool back to surface selection. 2. Jointly select the pipe connection faces as shown (hold down CTRL key) and right click on last selected face to choose Extract Internal Volume from menu. 3. Accept selection in the subsequent window and click OK. 1.



Body 8



inner1



Body 9
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Boundary Extraction  Faces that become separate



boundaries should be renamed. Select the face at the bottom of Body 9. 2. Right click Rename and type Inlet. 3. Repeat this procedure with Outlet 1 (left) and Outlet 2 (right). 4. CAD editing is finished: Click Close 3DCAD at the bottom of the 3D-CAD tab.



Outlet 1



1.



Outlet 2



•



Only Body 9 is relevant for the simulation. • The other parts are used for post processing purposes only.
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Transfer geometry The relevant CAD body needs to be transferred to regions. 1.



Transfer of 3D-CAD Model to Parts. Right click on 3D-CAD Model 1 > New Geometry Part. b. Accept selection in the subsequent window and click OK. a.



2.



Transfer of relevant Parts to Regions. Go to Parts. b. Right click Body 9 > Set Region > Valve. a.
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Visualizing parts View geometry by opening the scene Geometry. 2. Drag and drop the part inner1 from the Geometry > Parts list into the scene and add it to the Geometry 1 displayer. 1.
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Step 5 – Transfer to Region  Connect surfaces of Body 9 with



boundaries of respective names in region Valve. Right click on the surface and select Set Boundary. 2. Choose the respective boundary. 1.



›



The connection appears in the surfaces properties as well as in the boundaries'.
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Running the baseline  The remaining steps to run the baseline analysis are: • Generating volume mesh. • Review the mesh. • Setting up the post processing. • Running analysis.  To create the volume mesh directly (Surface Remesher is executed implicitly): 1. Add the part Body 9 to the Automated Mesh operation. Right click Automated Mesh > Edit… b. Select Parts > Body 9 as Input Parts. a.



2.



Right click on Automated Mesh > Execute. Or click in the menu Mesh > Generate Volume Mesh. b. Or click on the toolbar button . a.



•



The exclamation mark disappears.
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Baseline mesh review  Review the mesh. 1. Create a new Mesh scene. 2. Click on the to restore the view View 1.
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Setup Post Processing  Open the scene Vector to see the three displayers: Outline 1, Valve and



Vector 1.  Valve displayer: Add the whole valve base part to Parts. Go to Displayers > Valve > Parts and right click Edit… 2. In the Edit Panel, select Parts > inner1 > Default. 3. Representation is set to Geometry. 1.



 Vector 1 displayer: 1. Go to the properties window. 2. Set Representation to Volume Mesh.
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Baseline running  Boundary conditions are specified in the template already. • Inlet Velocity = 0.12 m/s, Pressure = 0 Pa at both outlets. 1. Hit the run button to start the simulation. 2. Return to the scene Vector to watch how the solution process evolves. 3. Press the stop button when residuals look fine. ›



Mass Flow Rate looks converged at 40 iterations.
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Reports  Reports extract single values from the domain. 1. Right click on Reports > New Report > Mass Flow Averaged. 2. In the Properties window choose: Parts: Boundary Inlet. b. Scalar: Pressure. a.



3.



Right click on the Mass Flow Averaged 1 report and choose Run Report. ›



The value is written in the Output window.
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Monitor, Plot and Annotation  Create a monitor, plot and annotation from the new report. 1. Right click Mass Flow Averaged 1 > Create Monitor and Plot from Report. 2. Open the Monitors folder and rename the new monitor into Pressure Drop. 3. Right click Plots > Mass Flow Averaged 1 Plot > Create Plot Image Annotation. 4. The new annotation Plot Image 3 can now be dropped into any scene.
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Scalar scene with streamlines  Create a scalar scene with streamlines. 1. Create a new Scalar scene. 2. In the scene window right click onto color bar and choose Pressure for the function. 1. Select the scalar displayer in the scene tree. Select representation Volume Mesh. b. Change Opacity to 0.4 a.



2.



Right click on Displayers and add an additional Geometry displayer to the scene. Select the Geometry representation. b. Change Opacity to 0.2 c. Activate display of the surface. a.
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Scalar scene with streamlines  Add the surfaces to the individual displayers. • From Parts inner1 drag the surface Default into the scene and drop it in the geometry displayer. • From Regions Valve drag the boundary Default into the scene and drop it in the scalar displayer.



inner 1 Default



Valve Default
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Creating streamlines and respective displayer  Create the streamlines. 1. Return to simulation tab but leave the scene active. 2. Right click on Derived Parts > New Part > Streamline… 3. Settings: ‒



Default: All regions are selected as Input Parts, Vector Field is Velocity and Seed Mode is Part Seed.



