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Preface

The Contents of This Manual

The FLUENT Getting Started Guide gives you a basic overview of Fluent Inc., as well as
highlights of the features of FLUENT and how to get started using it.

The Contents of the Other Manuals

In addition to this Getting Started Guide, there are several other manuals available to
help you use FLUENT and its associated programs:

• The User’s Guide contains detailed information about how to use FLUENT, in-
cluding information about the user interface, reading and writing files, defining
boundary conditions, setting up physical models, calculating a solution, and ana-
lyzing your results.

• The Tutorial Guide contains a number of example problems with detailed instruc-
tions, commentary, and postprocessing of results.

• The UDF Manual contains information about writing and using user-defined func-
tions (UDFs).

• The Text Command List provides a brief description of each of the commands in
FLUENT’s text interface.

• The GAMBIT manuals teach you how to use the GAMBIT preprocessor for geometry
creation and mesh generation.

Typographical Conventions

An informational icon ( i ) marks an important note.

Technical Support

If you encounter difficulties while using FLUENT, please first refer to the section(s) of
the manuals containing information on the commands you are trying to use or the type
of problem you are trying to solve. The product documentation is available from the
online help, on the documentation CD, or from the Fluent Inc. User Services Center
(www.fluentusers.com).
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Preface

If you encounter an error, please write down the exact error message that appeared
and note as much information as you can about what you were doing in FLUENT.
Then refer to the following resources available on the Fluent Inc. User Services Cen-
ter (www.fluentusers.com):

• Installation and System FAQs—a link is available from the main page on the User
Services Center. The FAQs can be searched by word or phrase, and are available
for general installation questions as well as for product questions.

• Known Defects for FLUENT—a link is available from the product page. The defects
can be searched by word or phrase, and are listed by categories.

• Online Technical Support—a link is available from the main page on the User
Services Center. From the Online Technical Support Portal page, there is a link to
the Search Solutions & Request Support page, where the solutions can be searched
by word or phrase and where you have the ability to enter a Change Request.

The User Services Center also provides online forums, where you can discuss topics of
mutual interest and share ideas and information with other Fluent users, and provides
the ability to sign up for e-mail notifications on our latest product releases.

Contacting Technical Support

If none of the resources available on the User Services Center help in resolving the prob-
lem, or you have complex modeling projects, we invite you to call your support engineer
for assistance. However, there are a few things that we encourage you to do before calling:

• Note what you are trying to accomplish with FLUENT.

• Note what you were doing when the problem or error occurred.

• Save a journal or transcript file of the FLUENT session in which the problem oc-
curred. This is the best source that we can use to reproduce the problem and
thereby help to identify the cause.

2 c© Fluent Inc. October 12, 2006



Chapter 1. Introduction to Fluent Inc.

Fluent is the world’s largest provider of commercial computational fluid dynamics (CFD)
software and services. Fluent offers general-purpose CFD software for a wide range of in-
dustrial applications, along with highly automated, specifically focused packages. Fluent
also offers CFD consulting services to customers worldwide. The staff at Fluent con-
sists mostly of individuals with highly technical backgrounds as applied CFD engineers.
In addition, Fluent employs experts in computational methods, mesh generation, and
software development.

Fluent’s clients are the market leaders and the largest companies in industries such as
automotive, aerospace, chemical and materials processing, power generation, biomedical,
HVAC, and electronics.

Fluent is committed to furthering the body of knowledge on CFD, and to improving the
effectiveness of computer modeling as a design and analysis tool in general. We invest in
both internal research and development, and participate in collaborations with leading
academic establishments, governments, and industry groups. We continue to explore
and implement strategic alliances with both hardware and software providers to achieve
greater synergy and efficiency for our customers.

Fluent’s mission has been clear from the beginning: to work closely with customers to
understand their fluid-flow challenges, to provide both software and services tailored to
their needs, and to continually measure our success as a function of theirs. As a result
of our continuing efforts to fulfill our mission, we have enjoyed outstanding user loyalty
throughout our history.
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Chapter 2. Introduction to FLUENT

FLUENT is a state-of-the-art computer program for modeling fluid flow and heat trans-
fer in complex geometries. FLUENT provides complete mesh flexibility, including the
ability to solve your flow problems using unstructured meshes that can be generated
about complex geometries with relative ease. Supported mesh types include 2D trian-
gular/quadrilateral, 3D tetrahedral/hexahedral/pyramid/wedge/polyhedral, and mixed
(hybrid) meshes. FLUENT also allows you to refine or coarsen your grid based on the
flow solution.

FLUENT is written in the C computer language and makes full use of the flexibility and
power offered by the language. Consequently, true dynamic memory allocation, efficient
data structures, and flexible solver control are all possible. In addition, FLUENT uses a
client/server architecture, which allows it to run as separate simultaneous processes on
client desktop workstations and powerful compute servers. This architecture allows for
efficient execution, interactive control, and complete flexibility between different types of
machines or operating systems.

All functions required to compute a solution and display the results are accessible in
FLUENT through an interactive, menu-driven interface.

2.1 Program Structure

Your FLUENT package includes the following products:

• FLUENT, the solver.

• GAMBIT, the preprocessor for geometry modeling and mesh generation.

• TGrid, an additional preprocessor that can generate volume meshes from existing
boundary meshes.

