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0. USING THIS TUTORIAL GUIDE

0.1 What's in This Guide

This guide contains step-by-step examples that teach you how toAbsBIG to create
and mesh various geometries. Each example illustrates atoleastew concept with
respect to GAMBIT geometry creation and mesh generation.

Tutorial 1 includes explicit instructions for all steps in the ge¢gnmereation, mesh gen-
eration, and examination of a completed mesh. Its purpose is to intréubedinning
user to several basic features and operations that are awaitekBAMBIT. The
remaining tutorials are designed for the user who has read ordwvibriaigh Tutorial 1
or who is already familiar with GAMBIT. Consequently, they are asexplicit in their
instructions as is Tutorial 1.

Some of the tutorials involve the importation of geometry data fexisting files.
Specifically, the tutorials that involve data import, and the tfpdata imported, are as
follows:

* Tutorial 5—IGES data

* Tutorial 6—IGES data

* Tutorial 7—Turbo data

* Tutorial 8—ACIS data

* Tutorial 9—Turbo data

* Tutorial 11—STEP data

e Tutorial 12—Direct CAD Import
* Tutorial 13—IGES data

* Tutorial 14—STEP data

The files that contain the data to be imported are located inrdeaty where GAMBIT
is installed. (NOTEThis file is included on your installation tape or CD.)

© Fluent Inc., Sep-04 0-1
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0.2 How to Use This Guide

If you are new to GAMBIT, you should first work through Tutorial 1 idesrto famil-
iarize yourself with the GAMBIT graphical user interfacd)§sand with basic geometry
creation and meshing procedures. You may then want to try a tut@ialémonstrates
features that you are going to use in your application. For examptej dre planning to
start from an existing geometry that requires some cleanup, youldboklat Tutorial 5.
Each tutorial demonstrates different GAMBIT features, soréé®@mmended that you do
each tutorial in order to get the full benefit from this Tutorial Guide.

Note that Step 1 in Tutorials 2 through 6 requires you to selecblber $0 be used for
the CFD calculation. In many cases, you could select a diffesbugrgshan the one used
in the tutorial. The solver selection is included in the tutor@idemonstrate the process
of selecting a solver. It also illustrates that the choicgobfer dictates the options avail-
able in various forms (for example, the boundary types availalbhe Bpecify Boundary
Types form).
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0.3 Font Conventions

The following font conventions are used throughout this manual to repressminput
data, the titles of forms and command buttons, options, and the names oingiodel
objects.

Font Description Example(s)

Couri er Command line arguments,vol ume create sphere
file names, and other user &MBI T. i ni
input from the keyboard

Arial Narrow, Bold Titles of buttons, Model
selectors, fields, and Volume
forms as they appear in  Vertex
the graphical user

interface
Arial Narrow Titles of options and Interval size
commands Lower topology
Arial Narrow, ltalic Names of GAMBIT edge.1

topological entities and  vertex.3
coordinate systems
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0.4 Using the Mouse

The GAMBIT GUI is designed for use with a three-button mouse. Thetibn associ-
ated with each mouse button varies according to whether the mouse is omeratiagus
and forms, or in the graphics window. Some graphics-window mouse opeiatiolve
keyboard keys in conjunction with the mouse.

0.4.1 Menus and Forms

Mouse operations for GAMBIT menus and forms require only the leftrightl mouse

buttons and do not involve any keyboard key operations. Most of the mous#gongera
performed on GAMBIT GUI menus and forms require only the left mbuston. The

right mouse button is used to open menus related to command buttons on the toolpads. On
some forms that include a text window, the right mouse button opens a hiddenof

options such as that described in “Using a Pick List Form” inti@ed.2.8 of the
GAMBIT User's Guide.

0.4.2 Graphics Window

There are three general types of GAMBIT GUI graphics-window mouse operations:
» Display
* Task
* Vertex creation

Display operations allow you to directly manipulate the appearance of thd mauohy of
the enabled graphics-window quadrafiask operations allow you to specify topological
entities and to execute geometry and meshing operationsvefitee creation operation
allows you to create vertices on any displayed coordinate-sygstdn{For further infor-
mation on these operations, see Section 3.3.2 of the GAMBIT User's Guide.)
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Display Operations

GAMBIT graphics-window display operations employ all three mousemsiths well as
the Ctrl keyboard key.

Keyboard Key/ Mouse Mation Description

Mouse Button

Left-click Left-drag the cursor in anyRotates the model
direction.

Middle-click Middle-drag the cursor in Translates the model

any direction.

Right-click Right-drag the cursor Zooms the model in or out
vertically.
Right-click Right-drag the cursor Rotates the view of the model
horizontally. about the center of the graphics
window
Ctrl-left-click Left-drag the cursor Enlarges the model, retaining the
diagonally. model proportions. When you

release the mouse button,
GAMBIT enlarges the display

Double-middle-click Displays the model as shown
immediately before the current
view
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Task Operations

GAMBIT graphics window task operations employ all three mouse buttons in caajunct
with the Shift key to allow you to pick entities and to execute actions retat&AMBIT
forms. There are two types of task operations:

» Picking entities

« Executing actions

Picking Entities

Many GAMBIT modeling and meshing operations require you to specifyoomaore
entities to which the operation applies. There are two ways tdfysec entity for a
GAMBIT operation:

* Input the entity name in the appropriate list box on the specificasiom ér select
it from the appropriate pick list.

» Use the mouse to “pick” the entity from the model as displayatergraphics
window.

When you use the mouse to pick an entity from the model that isydidglathe graphics
window, GAMBIT inserts the entity name in the currently acpiek list as if you had
specified its name on the currently open specification form.

GAMBIT provides two types of entity-picking operations, each of Wwhitvolves the
Shift key. Throughout this guide, you will see expressions sucBréft-feft-click,” which
indicates that you should press and hold3ti& key while clicking the left mouse button.
The two entity picking operations are as follows:

Operation Description

Shift-left-click Highlights the entity in the graphics window and includes it in
the currently active pick list.

Shift-middle-click Toggles between adjoining multiple entities of a given. type

To select ayroup of objects,Shift-left-drag the mouse to create a box around the objects
to be selected. The specific objects chosen depend on the direction af-pointer
movement when the box is created. Specifically:
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« If you Shift-left-drag the mouse pointer toward the lower part of the graphics
window when creating the box, GAMBIT selects all objects touched by the box.

« If you Shift-left-drag the mouse pointer toward the upper part of the graphics
window when creating the box, GAMBIT selects only those objects atet
completely enclosed in the box.

Executing Actions

When you Shift-right-click the mouse in the graphics window, GAMBIT accepts the
selection of an entity and moves the focus to the next pick lteeifiorm. If the current
pick list is the last one in the forr@ift-right-click executes the operation associated with
the currently open form. In this case, @mft-right-click operation is equivalent to the act
of clicking Apply on the bottom of the form.
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0.5 GUI Components

GAMBIT allows you to construct and mesh models by means of ighipa user inter-
face (GUI), which is designed to be mouse-driven. The GAMBIT @igure 0-1)
consists of eight components, each of which serves a separate mithasspect to the
creating and meshing of a model. The following sections brieflyridesthe GUI com-

ponents.

Operation
Main menu bar toolpad

N ]
pertn Geometry

[6 ] / subpad

Graphics [§§ oF Clolel
window s o — N ol m] il e

Giobal Control

Transcript o 157 B 1
ind % §||g)§’ =)
winaow A £ e 9w &
Command/ Description
text box window Global Control
toolpad

Figure 0-1: The GAMBIT GUI
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0.5.1 Graphics Window

The graphics window is the region of the GUI in which the model is displayed. It is
located in the upper left portion of the GUI and occupies most of teersin the default
layout. Chapter 3 of the GAMBIT User’'s Guide presents a molegtdescription of
the graphics window.

0.5.2 Main Menu Bar

The main menu bar is located at the top of the GUI, directly above the graphiodaw.

It contains four menu items. Each of the items is associatdd itsitown menu of
commands that allow you to perform various GAMBIT operations. To opemémal

associated with any item, left-click the item name (for exarfié,

Chapter 4 of the GAMBIT User’s Guide presents detailed desamigptif the menu items,
as well as the commands available on each associated menu.

0.5.3 Operation Toolpad

The Operation toolpad is located in the upper right portion of the GUI. It consists of a
field of command buttons, each of which performs a specific functiatiassd with the
process of creating and meshing a model.

Within the Operation toolpad, command buttons are grouped according to their hierarchy
and purpose in the overall scheme of creating and meshing the moelébpmost group
constitutes thenain pad. All other command button groups constitatibpads.

Subpads

When you click a main-pad command button, GAMBIT opens an assosidtgatl. For
example, if you click th&EOMETRY command button on the main pad, GAMBIT opens
the Geometry subpad.

Each subpad contains command buttons that perform operations relatedote e
purpose of the subpad. For example,Geemetry subpad contains command buttons that
allow you to perform operations related to the creation and refinement of model geometr

Some of the command buttons located on subpads open related subpads of th&ir own.
example, when you click th¥OLUME command button on th&eometry subpad,
GAMBIT opens theGeometry/Volume subpad.

Each command button on tGeometry/Volume subpad is associated withsgecification
form that allows you to specify parameters related to the function indicated on the button.
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Toolpad Command Buttons

Toolpad command buttons allow you to execute program commands relateddioghuil
meshing, or viewing the model and working with the GUI. Some toolpathand
buttons cause a direct action to occur; others open specification forms.

All toolpad command buttons contain symbols representing their functiortenBuhat
perform more than one function (multifunction command buttons) contain stoalh-
ward-pointing arrowheads in their lower left corners.

For complete descriptions of the GAMBIT GUI toolpad and command buttees, s
Chapter 3 of the GAMBIT User's Guide.

Tutorial Convention—Toolpad Command Buttons

GAMBIT geometry and meshing procedures operate by means of satigifi forms.
Each specification form is associated with a unique combination dfIE3A toolpad
command buttons.

This tutorial guide employs the following convention to indicate trmand button
combination associated with any specification form:

L1 - L2 L3

whereL1 represents the main-pad command button, l2naind L3 represent the second-
and third-level subpad command buttons, respectively. For example, theandrbutton
combination associated with tBeeate Real Brick form is as follows:

O

GEOMETRY g — VOLUME J — CREATE VOLUME

Note that the toolpad choices are indicated in two ways:

* The name of the command button that appears iDéseription window of
the GAMBIT GUI

e A picture of the command button

When you see this kind of flow chart in a tutorial, you should lefkdhe command
buttons in the order shown so that they appear depressed. A command bustdnicalcls
border on its top and left-hand side when it is depressed GEB#ETRY command
button g at the top of theOperation toolpad in Figure 0-1 is an example of a
depressed button. The black border is on the bottom and right-hand side whattche

@

is not depressed; see tMESH command butto in Figure 0-1. Note that if a button
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is already depressed, you need not click that button again. In fekingla selected
button will unselect it.

Toolpad choices that require pressing the right mouse button aretéddiaarR to the
right of the corresponding command button icon, followed by the icon to $elacthe

J JR Ej Sy
JJ

list of available functions. For examp indicates that you should

then choose th@REATE REAL

right-click the CREATE VOLUME command butto

. Ej Cylinder . . .
CYLINDER option from the resulting listCREATE REAL CYLINDER is the
text that is written in th®escription window when you hold the mouse cursor over the

Ej Cylinder

0.5.4 Form Field

menu item.

When you click any subpad command button (ext®0), GAMBIT opens an associ-
atedspecification form. Specification forms, such as that shown in Figure 0-2, allow you
to specify parameters related to modeling and meshing operationasgslymment of
boundary attributes, and the creation and manipulation of GAMBIT coordigstems
and grids.

Width(x) |

Depth(¥) | ] =L
'

Height(Z) [ 1 f

Coordinate 3ys. [c_sys.1 ﬂ
Direction +3 +Y +Z

Lahel l:

Apply | Reset | Close |

Figure 0-2: Example GAMBIT specification form

When you open a specification form, it appears irfaha field. The form field is located
at the right side of the GUI, immediately below Operation toolpad.

Text boxes allow you to input alphanumeric data. They are located on forms and appear as
white, indented rectangles (for example, Width text box in Figure 0-2). The title of any

text box appears immediately to its left. To enter data by ma&famsext box, left-click in

the box to enable it for user input, and then input the data from the keyboard.
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0.5.5 Global Control Toolpad

The Global Control toolpad is located at the lower right corner of the GUI. Its purpose is
to allow you to control the layout and operation of the graphics windoweldsas the
appearance of the model as displayed in any particular quadranbnSaecti of the
GAMBIT User's Guide describes the function and use of each buttomeoGldbal
Control toolpad.

0.5.6 Description Window

The Description window is located at the bottom of the GUI, immediately to the lethef
Global Control toolpad. The purpose of tH¥escription window is to display messages
describing the various GUI components, including sashes, fields, windo@gsommand
buttons.

Messages displayed in tBescription window describe the component of the GUI corre-
sponding to the current location of the mouse pointer. As you move the poinser
across the screen, GAMBIT updates Description window message to reflect the
change in the location of the pointer.

0.5.7 Transcript Window and Command Text Box

The Transcript window is located in the lower left portion of the GUI. T@emmand text
box is located immediately below tAeanscript window.

The purpose of th@ranscript window is to display a log of commands executed and
messages displayed by GAMBIT during the current modeling sesgiefGommand text

box allows you to perform GAMBIT modeling and meshing operations by mefans
direct keyboard input, rather than by means of mouse operations on the&s&Uthe
GAMBIT Command Reference Guide for more details.
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1. CREATING AND MESHING BASIC GEOMETRY

This tutorial illustrates geometry creation and mesh gener&tioa simple geometry
using GAMBIT.

In this tutorial you will learn how to:
» Start GAMBIT
» Use theOperation toolpad
» Create a brick and an elliptical cylinder
* Unite two volumes
» Manipulate the display of your model
* Mesh a volume
« Examine the quality of the mesh

e Save the session and exit GAMBIT

1.1 Prerequisites

This tutorial assumes you have no prior experience of working witMEA. You
should, however, read Chapter 0, “Using This Tutorial Guide,” to faimgiayourself
with the GAMBIT interface and with conventions used in the tutorial instructions.
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1.2 Problem Description

The model consists of an intersecting brick and elliptical cylintiee basic geometry is
shown schematically in Figure 1-1.

10

12
6 6
|
%
10

Figure 1-1: Problem specification
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1.3 Strategy

This first tutorial illustrates some of the basic operationsgkmerating a mesh using
GAMBIT. In particular, it demonstrates:

* How to build the geometry easily using the “top-down” solid modeling approach

* How to create a hexahedral mesh automatically

The “top-down” approach means that you will construct the geometrgrégting
volumes (bricks, cylinders, etc.) and then manipulating them through dwooferations
(unite, subtract, etc.). In this way, you can quickly build complicateges without first
creating the underlying vertices, edges, and faces.

Once you have built a valid geometry model, you can directly antiginy cases) auto-
matically create the mesh. In this example,Gbeper meshing algorithm is used to auto-
matically create an unstructured, hexahedral mesh. More compligatedetries may
require some manual decomposition before you can create the meghgtnisonstrated
in subsequent tutorials.

The steps you will follow in this tutorial are listed below:
» Create two volumes (a brick and an elliptical cylinder).
* Unite the two volumes.
« Automatically generate the mesh.

« Examine the quality of the resulting mesh.