Select Regions > Valve > Inlet as Seed Parts. b. Choose New Streamline Displayer. c. Click Create. d. Close the streamline creation tab by clicking on Close. a.
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Configure streamline displayer  Configure the streamline displayer in the scene/plot panel of the scene Scalar 1.  Color the streamlines by velocity magnitude, change the display type and add



markers. 1.



In the properties window of Streamline Stream 1 set: Width: 5e-04. b. Mode: Tubes. a.



Scalar Field: Velocity > Magnitude. 3. Add Start and End Markers. 4. Save the model. 2.
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Switch to variant  Switch to a variant of the valve. 1. Unfold the tree Geometry down to Design Parameters. 2. Change the Valve Angle to 20.0 deg. ›



The appearing exclamation marks show the need for an update of the pipeline.



Right click on 3D-CAD Model 1 and all parts and select Update. 4. Initiate the meshing pipeline and recreate the volume mesh. 3.



Go to Operations > Automated Mesh. b. Right click Execute. a.



5.



Save the simulation under its new name Valve20.sim.
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Updated mesh  Take a look at the mesh scene. • It shows that one of the flow paths has automatically been cut off by the valve position.
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Updated results  Run the simulation with the new variant. 1. Return to the Vectors scene. 2. Run the simulation for another 200 iterations or so.
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Summary  Benefits of using a template file were shown.  Use of the 3D-CAD modeler was illustrated showing. • Import from CAD. • Extraction of Fluid Volume. • Creation of Design Parameter. • Running baseline. • Changing the Design Parameter to run a modification to the baseline.  Post processing elements were shown. • Report, Monitor, Plot and Annotation creation. • Streamline scene creation. • Table data export.
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WORKSHOP: Moving Reference Frame Simulation of compressible 3D flow through a ducted fan using Moving Reference Frame approach
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MRF Approach  Moving Reference Frame Approach • A Steady State analysis where two (or more) regions can be stationary, or move relative to each other. • Approach can resolve overall flow behavior (e.g. Mass flow rate, pressure rise across rotating components). • Not suitable for resolving flow structures (e.g. wake coming off rotating machinery). • Care should be taken to place the downstream interface of rotating regions away from non-axisymmetric flow structures. • By default, all walls in the rotating regions are rotating. If there are stationary walls, zero rotational velocity has to be specified on those walls.
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Startup Open the simulation DuctedFan / DuctedFanStart.sim. 2. Open Geometry Scene 1 and familiarize yourself with the geometry. 3. Use Save As to save a copy of the original into DuctedFan.sim. 1.



Stagnation Inlet P total = 0Pa T total = 300K



Fan rotates around Z axis at –600 RPM



Static Pressure Outlet P = 0Pa, T= 300K
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Workshop workflow Main Steps  Selection of meshing models and parameters.  Mesh generation and review.  Setup physics and initial conditions.  Boundary conditions.  Runtime control and post processing.  Analysis.  Streamlines.
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Parts Organization  For Moving Reference Frame problems, the region that is going to be assigned



as rotating should be separated from stationary regions. •



In this problem the rotating and two stationary parts are already separated and Contacts are created. • The surfaces are split in as many parts as necessary in order to control the surface size.
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Meshing setup  Select the meshing models for the Stationary Front, Rear and Rotating parts. 1. Go to Geometry > Parts. 2. Select all three parts. 3. Right click Create Mesh Operation > Automated Mesh. 4. Select the meshing models: Surface Remesher (for improving triangulation quality). b. Polyhedral Mesher (to ensure a conformal mesh between regions, and resolve the swirl flow). c. Prism Layer Mesher (to resolve the boundary layer flow). a.



 Due to the small tip clearance set the minimum prism thickness to 1% of the



base size. Go to Operations > Automated Mesh > Meshers. 2. Click on Prism Layer Mesher and set Minimum Thickness Percentage to 1.0. 1.
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Meshing setup  A coarse mesh is to be created, a production case would require a finer mesh.  To decide on an appropriate base size, measure the model's characteristic



sizes. •



Click on the globe icon to show the mesh. • Click on the ruler icon to measure. Go to Operations > Automated Mesh. 2. Under Default Controls set: 1.