• Filters (translators) for import of surface and volume meshes from CAD/CAE
packages such as ANSYS, CGNS, I-deas, NASTRAN, PATRAN, and others.

c© Fluent Inc. October 12, 2006 2-1



Introduction to FLUENT

Figure 2.1.1 shows the organizational structure of these components.

GAMBIT

 − 2D/3D mesh generation
 − geometry setup

 − mesh import and adaption
 − physical models
 − boundary conditions
 − material properties
 − calculation
 − postprocessing

FLUENT

 − 2D triangular mesh
 − 3D tetrahedral mesh
 − 2D or 3D hybrid mesh

TGRID

Boundary
Mesh

Boundary and/or
Volume Mesh

Geometry 
or Mesh

Other CAD/CAE Packages

2D/3D Mesh

Mesh

Mesh

Figure 2.1.1: Basic Program Structure

i Note that a “grid” is the same thing as a “mesh”; the two words are used
interchangeably throughout the documentation.

You can create your geometry and mesh using GAMBIT. See the GAMBIT documentation
for details. You can also use TGrid to generate a triangular, tetrahedral, or hybrid
volume mesh from an existing boundary mesh (created by GAMBIT or a third-party
CAD/CAE package). See the TGrid User’s Guide for details. It is also possible to
create meshes for FLUENT using ANSYS, CGNS (CFD general notation system), I-deas
(SDRC), MSC/ARIES, MSC/PATRAN, or MSC/NASTRAN. Interfaces to other CAD/CAE
packages may be made available in the future, based on customer requirements, but most
CAD/CAE packages can export meshes in one of the above formats.

Once a mesh has been read into FLUENT, all remaining operations are performed within
FLUENT. These include setting boundary conditions, defining fluid properties, executing
the solution, refining the mesh, and viewing and postprocessing the results.
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2.1 Program Structure

The FLUENT serial solver manages file input and output, data storage, and flow field
calculations using a single solver process on a single computer. FLUENT also uses a
utility called cortex that manages FLUENT’s user interface and basic graphical functions.
FLUENT’s parallel solver allows you to compute a solution using multiple processes that
may be executing on the same computer, or on different computers in a network.

Parallel processing in FLUENT involves an interaction between FLUENT, a host process,
and a set of compute-node processes. FLUENT interacts with the host process and the
collection of compute nodes using the cortex user interface utility.

Figures 2.1.2 and 2.1.3 illustrate the serial and parallel FLUENT architectures.

Solver

CORTEX

Data:
Cell
Face
Node

File Input/Output
Disk

Figure 2.1.2: Serial FLUENT Architecture

Compute Node 0

Socket

HOST

CORTEX

COMPUTE NODES

Compute Node 2 Compute Node 3

Compute Node 1

File Input/Output
Disk

Data:
Cell
Face
Node FLUENT

MPI
FLUENT

MPI

FLUENT
MPI

FLUENT
MPI

Data:
Cell
Face
Node

Data:
Cell
Face
Node

Data:
Cell
Face
Node

MP

FLUENT
MPI

Figure 2.1.3: Parallel FLUENT Architecture

For more information about FLUENT’s parallel processing capabilities, please refer to the
User’s Guide.
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2.2 Program Capabilities

The FLUENT solver has the following modeling capabilities:

• 2D planar, 2D axisymmetric, 2D axisymmetric with swirl (rotationally symmetric),
and 3D flows

• Quadrilateral, triangular, hexahedral (brick), tetrahedral, prism (wedge), pyramid,
polyhedral, and mixed element meshes

• Steady-state or transient flows

• Incompressible or compressible flows, including all speed regimes (low subsonic,
transonic, supersonic, and hypersonic flows)

• Inviscid, laminar, and turbulent flows

• Newtonian or non-Newtonian flows

• Heat transfer, including forced, natural, and mixed convection, conjugate (solid/fluid)
heat transfer, and radiation

• Chemical species mixing and reaction, including homogeneous and heterogeneous
combustion models and surface deposition/reaction models

• Free surface and multiphase models for gas-liquid, gas-solid, and liquid-solid flows

• Lagrangian trajectory calculation for dispersed phase (particles/droplets/bubbles),
including coupling with continuous phase and spray modeling

• Cavitation model

• Phase change model for melting/solidification applications

• Porous media with non-isotropic permeability, inertial resistance, solid heat con-
duction, and porous-face pressure jump conditions

• Lumped parameter models for fans, pumps, radiators, and heat exchangers

• Acoustic models for predicting flow-induced noise

• Inertial (stationary) or non-inertial (rotating or accelerating) reference frames

• Multiple reference frame (MRF) and sliding mesh options for modeling multiple
moving frames

• Mixing-plane model for modeling rotor-stator interactions, torque converters, and
similar turbomachinery applications with options for mass conservation and swirl
conservation

2-4 c© Fluent Inc. October 12, 2006



2.3 FLUENT Documentation

• Dynamic mesh model for modeling domains with moving and deforming mesh

• Volumetric sources of mass, momentum, heat, and chemical species

• Material property database

• Extensive customization capability via user-defined functions

• Dynamic (two-way) coupling with GT-Power and WAVE

• Magnetohydrodynamics (MHD) module (documented separately)

• Continuous fiber module (documented separately)

• Fuel cell modules (documented separately)

• Population balance module (documented separately)

FLUENT is ideally suited for incompressible and compressible fluid-flow simulations in
complex geometries. FLUENT’s parallel solver allows you to compute solutions for cases
with very large meshes on multiple processors, either on the same computer or on different
computers in a network. Fluent Inc. also offers other solvers that address different flow
regimes and incorporate alternative physical models. Additional CFD programs from
Fluent Inc. include Airpak, FIDAP, FloWizard, Icepak, MixSim, and POLYFLOW.