To keep this introductory tutorial short and simple, certain stepydiiavould normally
follow have been omitted:

» Adjusting the distribution of nodes on individual edges of the geometry

» Setting continuum types (for example, identifying which mesh zoneffuaend
which are solid) and boundary types

These details, as well as others, are covered in subsequent tutorials.
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1.4 Procedure
Type
ganmbit -id basgeom
to start GAMBIT.
This command opens tAMBIT graphical user interface (GUI). (See Figure 1-

2.) GAMBIT uses the name you specify (in this examyaegeom) as a prefix to
all files it creates: for exampl®asgeom j ou.

-1

File Edit Solver Help Operation

| | il

Geometry

Global Control

" sowe 5| 855

Transcript

Description

GRAPHICS WINDOW- UPPER v | =t
LEFT QUADRANT \,ulgl =] [=y 5:5

TS

basegeon. Lok

2 e e sl =

Command: r

Figure 1-2: The GAMBIT graphical user interface (GUI)
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Step 1: Create a Brick

1. Create a brick by doing the following:

a) In theOperation toolpad (located in the top right corner of the GAMBIT GUI),
select theGGEOMETRY g command button by clicking on it with the left mouse
button. If theGeometry subpad does not appear when you selecGEGMETRY
command button, click it again.

The name of a command button is displayed irDéseription window at the
bottom of theGAMBIT GUI when you hold the mouse cursor over the
command button. ThGEOMETRY command button will appear depressed
when it is selected. Selecting tGEOMETRY command button opens the
Geometry subpad. Note that when you first st&AMBIT, the GEOMETRY
command button is selected by default.

7

b) Use the left mouse button to select W@LUME command button in the
Geometry subpad.

Again, this command button will be depressed when selected. Selecting this
command button opens tBeometry/Volume subpad.

7
c) Use the left mouse button to select @REATE VOLUME (= command button

in the Geometry/Volume subpad.

This command sequence opensQieate Real Brick form.

Create Real Brick

width{x) |10

Depth(¥) |q ] :/u
Height{Z} [ 1 f

Coordinate Sys. [c_sys. ﬂ
Direction Centered

Label l:

Apply | Reset. | Close |

The above description of selecting command buttons can be shortened to the following:
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(7 7

g — CREATE VOLUME |=

GEOMETRY - VOLUME

The selection of the command buttons will be represented using thi®dnior the
remainder of this tutorial, and in all subsequent tutorials.

d) Left-click in the text entry box to the right Whdth in the Create Real Brick form,
and enter a value a0 for theWidth of the brick.

e) Use thélabkey on the keyboard to move to tBepth text entry box, and entér
for theDepth of the brick.

The text entry box fddeight can be left blankGAMBIT will set this value to
be the same value as tWidth by default.

f) SelectCentered from the option menu to the right Direction.

NOTE When you first open thareate Real Brick form, theCentered option is
selected by default.

i) Hold down the left mouse button on the option button to the rigBiredtion
until the option menu appears.

ii) SelectCentered from the list.
g) Click Apply.

A message appears in ti®anscript window at the bottom left of the
GAMBIT GUI to indicate that a volume, calladlume.1, was created. The
volume will be visible in the graphics window, as shown in Figure 1-3.

If you make a mistake at any point in the geometry creation processalyou ¢
use theUNDO command buttor 5:8 to undo multiple levels of geometry
creation. At this point, you have only performed one operation, so you can
only undo one operation.
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Figure 1-3: Rectangular brick volume (side view)
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Step 2: Create an Elliptical Cylinder

1. Create an elliptical cylinder.

a) Hold down theight mouse button while the cursor is on CREATE VOLUME
7

= command button.

. Ej Cylinder .
b) Select theCREATE REAL CYLINDER option from the resulting
menu.

! CREATE REAL CYLINDER is the text that is written in tHescription window

Ej Cylinder

This command sequence opensQteate Real Cylinder form.

when you hold the mouse cursor over menu item.

Create Real Cylinder
Height |10 =
Radius 13 l
Radius 2| L T,
Coordinate 3ys. |c_sysi ﬂ
Axis Location Positive 2 4

Label |
Apply | Reset. | Close |

ukze

The above method of selecting command buttons can be shortened to the following:

Cylind
ceomerry @] . vorume| 2 . create voLume |2 JR [0 cotineer

whereR indicates a toolpad choice using the right mouse button.

c) Enter eHeight of 10.
d) Enter a value of 3 fdtadius 1.

e) Enter a value of 6 fdRadius 2.
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f) Retain the defauldxis Location of Positive Z.
g) Click Apply.

The brick and elliptical cylinder are shown in Figure 1-4.

| "
P

Figure 1-4: Brick and elliptical cylinder
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Step 3: Unite the Two Volumes

1. Unite the brick and elliptical cylinder into one volume.

@

— VOLUME J — BOOLEAN OPERATIONS

‘g

GEOMETRY

This command sequence openslthiée Real Volumes form.

Unite Real Yolumes

Volumes |un|umE.EI ﬂ

_| Retain

Apply | Reset. | Close |

Notice that theVolumes list box is yellow in thdJnite Real Volumes form at
this point. The yellow color indicates that this is the activel fielthe form,
and any volume selected will be entered into this box on the form.

a) Hold down the&hiftkey on the keyboard and select the brick by clicking on one of
its edges in the graphics window using the left mouse button.

I The Shift key must always be held down when selecting entitiesgirafie
ics window using the left mouse button. This operation will be refeored t
Shiftleft-click in all further steps.

The brick will appear red in the graphics window and its navakenge. 1) will
appear in thé/olumes list box in thelnite Real Volumes form.

b) Shiftleft-click the elliptical cylinder in the graphics window.
c) Click Apply to accept the selection and unite the elliptical cylinder and brick.

I Alternatively, you could continue to hold down the Shift key and click the
right mouse button in the graphics window to accept the selection of the
volumes. This method allows you to rapidly accept selections and apply
operations with minimal movement of the mouse.

I The Shift key must always be held down when clicking the right-mouse butt
to accept the selection of entities in the graphics window. This opetation
referred to as Shitight-click.
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The volume is shown in Figure 1-5. You can rotate the display (as shown in
Figure 1-5) by holding down the left mouse button in the graphics window and
moving the mouse to the left. More information on manipulating the graphics
display is given in the next step.

Figure 1-5: Brick and elliptical cylinder united into one volume
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Step 4: Manipulate the Display

1.

Zoom out from the current view by holding down the right mouse buttdhein
graphics window and pushing the mouse away from you.

Rotate the view around the screen center by holding down the ngkerbutton and
moving the mouse from side to side.

Rotate the view in free-form mode by holding down the left mouserbabd moving
the mouse.

Translate the display by holding down the middle mouse button and mweng t
mouse.

Divide the graphics window into four quadrants by clicking $BEECT PRESET

v L
ZX

CONFIGURATION l=— command button in th@lobal Control toolpad.

GAMBIT divides the graphics window into four quadrants and applies a dif-
ferent orientation to the model in each of the four quadrants. Each view of the
graphics window can be manipulated independently. All changes to the model
appear in all portions of the graphics window, unless you disable one or more
quadrants.
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=l N
File Edit Solver Help Operation

[ o ||

Geometry

Volume

[=d sl i im =]
G| .i] 4]

o I»:::;@

Global Control

— - Actve 0| A (5| | |
Transfornsd valune voluns 2

GRRPHICS WINDOW- LOVER i | | El -»,‘Gfl
Conmand> volume unite volumes "volume.l' "volume. 2" LEFT QUADRANT (Vv Q ) _D” f:a
Uniting volumes volume. 1 and volume. 2 =
N o
I | B () -8
; = = EEE

Command: |

Transcript

=

Figure 1-6: GAMBIT GUI—four graphics-window quadrants

6. Restore a single display of the model.

a) Use the left mouse button to select the graphics-window &uastor'—the small
gray box in the center of the graphics window.

b) Use the mouse to drag the sash anchor to the bottom right cothergvhphics
window.

7. Restore the front view of the model by left-clicking tOBIENT MODEL |=
command button in th@lobal Control toolpad.

8. Scale the model to fit the graphics window by clicking FifeTO WINDOW
command button in th@lobal Control toolpad.
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Step 5: Mesh the Volume

1. Create a mesh for the volume.

MESH

@

— VOLUME

7

— MESH VOLUMES

&

This command sequence opensiMesh Volumes form.

Mesh Yolumes

Volumes |Iun|ume.1

|

Scheme: M fpply  Default

Elements: HexMWedge o
Type: Cooper o

Sources | Face.1

i

Spacing: M Apply  Default

il Interval size

- |

Options: M Mhesh

_| Remove old mesh

Lfamaruian irmaeoy

_l lgnare size functions

Apply | Reset |

morody

Close |

a) Shiftleft-click the volume in the graphics window.

GAMBIT will automatically choose th@ooper Scheme Type as the meshing
tool to be used, and will use dnterval size of 1 (the default) unde8pacing.
See theGAMBIT Modeling Guide, Chapter 3 for details about theoper

meshing tool.

b) Click Apply at the bottom of thiesh Volumes form.

This accepts the volume you selected as the one to be meshed. Itafgs ac

the source faces (the faces whose surface meshes are to behsmegit the
volume to form volume elements) ti@AMBIT has chosen for th€ooper
meshing scheme and starts the meshing. A status bar appears at the top of the
GAMBIT GUI to indicate how much of the meshing is complete.

1-14
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The volume will be meshed as shown in Figure 1-7.

Rl

R \Jﬂwm\

iy T

7 i WL

Figure 1-7: Meshed volume
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Step 6: Examine the Mesh

It is important that you check the quality of the resulting mesh, becaogerfpes

such as skewness can greatly affect the accuracy and robustness obtlselGF

tion. GAMBIT provides several quality measures (sometimes called “metrics”)
with which you can assess the quality of your mesh. In the case of skengses-

ures such agquiAngle Skew and EquiSize Skew, for example, smaller values are
more desirable. It is also important to verify that all of the elg@sma your mesh

have positive area/volume. You should consult the documentation for the target
CFD solver for additional mesh quality guidelines.

1. Select theEXAMINE MESH @ command button at the bottom right of Glebal
Control toolpad.

1-16

This action opens tHexamine Mesh form.
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— Commevess |
Display Type:
_JFlane _) Sphere @ Range

w lﬁ@

Quality Type:
Equisize Skew - |

Display Mode:

wndows B | 09 | Y | 50 [ oo |
M Wire W Faceted

Faceting Type:

@ Cuality ) Shade _) Hidden

Total Elements: 1130
Active Elements: 135 (11.74%)
_| Show worst element

Lower ED'S
| _L1
Upper .4
| 1
a 1
N I
Apply | Reset | Close |

a) SelecRange underDisplay Type at the top of th&xamine Mesh form.

A histogram appears at the bottom of the form. The histogram consists of a
bar chart representing the statistical distribution of mesh elemeitts w
respect to the specific@uality Type. Each vertical bar on the histogram cor-
responds to a unigue set of upper and lower quality limits.

The3D Element type selected by default at the top of the form is a 7

b) Select or retai&quiSize Skew from theQuality Type option menu.
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c) Click on one of the green vertical bars in the histogranete glements within a
certain quality range.

Each element has a value of skewness between 0 and 1, where O represents
ideal element. The histogram is divided into 10 bars; each bar represents a
0.1 increment in the skewness value. For a good mesh, the bars on the left of
the histogram will be large and those on the right will be small.

Figure 1-8 shows the view in the graphics window if you click on thehfourt
bar from the left on the histogram (representing cells with a skewrsse
between 0.3 and 0.4).

Figure 1-8: Elements of the mesh within a specified quality range

d) Move theUpper and Lower slider boxes beneath the histogram to redefine the
quality range to be displayed.
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Step 7: Save the Session and Exit GAMBIT
1. Save the GAMBIT session and exit GAMBIT.

File - Exit

GAMBIT will ask you whether you wish to save the current session before you
exit.

|

Save the current session
{basgeom})
hefore exit?

Click Yes to save the current session and exit GAMBIT.
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1.5 Summary

This tutorial provided a quick introduction to GAMBIT by demonstrating howreate a
simple 3-D geometry using the “top-down” modeling approach.Cdoger scheme was
used to automatically generate an unstructured, hexahedral mesh. Eoinfoomation
on theCooper scheme, consult the GAMBIT Modeling Guide.
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2. MODELING A MIXING ELBOW (2-D)

In this tutorial, you will use GAMBIT to create the geometsy & mixing elbow and then
generate a mesh. The mixing elbow configuration is encountered in EiystgMms in
power plants and process industries. It is often important to pbd@idlow field and
temperature field in the neighborhood of the mixing region in order to yajesign the
location of inlet pipes.

In this tutorial you will learn how to:
» Create vertices using a grid system
» Create arcs by selecting the center of curvature and the endpoints of the arc
» Create straight edges between vertices
e Split an arc using a vertex point
» Create faces from edges
» Specify the distribution of nodes on an edge
* Create structured meshes on faces
» Set boundary types
* Prepare the mesh to be read into FLUENT 4

e Export a mesh

2.1 Prerequisites

This tutorial assumes that you have worked through Tutorial 1 and garoasequently
familiar with the GAMBIT interface.
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2.2 Problem Description

The problem to be considered is shown schematically in Figure 2-&ldAlaid enters
through the large pipe and a warmer fluid enters through the sipall fine two fluids
mix in the elbow.

out? Tout

32
39.93°

——————a-

=
(2]
[€—»

v, T, — 16

Figure 2-1: Problem specification
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2.3 Strategy

In this tutorial, you will build a 2-D mesh using a “bottom-up” appro@etcontrast to
the “top-down” approach used in Tutorial 1). The “bottom-up” approach meangotha
will first create some vertices, connect the verticegdate edges, and connect the edges
to make faces (in 3-D, you would stitch the faces together &ecv®lumes). While this
process by its very nature requires more steps, the resuistsg in Tutorial 1, a valid
geometry that can be used to generate the mesh.

The mesh created in this tutorial is intended for use in FLUENSD 4, must be a single
block, structured mesh. However, this mesh can also be used in drey ather Fluent
solvers. This type of mesh is sometimes called a mapped mesliseazach grid point
has a unique |, J, K index. In order to meet this criterion, certaitiaudisteps must be
performed in GAMBIT and are illustrated in this tutorial. Afteeating the straight edges
and arcs that comprise the geometry, you will create two :facesfor the main flow
passage (the elbow) and one for the smaller inlet duct. The mesmesated for the
larger face using thdap scheme; this requires that the number of grid nodes be equal on
opposite edges of the face. You will force GAMBIT to useMap scheme to mesh the
smaller face as well.

Several other features are also demonstrated in this tutorial:
» Using a background grid and “snap-to-grid” to quickly create a set of vertices.
« Using “pick lists” as an alternative to mouse clicks for picking entities
» Specifying a non-uniform distribution of nodes on an edge.
» Setting boundary types.

» Exporting a mesh for a particular Fluent solver (FLUENT 4 in this case).
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2.4 Procedure
Start GAMBIT.

Step 1: Select a Solver

1. Choose the solver you will use to run your CFD calculation bytgedethe following
from the main menu bar:

Solver — FLUENT 4

This selects thELUENT 4 solver as the one to be used for the CFD calculation.
The choice of a solver dictates the options available in various forons (f
example, the boundary types available in $ipecify Boundary Types form). The
solver currently selected is indicated at the top ofGReVIBIT GUI.
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Procedure

Step 2: Create the Initial Vertices

1. Create vertices to define the outline of the large pipe of the mixing elbow.

TOOLS im

— COORDINATE SYSTEM ‘);_' — DISPLAY GRID

This command sequence openshisplay Grid form.