Base Size: 0.01 m. b. Prism Layer Total Thickness: Absolute, 0.003 m. a.
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Meshing setup – Interfaces  Disable the creation of prism layers



on interfaces. Create a new Surface Custom Control. 2. Right click on the new node Surface Control and select Edit… 1.



Part Surfaces: All parts. b. Controls: Go to Prism Layers and select Disable. a.
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Meshing setup – Rotating  Since the rotating region has a tighter



clearance, smaller prism layer thickness is applied. Create a new Surface Custom Control. 2. Right click on the new node Surface Control 2 and select Edit… 1.



Part Surfaces: Rotating. b. Controls: ‒ Go to Prism Layers and select Specify Custom Values. ‒ Go to Customize and activate Customize Total Thickness. c. Values: ‒ Go to Prism Layer Total Thickness and select Absolute for Size type. ‒ Go to Absolute Size and set 0.001 m. a.
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Meshing setup – Rotating  The Blade Tips get an even thinner



prism layer and the smallest mesh size. 1.



Copy Surface Control 2. Select only Blade Tips from part Rotating as Part Surfaces. b. Set an Absolute Size of 0.5 mm for the Prism Layer Total Thickness. a.



Additionally under Controls select to Specify Custom Controls for Minimum Surface Size. 3. Under Values set the Relative Size of Minimum Surface Size to 6.25%. 2.
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Meshing setup – Rotating 1.



Create a new Surface Custom Control and edit it. Part Surfaces: Blades, Blade Tips. b. Under Controls select Specify Custom Values for Target Surface Size. c. Under Values set a percentage of 25% as relative size of Target Surface Size. a.



2.



Repeat step 1 for a Minimum Surface Size of 12.5% for Blades and Default.
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Meshing setup – Regions  A volume mesh is created in regions, therefore the parts must be transferred to



regions first. Select the three parts Rotating, Stationary Front and Stationary Rear. 2. Right click Assign Parts to Regions… 1.



One region per part. b. One boundary per part surface. c. One feature curve for all part curves. d. Enable Create Interfaces from Contacts? e. Create Regions. f. OK. a.



 Assign boundary types in order to get the right prism mesh type on each of



them. Go to Regions. 2. Set type for Stationary Front > Boundaries > Inlet to Stagnation Inlet. 3. Set type for Stationary Rear > Boundaries > Outlet to Pressure Outlet. 1.
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Create Volume Mesh  Create the Surface and Volume Mesh. 1. Right click on Automated Mesh > Execute. › › › ›



2.



A new Description appears: Automated Mesh: Remesh. A new Representation appears: Volume Mesh. The Parts Meshes continuum is linked to the regions. It implicitly contains the volume mesh information from the Automated Mesh operation.



Create a new Mesh scene to examine the mesh.
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Reviewing the mesh  Review the volume mesh.



Apply Volume Mesh Representation to the Mesh 1 scene. 2. Create a section through the blades. 1.



Click on to select Views with +X and Up +Y. b. Also under Views switch to Parallel projection mode and use the section tool to cut through the blade in the scene. c. Choose to use the Existing Displayer. a.



3.



For a horizontal section right click on Derived Parts > New Part > Section > Plane. Click on Y to get the plane aligned to the zx-plane. b. Choose to use the Existing Displayer. c. Click Create and Close. a.
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Reviewing the mesh  Proximity refinement and reduced minimum surface size lead to refined mesh on



the Default boundary of the rotating region.  Reduced prism layer minimum and total thickness show at the blade tip.
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Physics and initialization  Upon completion of the mesh generation STAR-CCM+ has created an almost



empty physics continuum automatically. 1.



Add the following models to this continuum (automatic selection activated). ›



2.



Steady, Gas, Segregated Flow, Ideal Gas, Segregated Fluid Temperature, Turbulent, K-Epsilon Turbulence.



Change the initialization of Turbulent Velocity Scale to 2 m/s. ›



This helps the convergence in the initial iterations.
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Reference Frame setup  Define the Reference Frame specification in the simulation's Tools section. 1. Go to Tools. 2. Create a new Rotating reference frame. Axis Direction: [ 0 , 0 , 1 ]. b. Axis Origin: [ 0 , 0 , 0 ]. c. Rotation Rate: -600 rpm. a.