2.3 FLUENT Documentation

FLUENT’s integrated help system gives you access to the FLUENT documentation through
HTML files, which can be viewed with your standard web browser (e.g., Netscape,
Mozilla, or Internet Explorer). For printing, Adobe Acrobat PDF versions of the manu-
als are also provided. This section describes how to access the FLUENT documentation
outside of FLUENT (i.e., not through the FLUENT on-line help utility). See the User’s
Guide for information about accessing the documentation through FLUENT.

To view the documentation, you can use either the HTML or the PDF files, either in
the installation area or on the documentation CD. You will also need a web browser.
If you do not have one, contact your Fluent support engineer and ask for the Netscape
Communicator CD-ROM. FLUENT documentation is also available on the Fluent Inc.
User Services Center (www.fluentusers.com).

i The comments in this section about accessing files in the installation area
assume that all files on the documentation CD have been installed. If the
files you are looking for are not in the installation area, you will need to
install them or access them directly from the CD.
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2.3.1 Accessing the FLUENT Documentation

You can access the FLUENT documentation directly from the CD or, if the files have been
installed in your Fluent Inc. installation area, you can also access them there. See the
separate installation instructions for your platform type for information about installing
the files from the documentation CD.

How to Access the Documentation Files in the Installation Area

If the HTML and/or the PDF files on the documentation CD have been installed, you
can view the documentation by pointing your browser to:

path/Fluent.Inc/fluent6.3/help/index.htm

where Fluent.Inc is the directory in which FLUENT has been installed, and you must
replace path by the path to the directory where Fluent.Inc is located.

This will bring up the FLUENT documentation “home” page (Figure 2.3.1), from which
you can select the HTML or PDF version of the particular FLUENT manual you want to
view. For large manuals, PDF files are provided for the individual chapters in addition
to a single PDF file for the entire manual.
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Figure 2.3.1: The FLUENT Documentation Home Page
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How to Access the Documentation on the CD

The procedure for viewing the manuals directly on the CD differs slightly for UNIX and
Windows systems.

• For UNIX systems, you can view the manuals by inserting the CD into your CD-
ROM drive and pointing your browser to the following file:

/cdrom/fluent6.3/help/index.htm

where cdrom must be replaced by the name of your CD-ROM drive.

• For Windows systems, you can view the manuals by inserting the CD into your
CD-ROM drive and pointing your browser to the following file:

cdrom:\fluent6.3\help\Index.htm

where cdrom must be replaced by the drive letter of your CD-ROM drive (e.g., E).

This will bring up the FLUENT documentation “home” page (Figure 2.3.1), from which
you can select the HTML or PDF version of the particular FLUENT manual you want to
view. For large manuals, PDF files are provided for the individual chapters in addition
to a single PDF file for the entire manual.

2.3.2 Using the PDF Documentation

The PDF files are appropriate for viewing and printing with Adobe Acrobat Reader,
which is available for most UNIX and Windows systems. These files are distinguished
by a .pdf suffix in their file names.

If you do not have Adobe Acrobat Reader, you can download it (at no cost) from
www.adobe.com.

Navigating the PDF Files

For the purpose of easier on-line document navigation, the PDF files contain hyperlinks
in the table of contents and index. In addition, hyperlinks have been applied to all
cross-references to chapters, sections, figures, tables, bibliography, and index entries.
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2.3 FLUENT Documentation

Printing the PDF Files

Adobe Acrobat PDF files are provided for printing all or part of the manuals. While you
can also print individual HTML pages from your browser, the PDF files are recommended
when printing long sections since the printout will have a higher quality.

Note that you can select the paper size to which you are printing in Adobe Acrobat
Reader by selecting the File/Print Setup... menu item and choosing the desired Paper
size. If the page is too large to fit on your paper size, you can reduce it by selecting the
File/Print... menu item and choosing the Reduce to Printer Margins option under Page
Scaling.

2.3.3 Using the HTML Documentation

Electronic versions of the FLUENT documentation are provided in HTML format. These
files can be viewed using a standard web browser. To make it easier for you to find
the information you need, there are many built-in navigation tools available as well as
printing options and other viewing options. The following sections describe the various
options available to you when you are using the HTML documentation.

Navigating the HTML Files

When you are viewing the HTML version of a manual in your browser, a set of navigation
buttons appear at the upper right and lower right corners of the HTML page, as shown
in Figure 2.3.2.

Figure 2.3.2: Navigation Buttons

The navigation buttons are as follows:

Search displays a full text search popup window (Figure 2.3.3).

Return to Home takes you to the FLUENT documentation home page (Figure 2.3.1).

Index takes you to the index for the manual.

Contents takes you to the table of contents for the manual.

Previous takes you to the page just before the current one in the manual. Note that
this is not the same function as the “Back” button of your browser.

c© Fluent Inc. October 12, 2006 2-9



Introduction to FLUENT

Up takes you to the first page of the current manual division (chapter or section).