&

Display Grid

Coordinate Sys [o_sys.1 %

M visibility ﬂilﬂlﬂl il

Plane (8 Y JY¥Z J®Z

Axis (8 X )Y Zoffset |

Minimum |-37

Maximum (32 Update list
Increment |14

XY plane X Values

-32 Delete

-16

1] Unselect
16

Delete All
gz 4

Value: |

Options:

E Snap

Grid: (@ Lines _)Points
Apply | Reset | Close

a) Check thaVisibility is selected.

This ensures that the background grid will be visible when it is created.

b) SelecX (the default) to the right &xis.

c) Enter aMinimum value of-32, aMaximum value of32, and arincrement of 16.

d) Click theUpdate list button.

© Fluent Inc., Sep-04
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This creates a background grid with four cells inthdirection and enters the
x coordinates in th&XY_plane X Values list.

e) Select to the right ofAxis.
f) Enter aMinimum value of-32, aMaximum value of32, and arincrement of 16.
g) Click theUpdate list button.

This creates a background grid with four cells inghdirection and enters the
y coordinates in th&Y_plane Y Values list.

h) Check thaSnap is selected und@ptions.

The vertices you create later in this step will be “snapped” to goamt the
grid where the grid lines intersect.

i) SelectLines (the default) to the right drid.
The grid will be displayed using lines rather than points.
j) Click Apply.

GAMBIT creates a four-by-four grid in the graphics window. To see the
whole grid, you must zoom out the display (see Figure 2-2). You can zoom out
the display by pressing and holding down the right mouse button while moving
the cursor vertically upward in the graphics window.
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Procedure

Figure 2-2: Four-by-four grid to be used for creating vertices

NOTE You cannot use theT TO WINDOW

Ve

command button (located

on theGlobal Control toolpad) to zoom out the display beca@®MBIT does
not treat the grid as a model component to be fit within the graphics window.

k) Ctrl-right-click the nine grid points shown in Figure 2-3.

“Ctrl-right-click” indicates that you should hold down the Ctrl key on the
keyboard and click on the point at which the vertex is to be createdthsing

right mouse button.

=)

You can use thBNDO command buttol=

incorrectly.

© Fluent Inc., Sep-04
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Figure 2-3: Create vertices at grid points
[) Unselect thd/isibility check box in th®isplay Grid form and clickApply.

The grid will be removed from the graphics window and you will be able to
clearly see the nine vertices created, as shown in Figure 2-4.

2-8 © Fluent Inc., Sep-04



MODELING A MIXING ELBOW (2-D) Procedure

Figure 2-4: Vertices for the main pipe

© Fluent Inc., Sep-04 2-9



Procedure MODELING A MIXING ELBOW (2-D)

Step 3: Create Arcs for the Bend of the Mixing Elbow

1. Create an arc by selecting the following command buttons in order:

GEOMETRY @ _, EDGE [ . CREATE EDGE L |R -

This command sequence opensQieate Real Circular Arc form.

Create Heal Circular Arc
Method: (@ @ ‘-;IQ i, ‘;.:"
Rl

Vertices:
Center Evertex.E ﬂ
End-Points [ertex4 %
Arc:
& o)
Label |
Apply | Reset. | Close |

a) Retain the defaullethod.

Notice that theCenter list box is yellow in th€reate Real Circular Arc form at
this point. The yellow color indicates that this is the active fielthe form,
and any vertex selected will be entered into this box on the form.

b) Shiftleft-click the vertex in the center of the graphics windowtéseE in Figure
2-5).

The selected vertex will appear red in the graphics window and its nélime
appear in theCenter list box undeNertices in the form.
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Figure 2-5: Vertices used to create arcs

c) Left-click in the list box to the right d&nd-Points to accept the selection of vertex
E and make thEnd-Points list box active.

I Alternatively, you could continue to hold down the Shift key and click the
right mouse button in the graphics window to accept the selection of the
vertex and move the focus to Enal-Points list box.

Note that theéEnd-Points list box is now yellow—that is, this is now the active
list box, and any vertex selected will be entered in this box.

d) Shiftleft-click the vertex to the right of the center vertexhie graphics window
(vertex F in Figure 2-5).

The vertex will turn red.

e) Select the vertex directly below the one in the center ofgtaphics window
(vertex D in Figure 2-5).

f) Click Apply to accept the selected vertices and create the arc.
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2. Repeat the above steps to create a second arc. The cehg¢earaf is the vertex in the
center of the graphics window (vertex E in Figure 2-5). The endpoirtteedadrc are
the vertices to the right and below the center vertex that maivget been selected
(vertices G and B, respectively, in Figure 2-5). The arcs are shown in Bigure

S
T

Figure 2-6: Vertices and arcs
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Step 4: Create Straight Edges
1. Create straight edges for the large pipe.
m | ‘? | +——+ Straight
GEOMETRY — EDGE l—J — CREATE EDGE [—R

This command sequence opensQieate Straight Edge form.

Create Straight Edge

Vertices [[uertex.z

4]
A Wirtual

o S—

Reset

Type: (@ Real
| BEnnt Wnhimn
Label |
Apply |

| Close |

a) Shiftleft-click the left endpoint of the smaller arc (vertex D in Figure 2-7).

Figure 2-7: Vertices used to create straight edges

b) Shiftleft-click the vertices marked C, A, and B in Figure 2-7, in order.

© Fluent Inc., Sep-04
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c) Click Apply to accept the selection of the vertices.

Three straight edges are drawn between the vertices.
d) Shiftleft-click the vertices marked F, H, I, and G in Figure 2-7, in order.
e) ClickApply to accept the selection of the vertices.

The graphics window with the arcs and straight edges is shown in Figure 2-8.

Figure 2-8: Arcs and edges
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Step 5: Create the Small Pipe for the Mixing Elbow

In this step, you will create vertices on the outer radius of the bérlde mixing
elbow and split the large arc into three smaller arcs. Next, yowrglte vertices for
the inlet of the small pipe. Finally, you will create the straight edpe the small

pipe.

1. Create vertices on the outer radius of the bend, and split tiee dac into three
sections.

| | ence ] . spummerce epces |

GEOMETRY

This command sequence opensSpli Edge form.
Edge | edge.? ﬂ
Type Real connected o |
Split With  Point &

UValue (0443666
Coordinate Sys. ’T ﬂ
Eiii Cylingrical |

Global Local
x: |24.5385 r: [31.933343
y: [-20.5332 t: [-39.929385
z: [IZI z: [D
Apply | Reset | Close |

a) Select the large arc as the edge to split by usingdtespick list.

Note that you could select the edge in the graphics window; a pick list
provides an alternate way of picking an element.

i. Left-click the black arrow to the right of tHedge list box in theSplit Edge
form.
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This action opens th&dge List form. There are two types of pick-list
forms: Single and Multiple. In a Single pick-list form, only one entity can

be selected at a time. InMultiple pick-list form, you can select multiple
entities.

Available Picked

edge.1 --->|edge.2

edge.d
edged
edge.5 "'“|
edge.6

edge.7 |
edge.d

a2 o |

Close

ii. Selectedge.2 underAvailable in theEdge List form.

! Note that théAvailable names may be different in your geometry,
depending on the order in which you created the edges.

iii. Click the — - —> button to pickedge.2.
edge.2 will be moved from thavailable list to thePicked list. The large arc
is the edge that should be selected and shown in red in the graphics
window.

iv. Close theEdge List form.
This method of selecting an entity can be used as an alternative to Shift-

left-click in the graphics window. See tli@AMBIT User's Guide for
more information on pick lists.
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b)

d)

f)

9)

h)

SelecReal connected (the default) undeFype in theSplit Edge form.
You should select this option because the edge you selected is realrgeomet
not virtual geometry, and because you want the two edges created by the split
to share the vertex created wh&AMBIT does the split. See ti@AMBIT
Modeling Guide for more information on real and virtual geometry.

SelecPoint (the default) to the right @plit With.
You will split the edge by creating a point on the edge and then using this
point to split the edge.

SelecCylindrical from theType option menu.
You can now use cylindrical coordinates to specify wi@dIBIT should
split the edge.

Input a value 0£39.93 degrees next tbunderlLocal.
This is the angle between the horizontal direction and the position of the right-
hand side of the opening of the small pipe on the bend of the mixing elbow, as
shown in Figure 2-1.

Click Apply.
The large arc is split into two smaller arcs and a vertex is created.

Use theEdge List form (or Shiftleft-click in the graphics window) to select the

larger of the two arcs just createsdde.9).

Input a value 0£50.07 degrees next tbunderlLocal.
This is the angle between the horizontal direction and the position offthe le
hand side of the opening of the small pipe on the bend of the mixing elbow (-
90°+ 39.939, as shown in Figure 2-1.

Click Apply.

The arc is split into two parts and a second vertex is created on titkdfe
the mixing elbow, as shown in Figure 2-9.
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2. Create points at the small inlet.

2-18

Figure 2-9: Vertices created on outer radius of mixing elbow bend

@

GEOMETRY

. VERTEX |2

Rl

L K

— MOVE/COPY VERTICES

This command sequence opensMbee / Copy Vertices form.
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Procedure

Move [ Copy Vertices
Vertices Pick — ||Jrertex11 ﬂ
_) Move @ Copy [1

Operation:
@ Translate ) Rotate
_J Reflect ) scale

Coordinate Sys. |i_sys. ﬂ
Type Caresian —

Global Local
b l:El b l:El
¥: E—12 ¥: |—1Z’E
z: [IZI z: [IZI
Apply | Reset Close |

a) Select the second vertex created on the bend of the mixing elbow.

b) SelecCopy underVertices in theMove / Copy Vertices form.

c) Selecflranslate (the default) undeDperation.

d) Enter the translation vectd,(-12 , 0) underGlobal to create the new vertex at a
position 12 units below the vertex you selected.

The inlet is 12 units below the second point created on the outer radhss of t

bend.

Note thatGAMBIT automatically fills in the values undkocal as you enter

values undeGlobal.

e) ClickApply.

© Fluent Inc., Sep-04
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Ly
f) Click the FIT TO WINDOW SB| command button at the top left of tdobal
Control toolpad to scale the model to fit into the graphics window.

g) Select the vertex just created in the graphics window.

h) Enter the translation vectat, 0, 0) underGlobal in theMove / Copy Vertices form
to create the new vertex at a position 4 units to the right of the vertex you selected.

i) Click Apply.

The vertices are shown in Figure 2-10.

Figure 2-10: Vertices to define the small pipe

3. Create straight edges for the small pipe.

o — CREATE EDGE <

GEOMETRY - EDGE

This command sequence opensQfeate Straight Edge form.
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Create Straight Edge

Vertices |uertex.1 q ﬂ
Type: @ Real A Mirtual

_eant Valums o l:i J

Label |

Apply | Reset. | Close |

a) Create straight edges for the small pipe by selectingettiiees marked K, L, M,
and J in Figure 2-11, in order, and accepting the selection.

Figure 2-11: Vertices to be used to create small pipe

The small pipe is shown (with the large pipe) in Figure 2-12.
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Figure 2-12: Completed small pipe

2-22 © Fluent Inc., Sep-04



MODELING A MIXING ELBOW (2-D)
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Step 6: Create Faces From Edges

1. Create a face for the large pipe.

@ (7

GEOMETRY — FACE

— FORM FACE

-

This command sequence opensQieate Face From Wireframe form.

Edges | edge_d

Create Face From Wireframe

il

Type: (@ Real

) Yirtual

_l Create planar tolerant face

Lahel |
Apply |

Reset |

Close

a) Shiftleft-click each edge of the large pipe, in turn, to form a continuous loop.

! The large pipe is created from the 10 edges shown in Figure 2-13. If you
select an incorrect edge, cli®eset in the Create Face From Wireframe form
to unselect all edges, and then reselect the correct edges.

© Fluent Inc., Sep-04
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Figure 2-13: Edges used to create face for large pipe

Note that the edges must form a continuous loop, but they can be selected in
any order. An alternative method to select several edges is tdebhiftaga

box around the edges. The box does not have to completely enclose the edges;
it only needs to enclose a portion of an edge to select it. The edges wil
selected when you release the mouse button.

b) Click Apply to accept the selected edges and create a face.
The edges of the face will turn blue.

2. Create a face for the small pipe by selecting the foursestymvn in Figure 2-14 and
then accepting the selected edges.
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Figure 2-14: Edges used to create face for small pipe

© Fluent Inc., Sep-04 2-25



Procedure MODELING A MIXING ELBOW (2-D)

Step 7: Specify the Node Distribution

The next step is to define the grid density on the edges of the geovimtrwill
accomplish this graphically by selecting an edge, assigning the number of nodes, and
specifying the distribution of nodes along the edge.

1. Specify the node density on the inlet and outlet of the large pipe.

Z 7 =

- EDGE — MESH EDGES

MESH

This command sequence opensiMesh Edges form.

Mesh Edges
Edges | edie ﬂ
M Pick with links Reoverse

Soft link Farm

E Use first edge settings
Grading B apply Default

Type Successive Ratio — |
Inver] B Double sided
Ratio 1 |-| 25
L]
Ratio 2 [:1 25
L]
Spacing B apply M

10 Interval count |

Options M Mesh
_l Remove old mesh
_l lgnore size functions

Apply | Reset | Close |

a) Shiftleft-click the edge marked EA in Figure 2-15.
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EB
EE EF
¥ 3
EC EJ El
EG
EA
EH

ED

Figure 2-15: Edges to be meshed

The edge will change color and an arrow and several circles will appear on
the edge.

b) Shiftleft-click the edge marked EB in Figure 2-15.

c) Check thatpply is selected to the right @rading in the Mesh Edges form and
thatSuccessive Ratio is selected in th&pe option menu.

The Successive Ratio option sets the ratio of distances between consecutive
points on the edge equal to the speciRatio.

d) Enterl.25 in the text entry box to the right Btio.

Alternatively, you can slide tiRatio slider box (the small, gray rectangle with
a vertical line in its center that is located on the slider bar) lunt5 is
displayed in th&atio text box.
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e) Select th®ouble sided check box unde@rading.

If you specify aouble sided grading on an edge, the element intervals are

graded in two directions from a starting point on the edGAMBIT
determines the starting point such that the intervals on either sithe @oint
are approximately the same length.

Note thatRatio changes t®atio 1 andRatio 2 when you select tHgouble sided
check box. In addition, the value you enteredRfdio is automatically entered
into both theRatio 1 and theRatio 2 text entry boxes.

f) Selectinterval count from the option menu und8pacing and enter a value ab in
the text entry box. Check thépply is selected to the right 8pacing.

GAMBIT will create 10 intervals on the edge.

g) Click theApply button at the bottom of the form.

2-28

Figure 2-16 shows the mesh on the inlet and outlet edges of the large pipe.

EA

EE
+ 3
EJ
EC
EH
ED

El

EG

EF

Figure 2-16: Edge meshing on inlet and outlet of large pipe
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2. Mesh the four straight edges of the large pipe.
a) Select the edges marked EC, ED, EE, and EF in Figure 2-16.

b) Check thatpply is selected to the right @rading in the Mesh Edges form and
click the Default button to the right ofirading.

GAMBIT will unselect théouble sided check box and set tiftatio to 1.

c) Check thatpply is selected to the right &pacing and selecinterval count from
the option menu.

d) Enter a value df5 in the text entry box belo@pacing and click theéApply button
at the bottom of the form.

Figure 2-17 shows the mesh on the straight edges of the large pipe.