 The reference frame specification needs to be applied to the region level. 1. Go to Regions > Rotating. 2. Change the property Physics Values > Motion Specification > Reference Frame to Rotating.  Motion is applied by default to all boundaries of the rotating region, but the



Default boundary shall stay immobile. Go to Boundaries > Default. 2. Change the Tangential Velocity Specification to None in the Reference Frame Absolute. 1.
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Post Processing We set up the following preliminary post processing plots:  Reports. • Inlet mass flow. • Pressure gain, by reporting the Inlet pressure.  Contour Plots. • Pressure on blades. • Velocity magnitude.
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Report and monitors  Monitoring mass flow into the domain. 1. Right click on Reports to create a new Mass Flow report. 2. Select the Inlet boundary from the Stationary Front region as Part. 3. Right click on the Report > Create Monitor and Plot from Report.  Monitoring pressure gain for inlet and outlet. 1. Create a Mass Flow Averaged report. 2. Choose Pressure as scalar. 3. Select the Inlet boundary from the Stationary Front region as Part. 4. Copy the report by Drag & Drop and change Parts to Outlet. 5. Select last two reports, right click Create Monitor and Plot from Report (using Single Plot option).
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Scalar scene  Create a scalar scene to display the velocity magnitude on both plane sections. 1. Create a new Scalar Scene. 2. Add both plane sections to the Parts of displayer Scalar 1 and disable Outline 1. 3. Rename the scene into Vmag. 4. Settings of displayer Scalar 1. Contour Style: Smooth Filled. b. Scalar Field: ‒ Velocity Magnitude. ‒ Min and Max: 0 to 6. ‒ Clip: Off. a.



344



Plot annotations  Create a new scalar scene to visualize the pressure distribution on the entire



fan. Select for Scalar Field the Pressure. 2. For Parts choose from Regions > Rotating: Blade Tips, Blades and Fan Hub. 3. Rename the plot of the mass averaged pressures into Pressure Plot. 1.



 Next, create an annotation from this monitor plot, and rename it accordingly. 1. Right click Tools > Annotations > New > Plot Image. 2. In the Properties window of the new Plot Image 1 select Pressure Plot for Plot. 3. Drag & Drop this annotation in the scene created before.
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Running analysis Change Stopping Criterion > Maximum Steps to 500 iterations. 2. Click menu Solution > Run to start the solve. 1.



‒ ‒



The initialization shows the conformal match of the interface. The analysis takes about 40 minutes to run.
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Streamlines  Streamline plots should preferably be created at the end of the analysis.  To create a streamline plot, the following steps were taken: • Create a new geometry scene, removing interface from the parts. • Click Derived Parts > New Part > Streamline, with the Inlet being the part's seed and 10x10 streamlines. • Use New Streamline Displayer with scalar Pressure. • Set Opacity of the geometry type displayers to 0.2.  Maximum propagation of the streamlines should be



increased from default value to make streamlines pass through entire domain. •



Select the Derived Parts > streamline > 2nd Order Integrator node and increase the Maximum Propagation property to 2.
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Summary  Mesh generation for multi-domain problems was detailed. • Make sure to have sufficient mesh resolution between blade tip and shrouding.  Guidelines for moving reference frame simulations were outlined. • Make sure outlet of rotating region is located where flow is roughly axisymmetric. (i.e. not in wake). • Make sure stationary walls in rotating regions have absolute zero rotation velocity specified.  Analysis setup and post processing techniques were described.
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Advanced STAR-CCM+ concepts Automation: Macros Batch running



349



Connecting and Disconnecting Disconnect client from server.  By closing the simulation.  Through File > Disconnect.



Connect from client to server.  Right click on the process in the server list.  Through File > Connect to Server… •



Allows connecting through ssh tunnels. The server locator uses port 8406.
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Client – Server across architectures If the client is on windows and the server is on Linux:  On the Linux machine, launch the server in batch.



alpha StarCCM+Training/Basics> starccm+ -batch elbow.sim Starting local server: /path/starccm+ -env gnu4.3 –server elbow.sim STAR-CCM+ Version 4.xx (linux-x86_64-2.2.5/gnu4.3) License version 28-nov-2008 Checking license file: 1999@kriftel ... Server::start alpha.int.cd-germany:54318 Loading simulation database: elbow.sim



 On the Windows machine, launch



the client and choose File > Connect to Server.  Choose the hostname and Scan Host.
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Automation using macros  STAR-CCM+ permits scripting through use of Java macros. A Java macro can



be recorded using the build tool bar that is located on top:



 The Java API can be accessed from the help menu:
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User exercise – Macro Example of using a macro – Car in a wind tunnel We have previously set up a simulation in the STAR-CCM+ workflow exercise. Load it again and add a maximum report of velocity magnitude at the outflow. Load simulation Car / windtunnel.sim. 2. Click on to start recording a new macro. 3. In the dialog box: 1.