Next takes you to the next page in the manual. Note that this is not the same function
as the “Forward” button of your browser.

Note that these buttons do not necessarily appear on all pages. Sometimes they appear
but are inactive; in such cases they are “grayed out”, as the Previous and Up buttons are
in Figure 2.3.2.

Finding Information in the HTML Files

Three tools are available to help you find the information you are looking for in an HTML
version of a manual:

Index

The index gives an alphabetical list of keywords, each linked to relevant sections of the
manual. You can access the index by clicking the Index button that appears at the top
and bottom of the page. Note that the Index button does not appear if the manual does
not have an index.

In a larger manual, the index is split into a number of pages, each containing keywords
starting with a particular letter; in this case, the Index button will take you to the “A”
index page.

Table of Contents

The table of contents gives a list of the titles of the chapters, sections, and subsections of
the manual in the order in which they appear. Each title is linked to the corresponding
chapter or section. You can access the table of contents by clicking the Contents button
that appears at the top and bottom of the page. Note that the Contents button does not
appear if the manual does not have a table of contents.

Browser Search

The full text search engine (Figure 2.3.3) allows you to search the HTML manual for
either single or multiple keywords. You can access the full text search engine by clicking
the Search button that appears at the top of the page. To display the popup window
and use the search engine, Javascript should be enabled in your web browser. Note that
the Javascript search engine has been optimized for Netscape 4.7 and later, and Internet
Explorer 5.5 and later.
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To use the search engine, enter a specific term or keyword(s) in the text field and click the
Search button. By default, the search engine will look for pages that contain any keyword
input (Boolean OR). If you insert a + before the keyword input, then the search engine
will look for pages that contain all of the keywords provided in the text field (Boolean
AND). Search results appear in the lower half of the search engine popup window. When
search results extend below the bottom edge of the window, you can access those results
by selecting the lower portion of the window and pressing the <Page Down> button on
the keyboard in order to activate scroll bars in the window.

Figure 2.3.3: The Full Text Search Engine

You can also use the search capability provided by your browser to find words or expres-
sions on a single page. For example, you can use the Edit/Find in Page... menu item in
Netscape Communicator to search for the word “turbulence” on a page of the manual.
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Printing Portions of a Manual

Although you can print pages of an HTML version of a manual from your browser, a
printout with higher quality can be obtained by using the PDF files provided on your
documentation CD. See Section 2.3.2: Printing the PDF Files for details.

Modifying the Appearance of the HTML Files

There are a few things that you might want to change about the way your browser
displays the HTML files in order to increase their usefulness.

Font Size

The absolute size of the text that you see when viewing your FLUENT documentation is
dependent on a number of factors, including the resolution of your monitor screen. You
can adjust the text size by changing the default font size in the preferences menu of your
browser. In Netscape Communicator, for example, select the Edit/Preferences... menu
item and then choose the Appearance category, where you will find the Fonts controls. In
Internet Explorer, you can change the font size by selecting an option from the View/Text
Size menu. Try several sizes to see the effect on the appearance of the manuals, and choose
the one that is best for you.

Page Width

While reading a manual, you may find a figure that is wider than your browser’s window.
As a result, part of the figure will be hidden from view. To see all of the figure, you can
use the horizontal scroll bar at the bottom of your browser’s window, or increase your
browser’s window size.

You might also want to adjust the window size to increase or decrease the page width to
a comfortable reading width.

Tool Tips

When viewing the manuals with certain browsers, information about a figure will be
displayed if you put your cursor over it. However, this information is not meaningful
for most users, and you might find it somewhat distracting. On some browsers, you can
disable the display of “Tool Tips” in the preferences menu.
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Chapter 3. Basic Steps for CFD Analysis using FLUENT

Before you begin your CFD analysis using FLUENT, careful consideration of the following
issues will contribute significantly to the success of your modeling effort. Also, when you
are planning a CFD project, be sure to take advantage of the customer support provided
to all FLUENT users.

3.1 Steps in Solving Your CFD Problem

Once you have determined the important features of the problem you want to solve,
follow the basic procedural steps shown below.

1. Define the modeling goals.

2. Create the model geometry and grid.

3. Set up the solver and physical models.

4. Compute and monitor the solution.

5. Examine and save the results.

6. Consider revisions to the numerical or physical model parameters, if necessary.

Step 2 of the solution process requires a geometry modeler and grid generator. You can
use GAMBIT or a separate CAD system for geometry modeling and grid generation. You
can also use TGrid to generate volume grids from surface grids imported from GAMBIT or
a CAD package. Alternatively, you can use supported CAD packages to generate volume
grids for import into TGrid or into FLUENT (see the User’s Guide). For more information
on creating geometry and generating grids using each of these programs, please refer to
their respective manuals.

The details of the remaining steps are covered in the User’s Guide.
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Basic Steps for CFD Analysis using FLUENT

3.2 Planning Your CFD Analysis

For each of the problem-solving steps, there are some questions that you need to consider:

• Defining the Modeling Goals

– What results are you looking for, and how will they be used?

∗ What are your modeling options?

∗ What physical models will need to be included in your analysis?

∗ What simplifying assumptions do you have to make?

∗ What simplifying assumptions can you make?

∗ Do you require a unique modeling capability?

· Could you utilize user-defined functions (written in C)?

– What degree of accuracy is required?