EB
EE EF
¥ L
EC EJ El
EG
EA

EH

ED

Figure 2-17: Mesh on the straight edges of the large pipe
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3. Mesh the edge connecting the two pipes.

a)

b)

c)

d)

Select the edge marked EG in Figure 2-17.

Check thatpply is selected to the right @rading in the Mesh Edges form and
enter a value of for theRatio.

Check thatApply is selected to the right &pacing, selectinterval count from the
option menu, and enter a valuetéaih the text entry box belo@pacing.

Click theApply button at the bottom of the form.

4. Mesh the two edges on the outer radius of the bend of the mixing elbow.

a)

b)

d)

e)

2-30

Select the edge marked EH in Figure 2-17. The arrow shouldtpwiatds the
small pipe.Shiftmiddle-click the edge to reverse the direction of the arrow if
necessary.

! The arrow is small and you may have to zoom into the edge to seis it. It
located near the center of the edge.

Select the edge marked EIl in Figure 2-17. The arrow should pemtds the
small pipe. Shift-middle-click the edge to reverse the doactf the arrow if
necessary.

Check thatpply is selected to the right @rading in the Mesh Edges form and
enter a value dd.9 for theRatio.

Check thatApply is selected to the right &pacing, selectinterval count from the
option menu, and enter a valuel@fin the text entry box belo$pacing.

Click theApply button at the bottom of the form.

The mesh on the two edges on the outer radius of the bend is shown in Figure

2-18.
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EE

EB

EF

Figure 2-18: Mesh on outer bend of pipe

5. Set the grading for the inner bend of the mixing elbow.

a) Select the edge marked EJ in Figure 2-18.

b) Check thatpply is selected to the right @rading in the Mesh Edges form and

enter a value 09.85 for theRatio.

c) Select thd®ouble sided check box.

d) Unselect thdpply check box to the right @pacing.

You will not set a spacing on this edge, instead you wibAd¥IBIT calculate

the spacing for you when it meshes the face. You will mesh the fageausi
mapped mesh, so the number of nodes on the inner bend of the mixing elbow
must equal the number of nodes on the outer bend, GAMIBIT will

determine the correct number of nodes for you automatically.

© Fluent Inc., Sep-04
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Mesh Edges

Edges | edge. T

M Pick with links Feverse

|

Soft ink Faorm

M Use first edge settings

Grading W spply Default

Type  Syccessive Ratio — |

Ihvert M Double sided

Ratio 1 ||:|_352
L

Ratio 2 ED'BE
L1

Spacing | apply Defadlt

1 Interval size - |

Options _1 Mesh

Apply | Reset |

_| Remove old mesh
_l lgnore size functions

Close

e) Unselect thdMesh check box undeOptions and click theApply button at the
bottom of the form.

2-32

You unselected thidesh check box because at this point you do not want to
mesh the edge; you only want to apply Gnading to the edgeGAMBIT will
mesh the edge using the specifieading when it meshes the large pipe of the
mixing elbow in the next step.

Figure 2-19 shows the edge meshing for the mixing elbow geometry.
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Figure 2-19: Edge meshing for the mixing elbow
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Step 8: Create Structured Meshes on Faces

1. Create a structured mesh for the large pipe.

B &

(7

MESH — FACE — MESH FACES

This command sequence opensMbsh Faces form.
Faces | face. ﬂ
Scheme: M Apply M

Elements: Quad  —

Type: ET =

Smoother: Mone  —

Spacing: M Apply  Default

1 Interval size |

Options: M tdesh
_| Remaove old mesh

| Bmms natr migsh
_l Ignore size functions

Apply | Reset | Close |

a) Shiftleft-click the large pipe in the graphics window.

Note that four of the vertices on this face are marked with Enirf the
graphics window; they arénd vertices. ThereforeGAMBIT will select the
Map Type of Scheme in the Mesh Faces form. See th&SAMBIT Modeling
Guide for more information okap meshing.

b) Click theApply button at the bottom of the form.
GAMBIT will ignore thelnterval size of 1 underSpacing, because the mapped

meshing scheme is being used and the existing edge meshing fully dstermine
the mesh on all edges.
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Notice thatGAMBIT calculates the number of nodes on the inner bend of the
mixing elbow and displays these nodes before creating the mesh on the face.

The face will be meshed as shown in Figure 2-20.
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2. Mesh the small pipe of the mixing elbow.
a) Select the small pipe in the graphics window.

You will forceGAMBIT to use théflap scheme to mesh the smaller face.

Figure 2-20: Structured mesh on the large pipe of the mixing elbow

b) In the Mesh Faces form, selectQuad from the Elements option menu under

Scheme andMap from the option menu to the right Gfpe.

This is an example of “enforced mapping”, wheBAMBIT automatically

modifies the face vertex type on the face to satisfy the chosbmgischeme.

See thésAMBIT Modeling Guide for more information on face vertex types

¢) Retain the defaulbterval size of 1 underSpacing and click theApply button at the

bottom of the form.

The structured mesh for the entire elbow is shown in Figure 2-21.
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Figure 2-21: Structured mesh for the mixing elbow
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Step 9: Set Boundary Types

1. Remove the mesh from the display before you set the boundary types.

This makes it easier to see the edges and faces of the geometnyesthés not
deleted, just removed from the graphics window.

a) Click theSPECIFY DISPLAY ATTRIBUTES command butto E' at the bottom of
the Global Control toolpad.

b) Select théff radio button to the right dlesh near the bottom of the form.
c) Click Apply and close the form.

2. Set boundary types for the mixing elbow.

=)
ZONES By — SPECIFY BOUNDARY TYPES B

This command sequence opensSpeeify Boundary Types form.
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Specify Boundary Types

FLUENT 4

Action:
@ Add ) Modify
ADelete ) Delete all

Mame Type
inflow INFLOW 4
inflowz INFLOW

- e =
_| Show labels _| Shows colors

Hame: |Enutﬂnw
Type:
OUTFLOYW —

Entity:

Edges — ||[edge.7 ﬁ

Lahel Type
edge 7 Edge —

Remove | Edit |

Apply | Reset | Close |

Note thatFLUENT 4 is shown as the chosen solver at the top of the form. The
Specify Boundary Types form displays differenTypes depending on the solver
selected.

a) Define two inflow boundaries.
i. Enter the namiflowl in theName text entry box.

If you do not specify a nam8AMBIT will give the boundary a default
name based on what you select inTingge andEntity lists.

ii. SelectINFLOW in theType option menu.
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iii. Change theEntity to Edges by selectindg=dges in the option menu belotntity.

iv. Shiftleft-click the main inflow for the mixing elbow in the graphisgdow
(marked EA in Figure 2-22) and clidipply to accept the selection.

EB

_/

EA
EK

Figure 2-22: Boundary types for edges of mixing elbow

This edge will be set as an inflow boundary.
v. Enterinflow2 in theName text entry box.

vi. Check thatNFLOW is still selected in th&ype option menu and select the edge
marked EK in Figure 2-22 (the inlet for the small pipe). CApply to accept
the selection of the edge.

b) Define an outflow boundary.
i. Enteroutflow in theName text entry box.

i. Change theType to OUTFLOW by selectingOUTFLOW in the option menu
belowType.

iii. Select the main outflow for the mixing elbow (the edge mak® in Figure
2-22) and clickApply to accept the selection.
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The inflow and outflow boundaries for the mixing elbow are shown in Figure
2-23. (NOTE To display the boundary types in the graphics window, select
the Show labels options on thé&pecify Boundary Types form.)

htypegOUTFLOW

btype= INFLOW

ype= INFLOW

Figure 2-23: Inflow and outflow boundaries for the mixing elbow

Note that you could also specify the remaining outer edges of the mixing
elbow as wall boundaries. This is not necessary, however, because when
GAMBIT saves a mesh, any edges (in 2-D) on which you have not specified a
boundary type will be written out as wall boundaries by default. In addition,
when GAMBIT writes a mesh, any faces (in 2-D) on which you have not
specified a continuum type will be writtenFas)ID by default. This means that

you do not need to specify a continuum type inSgreeify Continuum Types

form for this tutorial.
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Step 10: Export the Mesh and Save the Session
1. Export a mesh file for the mixing elbow.

File — Export — Mesh...

This command sequence openshiygort Mesh File form. Note that th&ile Type
is Structured FLUENT 4 Grid.

|

File Type: Structured FLUENT 4 Grid

File Hame: | Zdelhow] GRD Browse...

] Bt g Dl

Accept. Close

a) Enter theFile Name for the file to be exporte@{DELBOW.GR.
b) Click Accept.
The file will be written to your working directory.

2. Save the GAMBIT session and exit GAMBIT.

File — Exit

GAMBIT will ask you whether you wish to save the current session before you
exit.

|

Save the current session
(Zdelbowr)
before exit?

Click Yes to save the current session and exit GAMBIT.
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2.5 Summary

This tutorial shows you how to generate a 2-D mesh using the “baftbrapproach.
Since the mesh is to be used in FLUENT 4, it was generatesimgla block, structured
fashion. Several other features that are commonly used for 2-D emstation were also
demonstrated, including entering vertices using a background gritingrefraight edges
and arcs, and specifying node distributions on individual edges. As contparetbrial

1, which omitted some details, all steps required to create la ready to read into the
solver were covered, including how to set boundary types, choose a specific Fluemt solv
and finally write out the mesh file.
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3. MODELING A THREE-PIPE INTERSECTION (3-D)

This tutorial employs “primitives”™—that is, predefined GAMBIT mtidg components
and procedures. There are two types of GAMBIT primitives:

* Geometry
* Mesh

Geometryprimitives are volumes possessing standard shapes—such as dylickigrs,
and spheredvleshprimitives are standard mesh configurations.

In this tutorial, you will use geometry primitives to creatti@e-pipe intersection. You
will decompose this geometry into four parts and add boundary layagdlyFiyou will
mesh the three-pipe intersection and will employ a mesh prinidivgesh one part of the
decomposed geometry.

In this tutorial you will learn how to:
» Create volumes by defining their dimensions
e Splita volume
» Use GAMBIT journal files
« Add boundary layers to your geometry
» Prepare the mesh to be read into POLYFLOW

3.1 Prerequisites

This tutorial assumes you have worked through Tutorial 1 and you areqoemsly
familiar with the GAMBIT interface.
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3.2 Problem Description

The problem to be considered is shown schematically in Figure 3-1gddwetry
consists of three intersecting pipes, each with a diameter of Gandits length of 4 units.
The three pipes are orthogonal to each other. The geometry can dsentpd as three
intersecting cylinders and a sphere octant at the corner of the intersection.

Figure 3-1: Problem specification
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3.3 Strategy

In this tutorial, you will quickly create the basic geometry diothree-pipe intersection.
The basic geometry can be automatically meshed with tetralmdrgour goal in this
tutorial is to create a conformal, hexahedral mesh for POLYFL@Nith requires some
decomposition of the geometry before meshing. Thus, the tutorial showsoédne typi-
cal procedures for decomposing a complicated geometry into “meshable” volumes.

The first decomposition involves using a brick to split off a portion of the threegre
section. The resulting volume is described as a sphere “octantéigmé of a sphere)
residing in the corner of the intersection, as shown in Figure 3-2.vdhime, which is

very similar in shape to a tetrahedron, will therefore be mesbied) GAMBIT's Tet
Primitive scheme. Note that this creates a hexahedral mesh in a tetrahedral topology; it doe
not create tetrahedral cells.

Figure 3-2: Decomposition of the three-pipe intersection geometry

The remaining geometry is then split into three parts, one fdr ppe, as shown in
Figure 3-1. To do this, you will create an edge and three facearthatsed to split the
volume into the required three parts. These volumes are meshedédiigl T's Cooper
scheme (described in detail in the GAMBIT Modeling Guide). Thieriait illustrates
three different ways to specify the source faces required [otper scheme.
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Two other helpful topics are covered in this tutorial: the use oh@liles and the mesh-
ing of boundary layers. The journal file contains a record of all gommand inputs to
GAMBIT. This file can be edited and your inputs can be converted artable parame-
ters that allow subsequent geometries (with changes in key dimensions niptedxa be
quickly created and meshed. The boundary layer meshing tools in GAMBI¥ you to
control how the mesh is refined near walls and other boundaries.
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3.4 Procedure
Start GAMBIT.

Step 1: Select a Solver

1. Choose the solver you will use to run your CFD calculation bytgedethe following
from the main menu bar:

Solver — POLYFLOW
The choice of a solver dictates the options available in various forons (f
example, the boundary types available in $pecify Boundary Types form). The
solver currently selected is indicated at the top ofGReVBIT GUI.

Step 2: Create the Geometry

1. Create the three pipes for the intersection.

(7

@

‘0
| ==
s )

]
i<
—
=
=
o
o
3

GEOMETRY — VOLUME — CREATE VOLUME

This command sequence opensQieate Real Cylinder form.

Create Real Cylinder

Height |10
Radius 1|3
Radius 2

11
iRl

Rz

Coordinate Sys. [c_sys. ﬂ
Axis Location FPositive £ 4

Lahel |

Apply | Reset | Close |

a) Create the first pipe.
i. Enter aHeight of 10 in theCreate Real Cylinder form.

ii. Enter3 for Radius 1.
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The text entry box foRadius 2 can be left blankGAMBIT will set this
value by default to be the same valu®adius 1.

iii. SelectPositive Z (the default) in the list to the right Akis Location.
iv. Click Apply.

b) Create the second pipe. Use the sHeright andRadius 1 as above, and select
Positive X in the list to the right ofxis Location.

c) Create the third pipe. Use the saHeight and Radius 1 as above, and select
Positive Y in the list to the right olxis Location.

Ly
2. Click theFIT TO WINDOW command buttol*B] at the top left of th&lobal Control

toolpad, to view all three cylinders.

You can rotate the view by holding down the left mouse button and moving the
mouse. The cylinders are shown in Figure 3-3.

Figure 3-3: Three cylinders for the three-pipe intersection
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3. Create a sphere to complete the basic geometry.

@ )

Sph
GEOMETRY — VOLUME . CREATE VOLUME L= HR@ i

This command sequence opensQteate Real Sphere form.

Create Heal Sphere
Radius |

Coordinate 3ys. |c_sysi ﬂ

Label L

Apply | Reset | Close |

a) Enter3 for theRadius.
b) Click Apply.

4. Unite the four volumes into one volume.

GEOMETRY o — VOLUME J — BOOLEAN OPERATIONS
This command sequence openslhige Real Volumes form.
Volumes |Ivn|ume.4 ﬂ
_| Retain
Apply | Reset | Close |

a) Shift-left-click all of the volumes in the graphics window, and dlpgly.

These volumes will be united into one volume. The completed geometry is
shown in Figure 3-4.

© Fluent Inc., Sep-04 3-7



Procedure MODELING A THREE-PIPE INTERSECTION (3-D)

14

Figure 3-4: The completed geometry
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Step 3: Decompose the Geometry

It is possible to automatically mesh this full geometry using Tted scheme.
However, it is not possible to automatically mesh this geometry asitifiormal
hexahedra. In order to generate a conformal hexahedral mesh, you must now
decompose the geometry into portions, each fulfilling the criteria of adlail
hexahedral meshing schemes. In this example, you will create a brickithhe

used to split the three-pipe volume, forming a sphere octant (one-eighpbéee)
where the three pipes intersect. You will then create an edge, andtw$er three

faces inside the geometry. These faces will be used to splitrdéleeptipe intersection
volume into three pipe sections.