Type the File Name maxReport. b. Disable Include graphics commands. c. Save. a.
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User exercise – Macro  If you don't want to record an action, click



.



 When you want to finish the recording, hit the stop button



.



Create Reports > New Report > Maximum. 2. Scalar Field Function: Velocity: Magnitude. 3. Parts: windtunnel: Outlet. 4. Right click Maximum 1 > Run Report. 1.



 Open and edit the macro file (maxReport.java) in a text editor.



Change the outlet boundary to the inlet boundary (see next page). 2. Save the file. 3. To play the macro again click . 4. Select maxReport.java and Open. 1.



›



A second maximum report is created.
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User exercise – Macro 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33



// STAR-CCM+ macro: maxReport.java package macro; import java.util.*; import star.common.*; import star.base.neo.*; import star.base.report.*; public class maxReport extends StarMacro { public void execute() { execute0(); } private void execute0() { Simulation simulation_0 = getActiveSimulation(); MaxReport maxReport_0 = simulation_0.getReportManager().createReport(MaxReport.class); PrimitiveFieldFunction primitiveFieldFunction_0 = ((PrimitiveFieldFunction) simulation_0.getFieldFunctionManager().getFunction("Velocity")); VectorMagnitudeFieldFunction vectorMagnitudeFieldFunction_0 = ((VectorMagnitudeFieldFunction) primitiveFieldFunction_0.getMagnitudeFunction()); maxReport_0.setScalar(vectorMagnitudeFieldFunction_0); Region region_0 = simulation_0.getRegionManager().getRegion("wind_tunnel"); Boundary boundary_0 = region_0.getBoundaryManager().getBoundary("Inlet"); maxReport_0.getParts().setObjects(boundary_0); maxReport_0.printReport(); } }
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Macros in batch execution If you would like to execute a java macro starting from an existing simulation file simname.sim, then issue the following command:  For a UNIX/LINUX based system: starccm+ –batch filename.java simname.sim  For Windows: starccm+.exe –batch filename.java simname.sim Additional batch options can be specified for parallel running, or running through a queue system. See the help documentation for more details.
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Macro course  You can register for a macro course on our website www.cd-adapco.com.  Home > Training > Multi-Day > JAVA™ Scripting - Process Automation.
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Advanced setup in STAR-CCM+ Turbo panel Fire and smoke modeling Option panel Exchange with FEA and other formats
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Turbo wizard The Turbo Wizard is an automatic meshing tool for quickly creating high-quality, turbo machinery meshes. Meshing a model in the turbo wizard is a stepwise process:
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Fire and smoke wizard The Fire and Smoke Wizard is an automatic physics settings tool for simulating the behavior of fire and smoke, including ventilation.



Drag and Drop
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Options panel  You can access to the options panel clicking on Tools in the menu bar and



selecting Options.



 In the panel you can adjust the settings of STAR-CCM+. • For click on Visualization and turn on the Annotate Scene Interaction option. • Go back in a scene, rotate the view and see what happens.
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Exchange with FEA and other external formats Within STAR-CCM+ you can:  Use ABAQUS co-simulation API.  Import an ABAQUS mesh: *.inp.  Map the STAR-CCM+ results on to the ABAQUS mesh.  Export data.  Similarly you can import *.ccm and *.trn files.



Solution Histories Solution Views
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Hints and tips Effective simulations Debugging
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Trying out new physics  Start small: test on an simple case first. • Run through tutorial case first to understand how to set up physics models. • Think of a simple example which you can use to validate your settings, e.g. radiation in a box.  Build up the physics gradually. • Run steady state then change to unsteady. • Run single phase then add in Lagrangian. • Run stationary then change to MRF or RBM.
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How to resolve problems? What if the case does not run as expected? What if the case diverges?  Check the model scale.  Check boundaries location and specification.  Check the mesh quality.  Visualize poor quality cells.



 Vary under-relaxation and / or Courant number.  Turn on additional storage.
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How to resolve problems? Check the model scale.  Use the ruler.