– How quickly do you need the results?

– How will you isolate a piece of the complete physical system?

– Where will the computational domain begin and end?

∗ Do you have boundary condition information at these boundaries?

∗ Can the boundary condition types accommodate that information?

∗ Can you extend the domain to a point where reasonable data exists?

– Can it be simplified or approximated as a 2D or axisymmetric problem?

• Creating Your Model Geometry and Grid

FLUENT uses unstructured meshes in order to reduce the amount of time you
spend generating meshes, to simplify the geometry modeling and mesh generation
process, to allow modeling of more complex geometries than you can handle with
conventional, multi-block structured meshes, and to let you adapt the mesh to
resolve the flow-field features. FLUENT can also use body-fitted, block-structured
meshes (e.g., those used by FLUENT 4 and many other CFD solvers). FLUENT is
capable of handling triangular and quadrilateral elements (or a combination of the
two) in 2D, and tetrahedral, hexahedral, pyramid, wedge, and polyhedral elements
(or a combination of these) in 3D. This flexibility allows you to pick mesh topologies
that are best suited for your particular application, as described in the User’s Guide.

You can adapt all types of meshes (except for polyhedral) in FLUENT in order to
resolve large gradients in the flow field, but you must always generate the initial
mesh (whatever the element types used) outside of the solver, using GAMBIT, TGrid,
or one of the CAD systems for which mesh import filters exist.
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3.2 Planning Your CFD Analysis

The following questions should be considered when you are generating a mesh:

– Can you benefit from other Fluent Inc. products such as MixSim, Icepak, or
Airpak?

– Can you use a quad/hex grid or should you use a tri/tet grid or hybrid grid?

∗ How complex is the geometry and flow?

∗ Will you need a non-conformal interface?

– What degree of grid resolution is required in each region of the domain?

∗ Is the resolution sufficient for the geometry?

∗ Can you predict regions with high gradients?

∗ Will you use adaption to add resolution?

– Do you have sufficient computer memory?

∗ How many cells are required?

∗ How many models will be used?

• Setting Up the Solver and Physical Models

For a given problem, you will need to:

– Import and check the grid.

– Select the numerical solver (e.g., density based, pressure based, unsteady, etc.).

– Select appropriate physical models.

∗ Turbulence, combustion, multiphase, etc.

– Define material properties.

∗ Fluid

∗ Solid

∗ Mixture

– Prescribe operating conditions.

– Prescribe boundary conditions at all boundary zones.

– Provide an initial solution.

– Set up solver controls.

– Set up convergence monitors.

– Initialize the flow field.
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• Computing and Monitoring Your Solution

– The discretized conservation equations are solved iteratively.

∗ A number of iterations are usually required to reach a converged solution.

– Convergence is reached when:

∗ Changes in solution variables from one iteration to the next are negligible.

· Residuals provide a mechanism to help monitor this trend.

∗ Overall property conservation is achieved.

– The accuracy of a converged solution is dependent upon:

∗ Appropriateness and accuracy of physical models.

∗ Grid resolution and independence.

∗ Problem setup.

• Examining and Saving Your Results

Examine the results to review solution and extract useful data.

– Visualization tools can be used to answer such questions as:

∗ What is the overall flow pattern?

∗ Is there separation?

∗ Where do shocks, shear layers, etc. form?

∗ Are key flow features being resolved?

– Numerical reporting tools can be used to calculate the following quantitative
results:

∗ Forces and moments

∗ Average heat transfer coefficients

∗ Surface and volume integrated quantities

∗ Flux balances

• Revising Your Model

Once your solution is converged, the following questions should be considered when
you are analyzing the solution:

– Are physical models appropriate?

∗ Is flow turbulent?

∗ Is flow unsteady?

∗ Are there compressibility effects?

∗ Are there 3D effects?
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3.2 Planning Your CFD Analysis

– Are boundary conditions correct?

∗ Is the computational domain large enough?

∗ Are boundary conditions appropriate?

∗ Are boundary values reasonable?

– Is grid adequate?

∗ Can grid be adapted to improve results?

∗ Does solution change significantly with adaption, or is the solution grid
independent?

∗ Does boundary resolution need to be improved?
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Chapter 4. Guide to a Successful Simulation Using
FLUENT

The following guidelines can help you make sure your CFD simulation is a success. Before
contacting your technical support engineer, make sure you do the following:

1. Examine the quality of the mesh.

There are two basic things that you should do before you start a simulation:

• Perform a grid check to avoid problems due to incorrect mesh connectivity,
etc.

• Look at maximum cell skewness (e.g., using the Compute button in the Con-
tours panel). As a rule of thumb, the skewness should be below 0.98.

If there are mesh problems, you may have to re-mesh the problem.

2. Scale the grid and check length units.

In FLUENT, all physical dimensions are initially assumed to be in meters. You
should scale the grid accordingly. Other quantities can also be scaled independent
of other units used. FLUENT defaults to SI units.

3. Employ the appropriate physical models.

4. Set the energy under-relaxation factor between 0.95 and 1.

For problems with conjugate heat transfer, when the conductivity ratio is very high,
smaller values of the energy under-relaxation factor practically stall the convergence
rate.

5. Use node-based gradients with unstructured tetrahedral meshes.

The node-based averaging scheme is known to be more accurate than the default
cell-based scheme for unstructured meshes, most notably for triangular and tetra-
hedral meshes.