1. Create a brick.

(7

9 “R () Brick

@

GEOMETRY — VOLUME — CREATE VOLUME

This command sequence opensQieate Real Brick form.

width{X) |3
Depth(Y) ' ::,LQ’
Height(Z) | 1 d

Coordinate Sys. [c_sys. ﬂ
Direction -R =Y -2 4

Label l:

Apply | Reset. | Close |

a) Enter a value & for theWidth of the brick.

GAMBIT will set theDepth and theHeight of the brick to be the same as the
Width if no values are entered in these fields in the form.

b) SelectX-Y -Z in the list next tdirection.
c) Click Apply.

The view in the graphics window is shown in Figure 3-5.
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Figure 3-5: Three-pipe geometry and brick

2. Split the volume and create a sphere octant volume where the three pipest.interse

If you split one volume with another volume, the following volumes will result:
* Volumes corresponding to the common region(s) from intersection.

* Volumes corresponding to the region(s) defined by subtracting the second
volume from the first.

In other words, splitting a volume results in a combination of the intioseand
subtraction Boolean operations. The order of selecting the volumes is important
For example, Figure 3-6 shows the difference between splitting volunsng

volume B, and vice versa.
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Region of
intersection B

A

Split A with B

Intersecting volumes

Split B with A

Figure 3-6: Splitting volumes

@ =

‘@

GEOMETRY — VOLUME — SPLIT/MERGE VOLUMES

This command sequence opensSpli Volume form.
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Jplit Volume

Volume |Evn|ume.1 ﬂ

Split With Yaolume (Reall — |

Volume |Iuo|ume.2 ﬂ
_| Retain

_| Bidirectional
B Connected

Apply | Reset | Close |

a) Select the three-pipe volume in the graphics window.
b) Selectolume (Real) as theSplit With option.

c) Left-click in theVolume list box located below th8plit With section to make the
Volume list box active.

d) Unselect th@idirectional option.
e) Select the brick and clidpply to accept the selection.

GAMBIT will split the three-pipe volume using the brick, leaving two
volumes: the three pipego(ume.1) and the sphere octanto{ume.3).

3. Create a straight edge inside the three-pipe volume.

@

1 —_—
GEOMETRY _, epGe ] _ CREATE EDGE L=

This command sequence opensQieate Straight Edge form.
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Create Straight Edge

Vertices |Iverte:-<.1 2 ﬂ

Type: @ Real ) Virtual

W it l:i J
Label |]
Apply |  Reset |  ciose |

a) Shiftleft-click the vertex at the origirG, Gy, G2).
b) Select the vertex that is shared by all three cylindersy = z).
c) Click Apply to accept the selected vertices and create an edge between them.

The edge is shown in Figure 3-7 and will appear yellow in the graphics
window.

Figure 3-7: Straight edge created inside the volume
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4. Create faces inside the three-pipe volume.

GEOMETRY o

L PR,

- race .2, FORMFACE

This command

a) Create a face inside the geometry using the edge created in the preyious st

sequence opensQieate Face From Wireframe form.

Create Face From Wireframe
Edges | edge.z24 ﬂ
Type: (@ Real ) ¥irual

_| Create planar tolerant face

Label |}
Apply | Reset | Close |

i. Select the edge created in the previous step.

ii. Select a curved edge on one of the cylindrical surfacesstisannected to the

edge just selected.

iii. Select the edge that closes the loop.

The three edges to be selected are shown in Figure 3-8.

3-14
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Figure 3-8: Three edges used to create a face

iv. Click Apply to accept the selection and create a face.
The edge created in the previous step will turn blue.

b) Create a second face by selecting the blue edge, a diftergat edge connected
to the blue edge, and the edge that closes the loop.

c) Create a third face by selecting the blue edge, the thivédwdge connected to
the blue edge, and the edge that closes the loop.

The three faces are shown in Figure 3-9. It may be useful to remove the
volumes from the display; it is then easier to see the facesrgated. The
volumes are not deleted, just removed from the graphics window. To remove
the volumes from the display, click ti$PECIFY DISPLAY ATTRIBUTES

command butt0| at the bottom of th&lobal Control toolpad. Select the
check box to the left dfolumes. Select theOff radio button to the right of
Visible near the bottom of the form, and cliégply. Turn the visibility of the
volumes back on after you have examined the faces.
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Figure 3-9: Three faces created inside the pipe intersection

5. Split the three-pipe volume using the faces created in the previous step.

& (7 95

— SPLIT/MERGE VOLUMES

GEOMETRY — VOLUME

This command sequence opensSpi# Volume form.
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Jplit Volume

Volume |Evn|ume.1 ﬂ

Split With Yolume (Real] o |

Volume |Ira|:e.24 ﬂ
_| Retain

_| Bidirectional
B Connected

Apply | Reset | Close |

a) Select the three-pipe volume in the graphics window.
b) Selecface (Real) as theSplit With option.

c) Left-click in theFace list box locatedelowtheSplit With section tanake theFace
list box active.

d) Pick one of the internal faces created in the steps above.

Shiftmiddle-click on a face if you need to unselect it and select the face next
to it.

e) ClickApply to split the volume.

f) Repeat Steps (a) through (e), using one of the other two infaoes to split the
three-pipe volume.

g) Repeat Steps (a) through (e) again, using the remaining inteceato split the
three-pipe volume.

GAMBIT will create three volumes that are connected with common
geometry. The decomposed geometry is shown in Figure 3-10 and is now
ready to be meshed.
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Figure 3-10: Decomposed geometry
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Step 4: Journal Files

I Note that this step is not an essential part of the tutorial and igmEito provide
information on using journal files IGAMBIT .

Every time a GUI operation is performed@AMBIT, the corresponding commands
are automatically written to a journal file. This journal file, therefopeovides a
backup copy of all the commands for the current session.

Journal files can be used to recreate a geometry or mesh that wagciieat
previous session. You can view, run, and edit journal fileGAMBIT. See the
GAMBIT User’s Guide for more information on journal files.

1. View the journal file for the current GAMBIT session.
File — Run Journal...

This command sequence opensRimeJournal form.

|

Mode: _JRun @ Edit / Run

Fle Name: | hume!useﬂ‘GﬁMBlTJzﬁﬁfinu Browse...

Current Journal
Accept Close

a) Select th&dit/ Run Mode option at the top of the form.
b) Click theCurrent Journal button.

TheFile Name for the current journal file will appear in the form.
c) Click Accept.

This action opens thEdit/Run Journal form. You can see the journal file for
the current session, showing every step completed.
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/ Journal File for GAMEIT 2.2 17, Datsbase 2 2. 14, HP-UX BHOA0B1L[ %
/ Identifier "intersection"

/ File opened for write Wed Aug 18 15:01:25 2004,

solwver select "POLYFLOW"

rrolume create height 10 radiusl 3 radius3 3 offset 0 0 5 zaxis fu
olume create height 10 radiusl 3 radius3 3 offset 5 0 0 x=axmis fu
wolume create height 10 radivsl 3 radius3d 3 offset 05 0 yaxis fu
rolume create radivs 3 sphere

rwolume unite wolumes "wolume. 1" “"wolume. 2" "wolume. 3" "wolume. 4"
rolume create width 5 offset -2.5 -2.5 -2.5 hrick

rolume split "wolume. 1" wolumes "wvolume. 2" connected

edge create straight “wertex 20" “wertesx 12"

face create wireframe "edge. 30" "edge. 16" "edge. 28" real

face create wireframe "edge. 30" "edge. 13" "edge. 24" real

face create wireframe "edge. 30" "edge. 9" "edge. 29" real

rolume split "wolume. 1" faces “"face 24" cornnected

wolume split "wolume. 1" faces "face 25" cornected

wolume split "volume. 1" faces "face. 26" connected

I R T

[-] ]
File Mame: | homesuser/GAMBIT. 1283/ 0. Browse...

- Auto | Step | Load Save | Close |

2. Edit the current journal file.
a) Left-click at the end of the first line and pressEnéerkey.
GAMBIT will open a new line where you can type a command.
b) Typereset in the new line.

I If you run the journal file without executing theset commandGAMBIT
creates new geometry on top of the existing geometry.

3. Save the journal file with a new name.

a) In the File Name text entry box at the bottom of the form, delete the text
“GANVBI T. #####/ | ou”.

##### is the process identifier for the curre€BAMBIT session. In the above
form, ##### is 1283.

b) Rename the journal file by typipi pe. geo in theFile Name text entry box.
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¢) Click theSave button at the bottom of the form.

The file will be saved to your working directory. By saving the jouiteato
another name, you ensure that it will not be overwritten or appended.

4. Replay the steps you have taken in the current session.

a) Hold down the right mouse button in FEXT EDIT FIELD (this name will be dis-
played in theDescription window when the mouse cursor is over this field) of the
Edit/Run Journal form until a menu appears. Choose Setect All option in the
menu.

A black box in thelINE EXECUTION COLUMN of theEdit/Run Journal form
indicates that a line is selected. Note that all lines are now mankiéda
black box. You can select/unselect individual lines by clicking thentafse
button on the arrow on the left side of the required line.

b) Repeatedly click thBtep button at the bottom of tHedit/Run Journal form until a
cylinder appears in the graphics window.

Note thatGAMBIT’s current position in the journal file is marked by an
asterisk in theLINE EXECUTION COLUMN of theEdit/Run Journal form. The
Step button allows you to step through a journal file one line at a time. Each
time theStep button is clicked GAMBIT will execute the next highlighted
line; it will skip any lines that are not highlighted.

GAMBIT has used the information in the journal file to recreate the first
cylinder you created in Step 2.

c) Click theStep button again.
A second cylinder appears in the graphics window.
d) Click theAuto button in theEdit/Run Journal form.

The Auto button allows you to automatically rerun a journal file. If thgo
button is used,GAMBIT will automatically execute all lines that are
highlighted, and skip any lines that are not highlightédAMBIT just used
your journal file to redo the geometry creation and decomposition for the
three-pipe intersection. Each line of the journal file was displayechén t
Transcript window as it was executed.

e) Close thé&dit/Run Journal form.
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Step 5: Turn Off Automatic Smoothing of the Mesh

It is necessary to turn off smoothing of the mesh in this exampleetentrthe
boundary layers from being smoothed out during the volume meshing.

Edit — Defaults...
This command sequence opensBtiieDefaults form.

| |

GRAPHICS FILE 10 | cab | TooLs | TurBO |
MESH GEOMETRY | GLOBAL | GuI | eBEL |

I INTERW AL i F&CE ) CARTESIAM IMODES |
I FLAGS I WOLUME I TRIMESH I MODIFY J
N EHAMIMNE A TETPRIMITIVE I TETMESH
[
_l_

|Var:i.a.ble Value Description —
BRCLENGTH TFI 1 Flag for arc length based b! J
COLOR yellow Face mesh color

EXACT MESH EVALS 0 Flag for exact evaluations .
PaRaM EVALS 1 Flagy for usage of w, + para
PROJECT TO SURFACE 1 Control of final exact proj
SCHEME 12 Face meshing scheme (10=mzap
SMOOTH SCHEME 50 Face smoothing scheme w/fix
MOVE_EL_MNODES 1 Bllow mowing EL nodes when
VISIBILITY 1 Face mesh default wisibilit
[ I

Modify| Reset||auTn_suooms Value [0

Load | | $HOME/GAMEIT.ini Browse...
Save| | $HOME/GAMBIT.ini Browse...

- Close -
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1. Select th&1ESH tab at the top of the form.
This displays the types of meshing for which you can set defaults.
2. Select th&ACE radio button.

GAMBIT displays thevari abl es for which defaults are set in a list in tEdit
Defaults form.

3. SelecAUTO SMOOTH in theVari abl e list.

AUTO_SMOOTH will appear in the text entry box at the bottom of the list and its
default value will appear in th¥alue text entry box.

4. Enter a value di in theValue text entry box.
5. Click theModify button to the left oAUTO_SMOOTH.
TheValue of the variableAUTO_SMOOTH will be updated in the list.

6. Close thé&dit Defaults form.
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Step 6: Apply Boundary Layers at Walls

Boundary layers are layers of elements growing out from a boundary into the
domain. They are used to locally refine the mesh in the direction naraafaice or

an edge. A single boundary layer can be attached to several face/edge pairs or
volume/face pairs. The direction of the boundary layer is indicated duringhgick
with an arrow that points towards the middle of the active face or volume.

1. Create boundary layers on the edges where the sphere octant intersects.the pipes

e

MESH B — BOUNDARY LAYER @ — CREATE BOUNDARY LAYER

This command sequence opensQfeate Boundary Layer form.
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Create Boundary Layer

I W Show

b
a

Definition:
Algorithm: @ iniform
) Aspect ratio based

First rowr (a) 0%

Growth factor (bfa) |1 .4
| L1

Rows 1
L

Depth (D} i0.7104

_l Internal continuity
_| Wedge comer shape

Transition pattem:
@ 11 4 331 5

Frogmition Hows

Attachment:

Edges — | edge.11] ﬂ
Label I}

Apply | Reset | Close |

a) Enter0. 1 next toFirst row underDefinition.

This defines the height of the first row of elements normal to the edge.
b) Enterl. 4 next toGrowth factor.

This sets the ratio of distances between consecutive rows of elements.

¢) Move the slider box beloRows until the number of rows 4.

This defines the total number of element rows. NoticeGAMBIT updates
theDepth automatically. The depth is the total height of the boundary layer.
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d) Retain the defauRlgorithm (Uniform).
e) Retain the defauiltransition pattern (1:1).

f) Select one of the three curved edges where the sphere ot&msects the pipes
(Figure 3-11).

The boundary layer will be displayed on the edge.

g) Check that the arrow indicating the direction of the boundary laypointing
towards the origin@x, Gy, Gz). If it is not, Shiftmiddle-click the edge until the
arrow is pointing in the correct direction.

h) Select a second curved edge where the sphere octant inténgeqipes and
ensure that the arrow on the edge is pointing towards the origin.

i) Repeat for the third curved edge.
The boundary layers will be displayed on the edges as shown in Figure 3-11.

j) Click Apply in theCreate Boundary Layer form to apply the boundary layers to the
edges.

Figure 3-11: Boundary layer on three edges of the sphere octant
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2. Repeat the above steps to create the same boundary layertore¢heurved edges
where the three pipes intersect, as shown in Figure 3-12. Agaiarrthes on the
edges must point towards the origin.

Figure 3-12: Boundary layers on the three edges where the pipes intersect
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Step 7: Mesh the Sphere Octant Volume

1. Mesh the sphere octant.

i) 5 &

MESH — VOLUME — MESH VOLUMES

This command sequence opensMesh Volumes form.

Mesh Yolumes

Volumes |Ivn|ume.2 ﬂ
Scheme: M Apply  Default
Elements: Hepx _

Type: Tet Primitive o

Spacing: M apply  Default
1 Interval size — |

Options: M Resh
_| Bemove old mesh
| Hemprrn sy saoh
_| Ignore size functions

Apply | Reset | Close |

a) Select the sphere octant in the graphics window.

GAMBIT automatically selectslex Elements and theTet Primitive Type under
Scheme in the Mesh Volumes form, because the volume represents a logical
tetrahedron. (NOTEThe Tet Primitive scheme divides a logical tetrahedron
into four logical-hexahedral blocks and creates hexahedral mesh elements in
each block. TheTet Primitive scheme doesiot create tetrahedral mesh
elements. (See tli@AMBIT Modeling Guide.))

b) Accept the defaulbterval size underSpacing in theMesh Volumes form and click
the Apply button at the bottom of the form.