 And/or hit the “.” button.
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How to resolve problems? Check boundary location and specification. • E.g. placing a flow split boundary where there is recirculation. recirculation region :



development region :



developed region :



completely inaccurate here



Not too accurate



Well posed
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How to resolve problems? Check the mesh quality.  Global scale. Mesh density – is the mesh sufficiently dense in high gradient areas to adequately capture the flow features? • Mesh distribution – is the distribution of the mesh between high and low gradient areas optimal? • Near wall layers – does the mesh contain near wall layers for calculating turbulence and heat transfer effects? •



 Local scale (a cell). • Aspect Ratio – is the aspect ratio reasonable for the expected flow regime?



370



How to resolve problems?  Local scale (a cell) cont. • Y+ range - are the y+ values reasonable for the turbulence model selected? • Volume Ratio - is the ratio of a cell volume to its neighbor reasonable? • Skewness Angle - are the cell skewness angles extreme?



Note: Skewness Angle definition. Angle between the line connecting cell centroids and the face normal. STAR-CCM+ automatically clips the angle to 88 deg if value is larger.
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How to resolve problems? Turn on additional storage. This action retains temporary storage at the end of the iteration. Quantities like ap coefficient, cell residuals, corrections and cell gradients will become available as field functions during subsequent iterations.  Under the Solvers node,



click on each physics models, e.g. Segregated Flow, Segregated Energy... and tick the box Temporary Storage Retained in the Properties.
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How to resolve problems?  Run the simulation.  Check the quantities in the Field Functions



(you notice that the list is much longer).  Only turn on temporary storage for debugging purposes.  STAR-CCM+ requires more memory and storage space when retaining this data.
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How to resolve problems?  Any of the new field functions can be plotted, e.g. Momentum Residual in each



cell.
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Enhancements to the software What if a feature or function is missing?  Contact support, they can tell you if the feature is planned or to be implemented.  Submit your idea for an enhancement in the IdeaStorm section of the user portal Steve. https://cd-adapco.secure.force.com/index/Site_Login
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Enhancements to the software  A new version with plenty of new features is released every 4 months.  To find these new features in your version of STAR-CCM+ click Help > New



Features… in the toolbar.
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CD-adapco training goes online  For all trainings you attend you get online access to input files and presentation



through the Training Center on User Services.  Visit http://support.cd-adapco.com to find this material under Past Courses. •



Please fill in our online training feedback form that is located there too.
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Appendix A Available surface import formats Available Physics in STAR-CCM+
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Surface Import – Meshed Data Format



File Extensions



Binary ASCII



Feature Curves



Multi Region



Boundary Names



Binary



Yes



Yes



Yes



Database



.dbs



Cell/Vert/Inp



.cell/.vrt/.inp



Both



Yes



Yes



Yes



NASTRAN



.nas



ASCII



Yes



Yes



Yes



PATRAN



.pat, .ntl, .neu



ASCII



No



Yes



Yes



STL



.stl, .STL



Both



No



Yes



No



FELISA



.fro



Both



No



Yes



Yes



Medina



.bif



Binary



No



Yes



Yes
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Surface Import – CAD Data Neutral Format



File Extensions



Supported Versions



Binary ASCII



Feature Curves



Multi Region



Boundary Names



IGES



.igs/.iges



Up to 5.3



ASCII



No



Yes



No



STEP



.stp/.step



AP 203, AP 214



ASCII



No



Yes



Yes



VDA (CAD Exchange license)



.vda



1.0 & 2.0



ASCII



No



Yes



Yes



Parasolid



.x_t/.x_b



Up to v24



Both



No



Yes



Yes



Native CAD Data



CAD Exchange license



Supported Version



Catia V4



.model, .exp, .session



Up to 4.2.5



Catia V5



.CATPart, .CATProduct



Up to R20



Pro/ENGINEER



.prt, .asm



Up to Wildfire 5



SolidWorks



.sldprt, .sldasm



Up to 2011



UniGraphics NX



.prt



Up to NX 7.5



CAD Exchange license



JTOpen Reader



File Extensions



Tesselated Format



File Extensions



Supported Versions



Autodesk Inventor



.ipt, .iam



Up to 2012



CATIA Graphics Representation



.cgr



Up to R20



3D XML



.3dxml



JT Open



.jt



Up to 9.5



381



What is available? Space.  Axisymmetric. •



Fully two dimensional mesh with axis at y=0. • Solver assumes angle sweep of 1 radian.  Two-Dimensional. • Fully two dimensional mesh: not one cell thick. • Solver assumes third dimension of 1m. • Mesh can be converted to 2D in STAR-CCM+.  Three-Dimensional.  Shell Three Dimensional. • Volume in space whose thickness is sufficiently small that it can be considered as a surface with a single cell’s thickness in the normal direction. • Used for heat conduction and fluid films.
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What is available? Time.  Steady. •



Iterates to converged solution.