6. Monitor convergence with residuals history.

Residual plots can show when the residual values have reached the specified tol-
erance. After the simulation, note if your residuals have decreased by at least 3
orders of magnitude to at least 10−3. For the pressure-based solver, the scaled
energy residual must decrease to 10−6. Also, the scaled species residual may need
to decrease to 10−5 to achieve species balance.
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You can also monitor lift, drag, or moment forces as well as pertinent variables or
functions (e.g., surface integrals) at a boundary or any defined surface.

7. Run the CFD simulation using second order discretization for better accuracy
rather than a faster solution.

A converged solution is not necessarily a correct one. You should use the second-
order upwind discretization scheme for final results.

8. Monitor values of solution variables to make sure that any changes in the solution
variables from one iteration to the next are negligible.

9. Verify that property conservation is satisfied.

After the simulation, note if overall property conservation has been achieved. In
addition to monitoring residual and variable histories, you should also check for
overall heat and mass balances. At a minimum, the net imbalance should be less
than 1% of smallest flux through domain boundary.

10. Check for grid dependence.

You should ensure that the solution is grid-independent and use grid adaption to
modify the grid or create additional meshes for the grid-independence study.

11. Check to see that the solution makes sense based on engineering judgment.

If flow features do not seem reasonable, you should reconsider your physical models
and boundary conditions. Reconsider the choice of the boundaries location (or the
domain). An inadequate choice of domain (especially the outlet boundary) can
significantly impact solution accuracy.

You are encouraged to collaborate with your technical support engineer in order to de-
velop a solution process that ensures good results for your specific application. This type
of collaboration is a good investment of time for both yourself and the FLUENT support
engineer.
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Chapter 5. The User Interface

The user interface to FLUENT consists of a graphical interface with pull-down menus,
panels, and dialog boxes, as well as a textual command line interface (described in the
User’s Guide).

5.1 GUI Components

FLUENT’s graphical user interface (GUI) is made up of four main components: a console
window, control panels, dialog boxes, and graphics windows. When you use the GUI, you
will be interacting with one of these components at all times. Figure 5.1.1 is a sample
screen shot showing all of the GUI components. The four GUI components are described
below.

Graphics Window

Panel

Dialog Box

Console

Figure 5.1.1: FLUENT GUI Components
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5.2 Console

The FLUENT Console is the main window that controls the execution of the program.
When using the Console to interact with FLUENT, you have a choice between a text user
interface (TUI) and a graphical user interface (GUI). The Console contains a terminal
emulator for the TUI and a menu bar for the GUI. An overview of the GUI is described
in this chapter, while a more detailed description of the GUI is located in the User’s
Guide. For more information about using the TUI, see the User’s Guide as well.

Menu Bar

Terminal Emulator

Figure 5.2.1: The Console

5.2.1 Terminal Emulator

The terminal emulator is similar in behavior to “xterm” or other Linux/UNIX command
shell tools, or to the Command Prompt window on Windows systems. It allows you to
interact with the text command interface (TUI).

All textual output from the program (e.g., error messages) is printed in the terminal
emulator, and all typing is displayed on the bottom line. As the number of text lines
grows, the lines will be scrolled off the top of the window. The scroll bar on the right
allows you to go back and look at the preceding text.

The terminal emulator accepts <Control-C> to let you interrupt the program while it
is working. It also lets you perform text copy and paste operations between the Console
and other X Window (or Windows) applications that support copy and paste.
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5.3 Dialog Boxes

5.2.2 Menu Bar

The menu bar organizes the GUI menu hierarchy using a set of pull-down menus. A
pull-down menu contains items that perform commonly executed actions. Figure 5.2.2
shows the FLUENT menu bar. Menu items are arranged to correspond to the typical
sequence of actions that you perform in FLUENT (i.e., from left to right and from top to
bottom).

Figure 5.2.2: The FLUENT Menu Bar

In addition to using the mouse, you can also select a pull-down menu item using the
keyboard. Each pull-down menu label or menu item contains one underlined character,
known as the mnemonic. Pressing the <Alt> key plus the mnemonic character of a pull-
down menu will display the menu. Once the pull-down menu is selected and displayed,
you can type a mnemonic character associated with an item to select that item. If at
any time you wish to cancel a menu selection while a pull-down menu is posted, you can
press the <Esc> key. For example, to display the Help menu and select the Using Help...
option, press <Alt> h, then h.

A pull-down menu item may also have an accelerator key associated with it. An accel-
erator key can be used to select a menu item without displaying the pull-down menu. If
a menu item has an associated accelerator key, the key will be shown to the right of the
item. For example, if a pull-down menu contains the item Iterate... Ctrl+I, you can select
this item by holding down the <Ctrl> key and pressing the “I” key.

5.3 Dialog Boxes

Dialog boxes are used to perform simple input/output tasks, such as issuing warning and
error messages, or asking a question requiring a yes or no answer.

The following describes each type of dialog box:

• The Information dialog box is used to report some information that FLUENT thinks
you should know. Once you have read the information, you can click the OK button
to close the dialog box.

• The Warning dialog box is used to warn you of a potential problem and ask you
whether or not you want to proceed with the current operation. If you click the OK
button, the operation will proceed. If you click the Cancel button, the operation
will be canceled.
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• The Error dialog box is used to alert you of an error that has occurred. Once you
have read the error information, you can click the OK button to close the dialog
box.