The mesh for the sphere octant is shown in Figure 3-13 Note the boundary
layers you applied on three faces of the sphere octant.
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Figure 3-13: Mesh on sphere octant

2. Remove the mesh from the display before you mesh the three pipes.

This makes it easier to see the edges and faces of the geometnye§thés not
deleted, just removed from the graphics window.

5 || at the bottom of

a) Click theSPECIFY DISPLAY ATTRIBUTES command butto
the Global Control toolpad.

b) Select thdllesh:Off option near the bottom of the form.
c) Click Apply and close the form.

The boundary layers will still be visible in the graphics window.
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Step 8: Mesh the Pipe Volumes

You will now mesh the three pipes. These volumes will be meshed>@MBIT 's
Cooper scheme (described in detail in tAMBIT Modeling Guide). This tutorial
illustrates three different ways to specify the source fatesféices whose surface
meshes are to be swept through the volume to form volume elemguiddy the
Cooper scheme. In the first example, you will modify the face venpes tfor the side
face of one pipe. This is the safest way to ensure correct meshitige second
example, you will enforce ti8ebmap scheme on the side face of the pipe. In the third
example, you will enforce thenoper meshing scheme for the volume and hand-pick
all the source faces.

Mesh one of the pipes by changing the vertex type on the waltd&mz and then
using theCooper meshing scheme to mesh the volume.

By changing the vertex type $ie on the wall face of the pipe, you will enable
GAMBIT to use theSubmap scheme on this face. The criteria for tBeoper
meshing scheme will then be fulfilled for the pipe, and the pipe caresieech
using theCooper scheme.

a) Change the vertex type on the wall facBide.

@

_l _, SET FACE VERTEX TYPES L

MESH — FACE

This command sequence opensSétdrace Vertex Type form.

Set Face Vertex Type

Face |Efa|:e.2 ﬂ

Type
JEnd ) Reversal

@ Side ) Trielement

_J Carner ) Motrielement
Vertices |Ivertex.1 2 ﬂ

_| Boundary [ayer only

Apply | Reset | Close |

i. Select thdype:Side (default) option.
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ii. Select the wall face of the pipe (shown in Figure 3-14)ha graphics
window. Note the vertex on the wall face marked with Bnhfor End (where
the three pipes intersect).

Wall face of

first pipe

Figure 3-14: Wall face of the first pipe volume showingBhe vertex
iii. Left-click in the Vertices list box.

iv. Select the vertex that was marked with &hih the graphics window (where
the three pipes intersect, as shown in Figure 3-14).

v. Click Apply in theSet Face Vertex Type form.

The vertex will be changed Tgpe “S” for Side. A message will appear in
theTranscript window stating that the vertex was set to tyide.

b) Mesh the pipe volume using tGeoper meshing scheme.

MESH B — VOLUME J — MESH VOLUMES &

This command sequence opensMesh Volumes form.
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Mesh Yolumes

Volumes |Ivn|ume.4 ﬂ

Scheme: M Apply  Default

Elements: Hex'Wedge o
Type: Cooper o

Sources | Face.Z6 ﬂ
Spacing: M apply  Default

[l Interval size |

Options: M Resh
_| Remove old mesh
_E
_| Ignore size functions

Apply | Reset | Close |

i. Select the first pipe volume in the graphics window.

Note thatHex/Wedge Elements and the Cooper Type are automatically
selected undeScheme in the Mesh Volumes form because you changed
the vertex type on the wall faceSide.

GAMBIT automatically selects the source faces because you changed the
vertex type on the wall face $ale.

ii. Retain the defaulinterval size of 1 and click theApply button at the bottom of
the form.

The pipe will be meshed as shown in Figure 3-15.
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Figure 3-15: Pipe meshed by changing the vertex type on the wall faide to
and using th€ooper meshing scheme

I It may be useful to remove the mesh from the display at this gamthien
easier to see the faces of the geometry for the other two pipesiélteis
not deleted, just removed from the graphics window. To remove the mesh
from the display, click th8PECIFY DISPLAY ATTRIBUTES command button

E' at the bottom of th@lobal Control toolpad. Select théff radio button
to the right oMesh near the bottom of the form and cliéply.

2. Mesh the second pipe using 8ubmap scheme on the wall face of the pipe and using
the Cooper meshing scheme to mesh the volume.

By enforcing theSubmap scheme on the wall face of the pigRAMBIT will
automatically modify the vertex types on this face to honoBubmap scheme.
The criteria for theCooper meshing scheme will then be fulfilled for the pipe, and

the pipe can be meshed using @lveper scheme.

a) Setthe meshing scheme for the wall facgbmap.

&

MESH B — FACE 2] MESH FACES

This command sequence opensMbsh Faces form.
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Faces |Ifau:e.1 5 ﬂ
Scheme: M Apply  Default

Elements: Quad  —
Type: Submap

Spacing: M Apply  Default

il Interval size  — |

Options: —I Mesh
_| Remave old mesh

& s
_| Ignore size functions

Apply | Reset | Close |

i. Select the wall face of the second pipe (shown in Figure 31tbe graphics
window.

Wall face of
second pipe

.

Figure 3-16: Wall face of the second pipe volume
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ii. SelectQuad in the Elements option menu unde8cheme, and selecSubmap
underType.

See theGAMBIT Modeling Guide for more information on ti®abmap
scheme.

ii. Retain the defaulinterval size of 1.
iv. Unselect thdlesh check box unde®ptions.

You unselected thdesh check box because at this point you do not want
to mesh the face; you only want to apply the mes®ghgme to the face.
GAMBIT will mesh the face using the specif&theme when it meshes
the pipe volume.

v. Click theApply button at the bottom of the form.

b) Mesh the pipe volume using tBeoper meshing scheme.

i)

7 &

MESH — VOLUME — MESH VOLUMES

This command sequence opensiMesh Volumes form.

Mesh Yolumes

Volumes |Iun|ume.1 ﬂ
Scheme: M fpply  Default

Elements: HexMWedge o
Type: Cooper o

Sources | Face.25 ﬂ

Spacing: M Apply  Default

il Interval size o |

Options: M Mhesh
_| Remove old mesh
| s invenr siach
_l lgnare size functions

Apply | Reset | Close
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i. Select the pipe volume in the graphics window.

Note thatHex/Wedge Elements and the Cooper Type are automatically
selected undeBcheme in the Mesh Volumes form because you enforced
theSubmap scheme on the side face of the pipe.

GAMBIT automatically selects the source faces because you enforced the
Submap scheme on the side face of the pipe.

ii. Retain the defaulinterval size of 1 underSpacing and click theApply button at
the bottom of the form.

The pipe will be meshed as shown in Figure 3-17.

Figure 3-17: Pipe meshed using 8ubmap scheme for the wall face of the pipe and the
project scheme for the volume

I It may be useful to remove the mesh from the display at this fgagthen
easier to see the faces of the geometry for the last pipe.
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3. Mesh one of the pipes by hand-picking the source faces and therthesGugpper

meshing tool.
Mesh Yolumes

Volumes |Eun|ume.5 ﬂ
Scheme: M fpply  Default
Elements: Hex _

Type: Cooper

Sources |Iface.2lil ﬂ
Spacing: M Apply  Default

il Interval size o |

Options: M Mhesh
_| Remove old mesh
| s invenr siach
_l lgnare size functions

Apply | Reset | Close

a) Select the third pipe in the graphics window.

The criteria for theCooper scheme are not fulfilled for this pipe, because
GAMBIT cannot mesh the side face of the volume usindlgheor Submap
meshing schemes. However, you can f@a&BIT to use th€ooper scheme

on this volume by selecting tBeoper scheme and then manually picking the
source faces (the faces whose surface meshes are to be swept theugh t
volume to form volume elements). When you dpgly, GAMBIT will
automatically enforce th&ubmap scheme on the side face and modify the
vertex types to honor the scheme selected. SE8ANMBIT Modeling Guide

for more information on using tlaoper meshing scheme.

b) SelectHex in the Elements option menu unde8cheme, and selec€ooper under
Type.

c) Left-click in theSources list box in the form, and then pick the source faces for
the mesh by selecting all the faces of the pipe except the pipeTie faces are
marked A through D in Figure 3-18.
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! Shiftmiddle-click on a face to unselect it and select the face next to it. You
can also clickReset in the Mesh Volumes form to unselect all faces and
volumes, and reset all parameters entered in the form.

The four faces to be selected are at opposite ends of the pipe, as shown in
Figure 3-18. You can select the faces in the graphics window, or you can use
theSources pick list.

Figure 3-18: Source faces used to mesh one of the pipe volumes
using theCooper meshing scheme

d) Retain the defaulbterval size of 1 underSpacing and click theApply button at the
bottom of the form.

4. Display the full mesh for the three-pipe intersection.

a) Click theSPECIFY DISPLAY ATTRIBUTES command butto E' at the bottom of
the Global Control toolpad to open th&pecify Display Attributes form.
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Procedure

windows )| OB | | | o |

darowps  an o |[f a
Jvolumes  an [T #
_| Faces Al ﬁﬂ
_| Edges All o
_| Vertices All
_| B. Layers all &
_| C. Sys Al o

_| visible @ on ) Off

LALALAL

:

_| Label @ On ) Off
_| Silhouette @ On ) Off
M HMesh @ On ) Off

_| Render Wire

M Lower topology
Apply | Reset | Close |

b) Select thdllesh:On option near the bottom of the form.

c) Click Apply to display the mesh, th@tose the form.

The mesh for the three-pipe intersection is shown in Figure 3-19.
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Y Y
St

Figure 3-19: Face meshes for the three-pipe intersection
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Step 9: Examine the Quality of the Mesh

1. Select theEXAMINE MESH @ command button at the bottom right of Glkebal
Control toolpad.

This action opens tHexamine Mesh form.

Examine Mesh

Display Type:
_IFlane @ Sphere ) Range

w lﬁ@

Quality Type:

Equiangle Skew — |

Display Mode:

wndows B | 09 | Y | 50 [ oo |
M Wire W Faceted
Faceting Type:

@ Cuality ) Shade _) Hidden

Cut Type:

A Display cut
@ Display elements

Cut Orientation:
J- 00 @+

X | L

v L

z | 11

R | _L1

a 1
A N Y O
Apply | Reset | Close |

a) Select th&phere option undeDisplay Type.
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This creates a section through the grid that is spherical in shape. For the
three-pipe geometry, a spherical section displays more useful information
than a planar section.

7

The3D Element type selected by default at the top of the form is a

b) Select or retaifquiAngle Skew from theQuality Type option menu.
c) Select the option undeCut Orientation near the bottom of the form.

The“+” option indicates that only elements on the positive side of the cut are
displayed. For a sphere, this means that only elements on the inside of the
sphere will be visible. TH&" option displays elements on the cut, and‘the
option displays elements on the negative side of the cut (the outside of t
sphere in this case).

d) Click theSELECT PRESET CONFIGURATION command button in th@lobal

Control toolpad.

This divides the graphics window into four quadrants and displays a different
view of the spherical section of the grid in each quadrant.

e) Hold down the left mouse button on %eslider box in theExamine Mesh form
and move it until the spherical cut is centered inathdirection in the graphics
window.

f) Move theY andZ slider boxes to center the spherical cut imtlaedz directions
in the graphics window. The graphics window display is shown in Figure 3-20.
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]

Operation

& o @)

File Edit Solver

Geometry

o afe

xamine Mesh

Display Type:
) Flans @ Sphere ) Range

etmon = [ || 0]

Quality Type:
Equidngle Skew o

Display Mode:

o 5| B | ) 5
M Wire W Faceted
Faceting Type:

@ GQuality ) Shade ) Hidden

ut Type:
) Display cut
@ Display elements
Cut Orientation:
J-  Jo0 @

X
\s
z
R

Wil

o 1
N N Y

Apply Reset Close

Glohal Control

Transcript @ Description ]
Gonmand> volume mesh "volune 5" cooper saurce "face 6" 'Face 24' "Face 26" "Face 20"  size 1 |3 || GRAPHICS WINDOV- LOVER LEFT active P | P | G | (| A |
Face face 12, wertex vertex 12 was set to side QUADRANT
Mesh generated for volume volume.5:  mesh volumes = 1112 [ -t &
Connand> windew nedify invisible nesh 7] 1= S
Connandy window nodify blayer invisible v

7 = a

= — e =
Command: [

Figure 3-20: Spherical cut centered in4he, andz directions

g) Move theR slider box in theExamine Mesh form to view the mesh on different
spherical cuts in the graphics window.

h) Hold down the left mouse button on tBBAPHICS-WINDOW SASH anchor, the
small gray box in the center of the four quadrants of the graphieowj and
drag it diagonally across the graphics window to the bottom right corner.

This restores a single window.
i) Close theExamine Mesh form.

The spherical cut of the mesh will be removed and the face meshbe wi
restored.
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Step 10: Set Boundary Types

1.

3-44

Remove the mesh and boundary layers from the display before yine $etundary
types.

This makes it easier to see the edges and faces of the geometmedihand
boundary layers are not deleted, just removed from the graphics window.

a) Click theSPECIFY DISPLAY ATTRIBUTES command butto E' at the bottom of
the Global Control toolpad.

b) Select th®ff radio button to the right dlesh near the bottom of the form.
c) Click Apply.

d) Select the check box to the leftBfLayers and selecDff from the option menu to
the right ofVisible near the bottom of the form.

e) ClickApply and close the form.

Set boundary types for the three-pipe intersection.

3

ZONES — SPECIFY BOUNDARY TYPES B

This command sequence opensSpezify Boundary Types form.
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Specify Boundary Types

POLYFLOW
Action:
@ Add ) Modify
ADelete ) Delete all

Mame Type
inflow ELEMENT_SIDE |=
outflowz ELEMEMT_SIDE
outflows ELEMEMT_SIDE

- e =
_| Show labels _| Shows colors

Hame: | wallf

Type:
ELEMENT_SIDE — |
Entity:
Faces — ||face 16 ﬂ
Lahel Type
face.1Z Face A
face.z Face J
face. 15 Face
-] [ |-
Remaoye | Edit |
Apply | Reset | Close |

a) Define the flow inlet.
i. Enter the naméenf | owl in theName text entry box.

POLYFLOW boundary and continuum names require number suffixes (such
as “1” in the name ‘i nfl owl”). The numbers should be assigned
sequentially, as illustrated in this tutorial. (See the POLYFLOWdJse
Guide and online FAQs for more information.)

ii. SelectELEMENT_SIDE in theType option menu.

The specific boundary types will be defined insidePOIEYFLOW solver.
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iii. Check thatFaces is selected as ttntity.

iv. Shiftleft-click the end of one of the pipes (the face marked A gurei 3-21)
and clickApply to accept the selection.

il

Figure 3-21: Boundary types for faces of the three-pipe intersection

b) Define the two flow outlets.
i. Enter the nameut f | ow2 in theName text entry box.

ii. Check thatELEMENT_SIDE is still selected in th&ype option menu an&hift
left-click the end of one of the other pipes in the graphics windobg féice
marked B in Figure 3-21).

iii. Click Apply to accept the selection of the face.

iv. Set theType for the end of the third pipe (the face marked C in Figure 3e21) t
be ELEMENT_SIDE, using theName out f | ow3.

c) Define wall boundary types for the walls of the three-pipe intersection.

i. Enter the nameal | 4 in theName text entry box.
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ii. Check thattELEMENT_SIDE is still selected in th&ype option menu and pick
all of the wall faces (the outer walls of the three pipes baduter face of the
sphere octant) in the graphics window.