 Explicit unsteady. • Available for coupled solver only.  Implicit unsteady. • Available for both segregated and coupled solvers.
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What is available? Harmonic Balance.  Rotational geometries. •



Turbomachinery applications.



 Flow is solved in the frequency domain. • Solve steady and perturbation solutions simultaneously. • More computationally efficient than time unsteady and linear frequency approaches.  Flutter implementation. • Blade modes calculated from structures code, then blade distortions imposed via moving mesh.
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What is available? Motion.  Stationary. •



No part of the geometry is moving.



 Moving Reference Frame (MRF, Steady). • Frozen rotor: region does not move, but forces due to motion are applied.  Rigid Body motion (RBM, Transient). • One or more regions moving with a prescribed motion. • e.g. Fan, conveyor belt.  Morpher (Transient). • One part of the geometry moves relative to the rest of the domain. • Motion can be specified e.g. Oscillation. • Mesh deforms to accommodate body motion.
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What is available? Motion.  Dynamic Fluid Body Interaction (DFBI, transient). •



One part of the geometry moves relative to the rest of the domain. • Motion is caused by the fluid flow around the object. • Can be used in combination with the Morpher.  Overset Mesh (steady, transient). • Background mesh containing the far-field flow domain. • Overlapping mesh surrounding the body of interest. • Separate meshes enclosing each body. ‒ ‒



•



No need for conformal meshing. No need for regions to be conformally linked.



The regions overlap and flow-field information is passed between them.
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What is available? Flow and Energy.  Gas, liquid, solid and porous media modeling.  Conjugate heat transfer.  Radiator type heat exchanger.  Fan curve adjusted momentum source.
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What is available? Turbulence.  Reynolds-Averaged Navier-Stokes. •



Spalart-Allmaras. • K-Epsilon. • K-Omega. • Reynolds Stress Transport.  Large Eddy Simulation. •



Smagorinsky Subgrid Scale. • Wale Model.  Detached Eddy Simulation.
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What is available? Wall treatments.  Choice between: •



Low y+. • High y+. • All y+.  Boundary layer transition in k-ω SST.  Turbulence suppression for other RANS models.
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What is available? Multi-Phase Flow.  VOF.  Phase change. •



Cavitation. • Boiling. • Melting and Solidification.  Defogging and Deicing. •



Simulate phase change on surfaces.



390



What is available? Radiation.  Surface-to-surface.  Participating media.  Thermal.  Solar.  View factors, including support for baffles and symmetric boundaries.  Fully parallel.
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What is available? Combustion.  Eddy Break Up (EBU).  Coherent Flame (CFM).  Partially-Premixed Coherent Flame (PCFM).  Presumed Probability Density Function (PPDF), adiabatic and nonadiabatic.  Ignitors.  Link to DARS for complex chemistry.
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What is available? Additional physics.  Lagrangian (particle) modeling.  Discrete Element Modeling.  Passive scalars.  Multiple species. •



Reacting or non-reacting.



 Gravity. •



Buoyancy effects taken into account.



Any region can include a source of:  Energy.  Momentum.  Scalar species.  Turbulence. 393



Reference Guide
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GUI



Graphics Display Area



Explorer File system/ Server list



Properties



Feedback window
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Mouse and Keyboard Controls Mouse button



Action



Left



Rotate



Middle / Wheel



Zoom



Right



Pan



CTRL + Left



Rotates around axis normal to the screen



Hotkey



Action



.



Probe



R



Reset



T



Top View



S



Side View



F



Front View



H



Fit in View
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Toolbars System Toolbar Edit Toolbar Macro Toolbar Mesh Generation Toolbar Solution Toolbar



Vis Toolbar Plot Toolbar Animation Toolbar 3D-CAD Toolbar Selection Toolbar
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Objects Right click on an object to view the possible options.



Empty folder Folder can further be opened by clicking



Folder fully opened
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