• The Working dialog box is displayed when FLUENT is busy performing a task. This
is a special dialog box, because it requires no action by you. It is there to let you
know that you must wait. When the program is finished, it will close the dialog
box automatically. You can, however, abort the task that is being performed by
clicking the Cancel button.

• The Question dialog box is used to ask you a question that requires a yes or no
answer. You can click the appropriate button to answer the question.

• The Select File dialog box enables you to choose a file for reading or writing. You
can use it to look at your system directories and select a file. This is a special type
of dialog box that is described in more detail in the following section.

Select File Dialog Box

Selecting Files in Windows

File selection in Windows systems is accomplished using the standard Windows Select
File dialog box (see Figure 5.3.1).

Figure 5.3.1: The Select File Dialog Box for Windows

See documentation regarding your Windows system for further instructions on file selec-
tion.
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Selecting Files in UNIX or Linux

For UNIX or Linux systems, note that the appearance of the Select File dialog box will
not always be the same.

Figure 5.3.2: The Select File Dialog Box for UNIX or Linux Platforms

The version shown in Figure 5.3.2 will appear in almost all cases, but it will be different
if you are loading external data files for use in an XY plot (see the User’s Guide for more
information). In such cases, the dialog box will look like Figure 5.3.3.

The steps for file selection are as follows:

1. Go to the appropriate directory. You can do this in two different ways:

• Enter the path to the desired directory in the Filter text entry box and then
press the <Enter> key or click the Filter button. Be sure to include the final
/ character in the pathname, before the optional search pattern (described
below).

• Double-click a directory, and then a subdirectory, etc. in the Directories list
until you reach the directory you want. You can also click once on a directory
and then click the Filter button, instead of double-clicking. Note that the “.”
item represents the current directory and the “..” item represents the parent
directory.
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Figure 5.3.3: Another Version Select File Dialog Box for UNIX or Linux Plat-
forms
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5.3 Dialog Boxes

2. Specify the file name by selecting it in the Files list or entering it in the File text
entry box (if available) at the bottom of the dialog box. The name of this text
entry box will change depending on the type of file you are selecting (Case File,
Journal File, etc.).

i Note that if you are searching for an existing file with a nonstandard ex-
tension, you may need to modify the “search pattern” at the end of the
path in the Filter text entry box. For example, if you are reading a data
file, the default extension in the search path will be *.dat*, and only those
files that have a .dat extension will appear in the Files list. If you want
files with a .DAT extension to appear in the Files list, you can change the
search pattern to *.DAT*. If you want all files in the directory to be listed
in the Files list, enter just * as the search pattern.

3. If you are reading multiple XY-plot data files, the selected file will be added to the
list of XY File(s). You can choose another file, following the instructions above, and
it will also be added to this list. (If you accidentally select the wrong file, you can
choose it in the XY File(s) list and click the Remove button to remove it from the
list of files to be read.) Repeat until all of the desired files are in the XY File(s) list.

4. If you are writing a case, data, or radiation file, use the Write Binary Files check
box to specify whether the file should be written as a text or binary file. You can
read and edit a text file, but it will require more storage space than the same file
in binary format. Binary files take up less space and can be read and written by
FLUENT more quickly.

5. Click the OK button to read or write the specified file. Shortcuts for this step are
as follows:

• If your file appears in the Files list and you are not reading an XY file, double-
click it instead of just selecting it. This will automatically activate the OK
button. (If you are reading an XY file, you will always have to click OK
yourself. Clicking or double-clicking will just add the selected file to the XY
File(s) list.)

• If you entered the name of the file in the File text entry box, you can press
the <Enter> key instead of clicking the OK button.
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5.4 Panels

Panels are used to perform more complicated input tasks. Similar to a dialog box, a
panel is displayed in a separate window, but working with a panel is more akin to filling
out a form. Each panel is unique and employs various types of input controls that make
up the form (see Figure 5.4.1). The types of controls you will see are described in more
detail in the User’s Guide.

Real Number Entry

Check Boxes

Buttons

Radio Buttons

Multiple−Selection ListsText Entry

Figure 5.4.1: The Components of a Typical FLUENT Panel

When you have finished entering data in a panel’s controls, you will need to apply the
changes you have made, or cancel the changes, if desired. For this task, each panel falls
into one of two behavioral categories, depending on how it was designed.

• The first category of panels is used in situations where it is desirable to apply the
changes and immediately close the panel. This type of panel includes two button
controls as described below.

OK applies any changes you have made to the panel, then closes the panel.

Cancel closes the panel, ignoring any changes you have made.
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5.4 Panels

• The other category of panels is used in situations where it is desirable to keep
the panel displayed on the screen after changes have been applied. This makes it
easy to quickly go back to that panel and make more changes. Panels used for
postprocessing and grid adaption often fall into this category. This type of panel
includes two button controls as described below.

Apply applies any changes you have made to the panel, but does not close the
panel. The name of this button is often changed to something more descriptive.
For example, many of the postprocessing panels use the name Display for this
button, and the adaption panels use the name Adapt.

Close closes the panel.

All panels include the following button used to access on-line help:

Help displays information about the controls in the panel. The help information will
appear in your web browser.