I You will select four faces in total.
iii. Click Apply to accept the selection of the faces.

The boundaries for the three-pipe intersection are shown in Figure 3-22.
(NOTE To display the boundary types in the graphics window, select the
Show labels options on th&pecify Boundary Types form.)

LEMENT_SIDE

ELEHENTSIDE
e

“'}'g

ELEHENT_SIDE

e=ELEMENT_SIDE

Figure 3-22: Boundary types for the three-pipe intersection

Note that wherGAMBIT writes a mesh, any volumes (in 3-D) on which you
have not specified a continuum type will be writterrld4D by default. This
means that you do not need to specify a continuum type irSpéuify
Continuum Types form for this tutorial.
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Step 11: Export the Mesh and Save the Session
1. Export a mesh file for the three-pipe intersection.

File — Export — Mesh...

This command sequence opensBiport Mesh File form.

|

File Type: Generic Meutral

File Name: | intersectioneu Browse...

B D O T SR I X R

Accept Close

a) Enter theFile Name for the file to be exported (t er sect i on. neu).
b) Click Accept.
The file will be written to your working directory.
2. Save the GAMBIT session and exit GAMBIT.
File — Exit

GAMBIT will ask you whether you wish to save the current session before you
exit.

|

Save the current session
(intersection)
hefore exit?

Click Yes to save the current session and exit GAMBIT.
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3.5 Summary

In this tutorial, you created geometry consisting of three inténgepipes. Before creat-
ing the mesh, you decomposed the three-pipe geometry into four voltumdistee indi-
vidual pipes and the wedge-shaped corner of the intersection (the ‘Spttarg”). These
constituent volumes were readily meshed using GAMBCBbaper andTet Primitive mesh-
ing schemes.
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4. MODELING A COMBUSTION CHAMBER (3-D)

In this tutorial, you will create the geometry for a burner usitgp-down geometry con-
struction method in GAMBIT (creating a volume using solids). You thin mesh the
burner geometry with an unstructured hexahedral mesh.

In this tutorial you will learn how to:
* Move a volume
e Subtract one volume from another
* Shade a volume
* Intersect two volumes
* Blend the edges of a volume
» Create a volume using the sweep face option
* Prepare the mesh to be read into FLUENT 5/6

4.1 Prerequisites

This tutorial assumes that you have worked through Tutorial 1 and garoasequently
familiar with the GAMBIT interface.
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4.2 Problem Description

The problem to be considered is shown schematically in Figure 4-1gdtmetry
consists of a simplified fuel injection nozzle that feeds intorabristion chamber. You
will only model one quarter of the burner geometry in this tutoriatabse of the
symmetry of the geometry. The nozzle consists of two concenprés piith radii of 4
units and 10 units respectively. The edges of the combustion chamlideraded on the

wall next to the nozzle.
%
o
k.
40

30

2 ||
1=

Figure 4-1: Problem specification
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4.3 Strategy

In this tutorial, you will create a combustion chamber geometmygutsie “top-down”

construction method. You will create volumes (in this case, bristtcglinders) and use
Boolean operations to unite, intersect, and subtract these volumes ito tbbtdasic

geometry. Finally, using the “blend” command, you will round off some ®dge
complete the geometry creation.

For this model, it is not possible to simply pick the geometry agghrthe entire domain

with hexahedral elements, because feper tool (which you will be using in this
tutorial) requires two groups of faces, one group topologically patalie sweep path,

and the other group topologically perpendicular. However, the rounded (blenldes) e

fit in neither group. See the GAMBIT Modeling Guide for a moreitketalescription of

the Cooper tool. You need to decompose the geometry into portions that can be meshed
using theCooper tool. There are several ways to decompose geometry in GAMBIT. In this
example, you will use a method whereby portions of the volume around the blendtare spl
off from the main volume. A detailed description of the decompositi@tegly for the
combustion chamber is given below.

Note that there are several faces in the geometry for winéctefault meshing scheme is
the Pave scheme; most of these faces are perpendicular o thiszction. There are also
geometrical protrusions in the direction, so this should be chosen as the main direction
for the Cooper meshing scheme. To make this possible, the paved faces anatiey
directions (the two symmetry planes in the geometry shown in d-igt2) must be
changed to use tt8ubmap or Map meshing scheme.
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Figure 4-2: The two symmetry planes in the combustion chamber geometry

By default, GAMBIT selects thBave meshing scheme for these two faces because each
has a rounded edge where the blend occurs. If you split off the roundeds aafribeth
faces and connect them through a volume, you can usutthiap meshing scheme on
the remaining faces, and hence @loeper meshing scheme for the volume.

Instead of creating two faces, one on each symmetry plane, yocredte a face at the
junction of the two blended edges (face A in Figure 4-3). This fadtéhen be swept in
two directions onto the symmetry planes (creating faces B andF@ure 4-3), to split
the volume into three parts. The three volumes can then be meshéduiaitinusing the
Cooper tool.
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Figure 4-3: Faces created at the blended edges and on the symmetry planes

This tutorial also demonstrates a few ways of controlling thehndensity and the mesh-
ing schemes used on individual faces. You will mesh the small qeadie face that
forms the second inlet withTai Primitive scheme and a finer mesh size. Similarly, you will
mesh the annular face of the primary inlet with a fine mappedt.riiesmeet the require-
ments of theCooper tool, you will also need to create a mapped mesh on the face hetwee
these two faces. Finally, you will use the autom@tioper tool to mesh the remaining
faces and the volume.
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4.4 Procedure
Start GAMBIT.

Step 1: Select a Solver

1. Choose the solver you will use to run your CFD calculation bytgedethe following
from the main menu bar:

Solver — FLUENT 5/6

The choice of a solver dictates the options available in various forons (f
example, the boundary types available in $ipecify Boundary Types form). For
some system&LUENT 5/6 is the default solver. The solver currently selected is
indicated at the top of th@AMBIT GUI.

Step 2: Set the Default Interval Size for Meshing

In this tutorial, you will change the default interval size used forhings The
mesh spacing is, by default, based on the interval size parameter, whialillyou
modify in theEdit Defaults form. The value you enter should be the estimated
average size of a mesh element in the model. This value will appear dsfault
Interval size on all meshing forms. You will be able to change it on the meshing
forms, if required.

Edit - Defaults...
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Procedure
GRAPHICS FILE_IO | CAD | Toos | TurBOD |
MESH GEOMETRY | GLOBAL | Gul | LABEL |
@ INTERVAL  _JFACE _) PAVER ) NODES =
_FLAGS ) VOLUME ) TRIMESH ) MODIFY J
) EXAMINE ) COOPER ) TETMESH
TWERTRY 1 hAAP 1 RI AVER
_l_
|\Faria.l:|le Value Description :
COUNT 10 Mesh interval count
MATCH LOWER o 0 = Zutomated interval assigom
sIZE. 1 Mesh interval size
I |
Modify| Reset||55TzE value | 4
Load | [-/GAMBIT ni Browse...|
Save|[-/GAMBIT.ini Browse...|

Hyae

1. Select théESH tab at the top of the form.
2. Select théNTERVAL radio button near the top of the form.

3. Selecsl ZE in theVvari abl e list.

SI ZE will appear in the space at the bottom of the list and its default weilue
appear in thé/alue text entry box.

4. Enter a value df in theValue text entry box.

5. Click theModify button to the left o8l ZE.

TheValue of the variablesl ZE will be updated in the list.

6. Close thédit Defaults form.
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Step 3: Create Two Cylinders

1.

4-8

Create a cylinder to form the opening of the burner.

& )

‘Q
| S
0

=}
=
=
=
=
o
@
5

GEOMETRY — VOLUME — CREATE VOLUME

This command sequence opensQieate Real Cylinder form.

Create Real Cylinder

Height |12 T O
Radius 1|4 H E
Radius 2| | =

Rz

Coordinate Sys. [c_sys. ﬂ
Axis Location FPositive £ 4

Lahel |

Apply | Reset | Close |

a) Enter a value df2 for theHeight of the cylinder.
b) Enter a value of for Radius 1 of the cylinder.

The text entry box foRadius 2 can be left blankGAMBIT will set this by
default to be the same valueRelius 1.

c) SelecPositive Z (the default) as thaxis Location.
d) Click Apply.

Repeat the steps above to create a cylinddeight = 20 andRadius 1 = 10 along the
Positive Z axis.

&
Click theFIT TO WINDOW command buttol >8], at the top left of th&lobal Control

toolpad, to see the cylinders created.

The two cylinders are shown in Figure 4-4. Hold down the left mouse button and
move the mouse to rotate the view in the graphics window. You can zoom out from
the current view by holding down the right mouse button and pushing the mouse
away from you.
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Procedure

Figure 4-4: Two cylinders

4. Move the first cylinder you created so that it is at the front of the largeley!

nell

GEOMETRY

@

— VOLUME

7

— MOVE/COPY/ALIGN VOLUMES

This command sequence opensMbee / Copy Volumes form.

© Fluent Inc., Sep-04
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MODELING A COMBUSTION CHAMBER (3-D)

Move [ Copy Volumes
Volumes Pick o ||¥volume.T ﬂ

@ Move ) Copy [

Operation:
@ Translate  _) Rotate
_J Reflect ) scale

Coordinate Sys. |i_sys. ﬂ
Type Caresian —

Global Local

®! l:El = l:El

v [IZI v [IZI

b |EI b [Ei

_| Connected geometry

Apply | Reset |

Close |

a) Shiftleft-click the small cylinder in the graphics window.

“ volume.1” will be entered next t&/olumes in theMove / Copy Volumes form.

b) SelecMove (the default) unde¥olumes in theMove / Copy Volumes form.

c) Selecflranslate (the default) undeDperation.

d) Enter &Global translation vector ofo 0, 8) to move the cylinder 8 units in the
direction.

Note thatGAMBIT automatically fills in the values undkocal as you enter

values undeGlobal.

e) ClickApply.

4-10

The two cylinders are shown in Figure 4-5. Notice that the smalldeylinas
been moved from the back of the large cylinder to the front.
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Figure 4-5: Two cylinders after moving the small cylinder
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Step 4: Subtract the Small Cylinder From the Large Cylinder

1. Create one volume from the two cylinders by subtracting one cylinder from the othe

The order of selecting the volumes is important. For example, Figurshdnes
the difference between subtracting volume B from volume A, and vice versa.

Subtract B from A

Intersecting volumes

Subtract A from B

Figure 4-6: Subtracting volumes

% Subtract
ceomerry L@ _ vorume 24 _ BooLEAN oPERATIONS JR@“' i

This command sequence opensSiiatract Real Volumes form.

Yolume |-¢n|ume.2§ ﬂ
_| Betain

Subtract

Volumes |-,.-|:||ume.1I ﬂ
_| Retain

Apply | Reset | Close |
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a) Shiftleft-click the large cylinder in the graphics window.

b) Left-click in the list box to the right &ubtract Volumes to accept the selection of
volume.2 and make th8ubtract Volumes list box active.

I Alternatively, you could continue to hold down the Shift key and click the
right mouse button in the graphics window to accept the selection of the large
cylinder and move the focus to Bubtract Volumes list box.

c) Select the small cylinder and accept the selection.

Selecting the cylinders in this order ensures that the small cyliigler
subtracted from the large cylinder and not vice versa.
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Step 5: Shade and Rotate the Display

@

1. Click theRENDER MODEL command buttoL—, in the middle of the bottom row of
the Global Control toolpad, to create a shaded view of the volume.

2. Hold down the left mouse button and drag the mouse to rotate the grdjsplay
and see the cylindrical hole created in the large cylinder (see Figure 4-7).

dox

Figure 4-7: Shaded geometry showing hole in large cylinder

3. To return to the unshaded view, right-click on REMIDER MODEL command button

IEI Wireframe

= in theGlobal Control toolpad and sele

from the resulting list.
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Step 6: Remove Three Quarters of the Cylindrical Volume

In this step, you will create a brick that will be intersectedhvthe cylindrical
volume. Three quarters of the cylindrical volume will be removednigdve volume
for the entrance of the burner.

1. Create a brick that will be intersected with the cylindrical voluneadir created.

@

Brick
GEOMETRY _, vorume i _ create voLume 2 Hnﬁ e

This command sequence opensQteate Real Brick form.

Create Real Brick

Width{x) |21
Depth(¥) | ) XZ/L*Y
Height(Z) | 1 f

Coordinate 3ys. |c_sys ﬂ
Direction +X +% +Z2 2

Label [

Apply | Reset | Close |

a) Enter a value df1 for theWidth of the brick.

The text entry boxes f®epth andHeight can be left blankGAMBIT will set
these values by default to be the same value aWitle, to create a cube.

b) Use &irection of +X +Y +Z (the default).
c) Click Apply.

Figure 4-8 shows the cylindrical volume and the brick.
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Figure 4-8: Cylindrical volume and brick

2. Intersect the brick and the cylindrical volume.

ST Intersect
ceomerry 2 _ vorume |2 . BooLean operaTIONS | |lR 0. tnterseo

This command sequence opendliitersect Real Volumes form.

Intersect Real Volumes

Volumes |un|umE.EI ﬂ

_| Retain

Apply | Reset. | Close |

a) Shiftleft-click the brick in the graphics window.
b) Select the cylindrical volume in the graphics window.

c) Click Apply to accept the selection of the volumes.
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The order in which the two volumes are selected is not important to the
outcome of the operation budoes affect the numbering of subsequent
geometric entities. The cylindrical volume will be trimmed so tmdy the

part inside the brick remains, as shown in Figure 4-9.

Figure 4-9: One quarter of the cylindrical volume remains
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Step 7: Create the Chamber of the Burner

1. Create a brick for the chamber.

GEOMETRY

@

— VOLUME

(7

— CREATE VOLUME

‘a

This command sequence opensQieate Real Brick form.

Create Real Brick

Width(X) |20

Depth(¥) |3 ] *1
Height(Z) |40 :

.
/]]

W

Coordinate Sys. [c_sys. ﬂ

Direction +H 4 -2
Lahel l:
Apply | Reset. | Close |

a) Enter a value a20 for the Width of the brick,30 for the Depth, and40 for the

Height.

b) Change th®irection to +X +Y -Z by selecting this option in the option menu to the
right of Direction.

c) Click Apply.

2. Click theFIT TO WINDOW command buttol-*E
toolpad to see the brick created.

at the top left of th&lobal Control

3. Unite the brick and cylindrical volume into a single volume.

@

GEOMETRY

— VOLUME

7

— BOOLEAN OPERATIONS |~

o HR Unite

This command sequence openslthiée Real Volumes form.

4-18
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Unite Heal VYolumes

Volumes |un|ume.41 ﬂ

_| Retain

Apply | Reset | Close |

a) Shiftleft-click the cylindrical volume in the graphics window.
b) Select the brick and clidkpply to accept the selection.

The order in which you select the two volumes is not important when gou ar
uniting them. The brick and the cylindrical volume will be united as shown i
Figure 4-10.

\

\

Figure 4-10: Brick and cylindrical volume are united
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Step 8: Blend the Edges of the Chamber

1. Blend (round off) two edges of the chamber geometry to givenibie rounded
shape.

@

7

GEOMETRY — VOLUME — BLEND VOLUMES

This command sequence opensBiead Volumes form.

Blend Yolumes

Yolumes |un|ume.:{ ﬂ

Define Blend Types:

Edge |

Yartex |

Apply | Reset | Close |

a) Click theEdge button undeDefine Blend Types.

This action opens thgdge Blend Type form.