Each type of input control utilized by the panels is described in greater detail in the
User’s Guide.
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5.5 Graphics Display Windows

Graphics display windows (e.g., Figure 5.5.1) are separate windows that display the
program’s graphical output.

Contours of Static Pressure (pascal)

4.18e+02
3.08e+02
1.98e+02
8.80e+01
-2.22e+01
-1.32e+02
-2.43e+02
-3.53e+02
-4.63e+02
-5.73e+02
-6.83e+02
-7.93e+02
-9.04e+02
-1.01e+03
-1.12e+03
-1.23e+03
-1.34e+03
-1.45e+03
-1.56e+03
-1.67e+03
-1.78e+03

Figure 5.5.1: Sample Graphics Display Window

The Display Options panel can be used to change the attributes of the graphics display or
to open another display window. The Mouse Buttons panel can be used to set the action
taken when a mouse button is pressed in the display window.

i To cancel a display operation, press <Control-C> while data are being
processed in preparation for graphical display. You cannot cancel the op-
eration after the program begins to draw in the graphics window.

For Windows systems, there are special features for printing the contents of the graphics
window directly. These features are not available on UNIX systems. See the User’s Guide
for further details.
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Appendix A. Glossary of Terms

This glossary contains a listing of terms commonly used throughout the documentation.

A.1 Summary of Terms

The following terms are defined in this glossary:

• adaption

• case files

• cell types

• computational fluid dynamics (CFD)

• console

• convergence

• cortex

• data files

• discretization

• grid

• GUI

• mesh

• models

• node

• panels

• postprocessing

• residuals

• skewness
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• solvers

• terminal emulator

• TUI

adaption

A technique useful in improving overall grid quality. The solution-adaptive mesh re-
finement feature of FLUENT allows you to refine and/or coarsen your grid based on
geometric and numerical solution data. In addition, FLUENT provides tools for creating
and viewing adaption fields customized to particular applications.

case files

Files that contain the grid, boundary conditions, and solution parameters for a prob-
lem. A case file also contains the information about the user interface and graphics
environment.

cell types

The various shapes or units which constitute the base elements of a mesh. FLUENT can
use meshes comprised of tetrahedral, hexahedral, pyramid, wedge, or polyhedral cells (or
a combination of these).

3D Cell Types

2D Cell Types

Prism/Wedge

Hexahedron

QuadrilateralTriangle

Tetrahedron

PolyhedronPyramid

Figure A.1.1: Cell Types
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computational fluid dynamics (CFD)

The science of predicting fluid flow, heat transfer, mass transfer (as in perspiration or
dissolution), phase change (as in freezing or boiling), chemical reaction (e.g., combustion),
mechanical movement (e.g., fan rotation), stress or deformation of related solid structures
(such as a mast bending in the wind), and related phenomena by solving the mathematical
equations that govern these processes using a numerical algorithm on a computer.

console

The main window in FLUENT that controls the execution of the program.

convergence

The point at which the solution is no longer changing with each successive iteration.
Convergence criteria, along with a reduction in residuals, also help in determining when
a solution is complete. Convergence criteria are pre-set conditions on the residuals that
indicate that a certain level of convergence has been achieved. If the residuals for all
problem variables fall below the convergence criteria but are still in decline, the solution
is still changing to a greater or lesser degree. A better indicator occurs when the resid-
uals flatten in a traditional residual plot (of residual value vs. iteration). This point,
sometimes referred to as convergence at the level of machine accuracy, takes time to
reach, however, and may be beyond your needs. For this reason, alternative tools such
as reports of forces, heat balances, or mass balances can be used instead.

cortex

A utility that manages FLUENT’s user interface and basic graphical functions.

data files

Files that contain the values of the flow field in each grid element and the convergence
history (residuals) for that flow field.

discretization

The act of replacing the differential equations that govern fluid flow with a set of algebraic
equations that are solved at distinct points.

grid

See mesh.
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GUI

The graphical user interface, which consists of dialog boxes, panels, graphics windows,
etc.

mesh

A collection of points representing the flow field, where the equations of fluid motion
(and temperature, if relevant) are calculated.

models

Numerical algorithms that approximate physical phenomenon (e.g., turbulence).

node

The distinct points of a mesh at which the equations of fluid motion are solved.

panels

The separate windows that are used like forms to perform input tasks. Each panel is
unique and employs various types of input controls that make up the form.

postprocessing

The act of analyzing the numerical results of your CFD simulation using reports, inte-
grals, and graphical analysis tools such as contour plots, animations, etc.

residuals

The small imbalance that is created during the course of the iterative solution algorithm.
This imbalance in each cell is a small, non-zero value that, under normal circumstances,
decreases as the solution progresses.

skewness

The difference between the shape of the cell and the shape of an equilateral cell of
equivalent volume. Highly skewed cells can decrease accuracy and destabilize the solution.

solvers

FLUENT has two distinct solvers, based on numerical precision (single-precision vs.
double-precision). Within each of these categories, there are solver formulations: pressure
based; density based explicit; and density based implicit.
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terminal emulator

The window which displays textual information about the CFD model and solution, and
which allows the user to input typed commands or interact with the TUI menu. The
terminal emulator is similar in behavior to “xterm” or other UNIX command shell tools,
or to the MS-DOS Command Prompt window on Windows systems.

TUI

The text user interface, which consists of textual commands that can be entered into the
terminal emulator.
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