Edge Blend Type

Edges |Eedge.41 ﬂ
(@ Define ) Remove

Options: @ Constant radius round
) Wariahle radius round
) Canstant chamfer

Radius q

Start Sethack [}
End Sethack |

Apply | Reset | Close |

i. Shiftleft-click the two edges to be blended, as shown in Figure 4-11.
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Edges to be(

blended \

/L\ .

Figure 4-11: Edges to be blended

ii. SelectConstant radius round (the default) unde@ptions in the Edge Blend Type
form.

iii. Enter5 for theRadius.

iv. Click Apply in theEdge Blend Type form andClose the form.
b) Shiftleft-click the volume in the graphics window.
c) Click Apply in theBlend Volumes form.

The burner geometry with the blended edges is shown in Figure 4-12.
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l§

Figure 4-12: Burner with blended edges
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Step 9: Decompose the Geometry

For this model, it is not possible to simply pick the geometry anth ihegith a
hexahedral mesh. THaooper meshing scheme requires that all “source” faces are
topologically parallel, and that all other faces can be meshed usingWgheor
Submap meshing scheme. However, the curved faces resulting from the blend
operation do not satisfy th@ooper criteria. Therefore, you will need to decompose
the geometry into portions that are each suitable for Gheper tool. There are
several ways to decompose geometnAMBIT. In this example, you will use a
method whereby portions of the volume around the blend are split off framathe
volume. To do this, you will create a vertex near the junction of thebtended
edges. You will then use this vertex to create straight edges, andesseetiges to
create a face. This face will then be swept in two directionsdatertwo volumes.
These two volumes will be used to split the burner volume intophree It will then

be possible to mesh each of these parts individually usirgptiper tool.

1. Create a vertex inside the volume.

s

"
GEOMETRY o — VERTEX|— — MOVE/COPY/ALIGN VERTICES |=

This command sequence opensMbee / Copy Vertices form.
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Move [ Copy Vertices
Vertices Pick — ||vertex 36 ﬂ
_) Move @ Copy [1

Operation:
@ Translate ) Rotate
_J Reflect ) scale

Coordinate Sys. |i_sys. ﬂ
Type Caresian —

Global Local
®! l:El ®! l:El
v [IZI v [IZI
 |-3 b [[—5
Apply | Reset | Close

a) Select the vertex marked A in Figure 4-13.

To zoom in to an area of the graphics window, hold dowiCtH&key and use
the left mouse button to draw a box around the area you want to view.
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N .

Figure 4-13: Vertex to copy

b) SelecCopy underVertices in theMove / Copy Vertices form.
c) Selecflranslate (the default) undeDperation.

d) Enter the translation vectadr,©, - 5) underGlobal.

e) ClickApply.

The vertex will be visible in the graphics window as a white aneas where
the two blended edges meet. See vertex B in Figure 4-14.

2. Create two straight edges using the new vertex.

| epgel L] . cReATE EDGE i

GEOMETRY

This command sequence opensQtfeate Straight Edge form.
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Create Straight Edge

Vertices |vertex.3&[ ﬂ
Type: @ Real A Mirtual

_eant Vaolums o l:i J

Label |

Apply | Reset. | Close |

a) Shiftleft-click the vertex marked A in Figure 4-14.

N .

Figure 4-14: Vertices to be selected to create edges

b) Shiftleft-click the vertices marked B and C in Figure 4-14, in order.
c) Click Apply to accept the selected vertices and create two edges.

The edges are shown in Figure 4-15.
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Procedure

N .

Figure 4-15: Two new straight edges

3. Create a face using the two new edges.

]
— FORM FACE [=—

@

m}

GEOMETRY — FACE

This command sequence opensQfeate Face From Wireframe form.

Create Face From Wireframe
Edges | edge 51 ﬂ
Type: (@ Real ) ¥irual

_| Create planar tolerant face

Label |}

Apply | Reset | Close |

a) Shiftleft-click the edge marked D in Figure 4-16.
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/

/

N .

Figure 4-16: Edges used to create the face

b) Shiftleft-click the edges marked E and F in Figure 4-16.
c) Click Apply to accept the selected edges and create a face.

4. Create a volume by selecting the new face and sweepioggtthe direction defined
by an edge.

& )

5 F
_. FORM VOLUME =) HR (] sueep Face

GEOMETRY — VOLUME

This command sequence opensSiieep Faces form.
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Sweep Faces

Faces |Efac:e.28 ﬂ
Path: @ Edge ) Vector

Edge |Iedge.48 ﬂ
_| With mesh

Type: (@ Rigid

) Perpendicular

Gt @ Doed ) B

Famgh |

Label |}

Apply | Reset | Close

a) Select the new face in the graphics window.

Shiftmiddle-clickon a face to unselect it and select the face next to it.
b) Left-click in the list box to the right dddge to make theEdge list box active.
c) Select the edge marked G in Figure 4-17.

! A red arrow will appear on the edge, indicating the direction in which the
face will be swept. This arrow should be pointing away from the face you
selected. If it is not, click thBeverse button in theSweep Faces form to
reverse the direction of the arrow and the sweep.

d) Click Apply to sweep the face.

The volume created by the sweep is shown in Figure 4-18.
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G L

/

N .

Figure 4-17: Edge to be used for sweep face

Figure 4-18: Face swept parallel to an edge to form a volume

Note that the volume created by tBmeep Faces operation extends outside
the boundaries of the burner box.
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5. Sweep the same face in a different direction.
a) Select the face marked H in Figure 4-19.

b) Left-click in the list box to the right dddge to make theEdge list box active.

Figure 4-19: Face and edge to be used for sweep face

c) Select the edge marked J in Figure 4-19.
d) Click Reverse to reverse the direction of the edge.

I Again, the arrow on this edge should be pointing away from the selected face.
e) ClickApply.

The volume created by the sweep is shown in Figure 4-20.
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7

Figure 4-20: Face swept parallel to an edge to form a second volume

6. Split the large burner volume using the two smaller volumes.

If you split one volume with another volume, the following volumes will result:
* Volumes corresponding to the common region(s) from intersection.

* Volumes corresponding to the region(s) defined by subtracting the second
volume from the first.

In other words, splitting a volume results in a combination of the intiosegnd
subtraction Boolean operations. The order of selecting the volumes is amiport
For example, Figure 4-21 shows the difference between splitting véiumsang

volume B, and vice versa.
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Region of
intersection B

A

Split A with B

Intersecting volumes

Split B with A

Figure 4-21: Splitting volumes

@ =)

‘@

GEOMETRY — VOLUME — SPLIT/MERGE VOLUMES

This command sequence opensSpli Volume form.
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a)
b)

c)

d)
e)
f)
9)

h)

)

4-34

Jplit Volume

Volume |Evn|ume.3 ﬂ

Split With Yaolume (Reall — |

Volume |Iuo|ume.4 ﬂ
_| Retain

_| Bidirectional
B Connected

Apply | Reset | Close |

Select the large burner geometry in the graphics window.
SelecWolume (Real) as theSplit With option.

Left-click in theVolume list box locatedbelow the Split With section to maket
active.

Select the first volume created using the sweep face method.
Unselect th&idirectional option.
Click Apply.

Left-click in theVolume list box locatedabovethe Split With section tomake it
active.

Select the large burner geometry in the graphics window.
RetainVolume (Real) as theSplit With option.

Left-click in the Volume list box locatedbelow the Split With section tomake it
active.
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k) Select the second volume created using the sweep face method.
[) Click Apply.

The complete decomposed burner geometry (see Figure 4-22) is nowaeady t
be meshed.

Figure 4-22: Decomposed burner geometry
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Step 10: Generate an Unstructured Hexahedral Mesh

In the meshing section of this tutorial you will use:
»  Cooper tool
» Face meshing schemes

» Variable global mesh densities

It is possible to use th@ooper tool to automatically mesh the entire model with a
uniform mesh size, but this tutorial will instead demonstrate a few @fagontrolling
the mesh density and the meshing schemes used. Typicallgopbetool will use the
Pave meshing scheme on all source faces, if certain criteria are not $eet the
GAMBIT Modeling Guide for more information @AMBIT’s meshing tools.

The two small volumes will be meshed first usindCtioper meshing scheme. For the
remaining volume, you will mesh some faces first. In this case, jlomesgh the

small quarter-circle face with a&ri Primitive scheme and a finer mesh size. Similarly,
you will mesh the annular face of the inlet with a fine mapped mesh. elpowev
ensure that the face in-between the quarter-circle and the annular faces has a mapped
(or submapped) mesh, which is required for @oeper tool, you will mesh this face
before meshing the annular face. Finally, you will use the autorBatiger tool to

mesh the remaining faces and volume.

1. Generate a mesh for one of the small volumes.

3 (7 &

MESH — VOLUME — MESH VOLUMES

This command sequence opensiMesh Volumes form.
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a) Select the volume at the top front of the burner geometry.
The volume to be selected is shown in Figure 4-23.

Mesh Yolumes

Yolumes

| volume.4 ﬂ

Scheme:

Elements:

Type:

Sources

B spply Default
—

Hex

Cooper 4

| facedd ﬂ

Spacing:

4

M apply  Default

Interval size |

Options:

Apply |

M tesh

_| Remove old mesh
| &a i
_| Ignore size functions

Reset | Close |

Figure 4-23: Faces to select for fi€oper meshing operation
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In this case the criteria for th@ooper scheme are not fulfilled. This is because
GAMBIT will not automatically mesh the back face of the volume using the
Map or Submap meshing scheme, because the angle at one of the face corners
is not close enough to 90or it to be automatically classified with tlimd

vertex type, which is a requirement for autombldp meshing on a four-sided
face. However, you can ford@AMBIT to use theCooper scheme on this
volume by selecting it and then manually picking the source faces (ds fac
whose surface meshes are to be swept through the volume to form volume
elements). When you cliddpply, GAMBIT will automatically enforce the
Submap scheme on all side faces not already set to uséldheor Submap
schemes, and will modify the vertex types to honor the schemedeteee

the GAMBIT Modeling Guide for more information on using the meshing
schemes.

b) SelectHex from theElements option menu unde8cheme in the Mesh Volumes
formand selec€ooper from theType option menu.

c) Left-click in theSource list box (which will turn yellow), and then select the faces
marked K and L in Figure 4-23 as tBeurce faces.

The faces are at opposite ends of the volume.

! If you select the wrong face, and the face you want is the one neatfaxé
selected, Shiftniddle-click on the face to unselect it and select the face next
to it. You can also clicReset in the Mesh Volumes form to reset everything
you set in the form.

d) Retain the defaulbterval size of 2 underSpacing in theMesh Volumes form.

Note that this is the interval size for meshing that you set atefhalt in Step
2 of this tutorial.

e) Click theApply button at the bottom of the form.

Notice that all faces are meshed bef@AMBIT meshes the volume. The
mesh is shown in Figure 4-24.
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Figure 4-24: Mesh generated for the first small volume in the burner geometry

2. Generate a mesh for the other small volume in the burner geometry.
a) Select the volume at the side of the burner geometry.

The volume to be selected is shown in Figure 4-25.
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Figure 4-25: Faces to select for cooper meshing on the volume
at the side of the burner geometry

b) SelectHex from the Elements option menu unde8cheme in the Mesh Volumes
formand selec€ooper from theType option menu.

c) Left-click in theSource list box (which will turn yellow), and select the faces
marked M and N in Figure 4-25 as Saurce faces.

The faces are at opposite ends of the volume.

If you select the wrong face, and the face you want is the one negtfaxé
selected, Shiftniddle-click on the face to unselect it and select the face next

to it. You can also clicReset in theMesh Volumes form to unselect all faces,
and then select the correct faces.

d) Retain the defaulhterval size of 2 underSpacing in the Mesh Volumes form and
click the Apply button at the bottom of the form.

The mesh is shown in Figure 4-26.
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Figure 4-26: Mesh generated for the second small volume in the burner geometry

Next, you will mesh the small face where the burner entrance and therbur
chamber meet, and the face at the entrance to the burn&@AMBIT, you can
“pre-mesh” any source faces on a volume by selecting a meshing scheme and
size, to improve the quality of the final mesh.

3. Mesh the small face where the burner entrance and the burner chamber meet.

i

@

MESH _ race 2] . mESH FACES

This command sequence opensMesh Faces form.
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Faces |Era|:e.14 ﬂ
Scheme: M Apply  Default

Elements: Quad  —
Type:  Tri Primitive —

Spacing: M Apply  Default

0g Interval size |

Options: M tdesh
_| Remaove old mesh

& s
_l Ignore size functions

Apply | Reset | Close

a) Select the face marked P in Figure 4-27.

Notice thatGAMBIT automatically selects thgi Primitive Scheme in theMesh
Faces form. See th& AMBIT Modeling Guide for more information on the
Primitive scheme.
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T

Figure 4-27: Faces to be meshed in the burner geometry

b) Enter0. 5 for the Interval size underSpacing and click theApply button at the
bottom of the form.

The face will be meshed as shown in Figure 4-28.
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Figure 4-28: Mesh on small face

4. Mesh the curved face along the entrance to the burner.
a) Select the face marked Q in Figure 4-27.

GAMBIT will automatically select th&lap Scheme in the Mesh Faces form.
See theGAMBIT Modeling Guide for more information on thlap meshing
scheme.

b) Retain the defaulbterval size of 2 underSpacing and click theApply button at the
bottom of the form.

The face will be meshed as shown in Figure 4-29.
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Figure 4-29: Mesh on curved face along the entrance to the burner

5. Mesh the face at the entrance to the burner.
a) Select the face marked R in Figure 4-27.
GAMBIT will automatically select thidap Scheme in theMesh Faces form.

b) Enterl for thelnterval size underSpacing and click theApply button at the bottom
of the form.

The face will be meshed as shown in Figure 4-30.

© Fluent Inc., Sep-04 4-45



Procedure MODELING A COMBUSTION CHAMBER (3-D)

Figure 4-30: Mesh on face at entrance of burner

6. Create a mesh for the rest of the volume of the burner.

i

i) )

— MESH VOLUMES

MESH — VOLUME

a) Select the remaining burner geometry in the graphics window.

GAMBIT will automatically choose th@ooper Scheme as the meshing tool to
be used, and will use dnterval size of 2 (the default) undeBpacing. It will
also select the source faces it requires to generate€Cobper mesh. These
faces are marke8 throughX in Figure 4-31.
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Procedure

-

Figure 4-31: Source faces to be used for cooper mesh

b) Click Apply at the bottom of thiesh Volumes form.

This accepts the volume you selected as the one to be meshed and #e sourc

facesGAMBIT has chosen for th€ooper meshing

scheme, and starts the

meshingThe complete mesh is shown in Figure 4-32.

Notice that hidden line removal has been turned on in Figure 4-32 to make the
mesh easier to see. To turn on hidden line removal, hold down the right mouse

button on theRENDER MODEL command butto '

Hidden .
from the resulting

toolpad and selea

in the Global Control

list. To view the mesh

. . . Wireframe
without hidden line removal, reselect .

© Fluent Inc., Sep-04
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Figure 4-32: Volume mesh for the burner geometry

7. You can view a shaded display of the mesh usindRENDER MODEL command
button in theGlobal Control toolpad

a) Hold down the right mouse button on RENDER MODEL command buttol=

Shaded

b) Rotate and translate the volume to view the mesh.

and selea

from the resulting list.

¢) When you are finished, return to the wireframe view of the modetlbgting the

Wireframe

following command buttons in th@&obal Control toolpad:
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Step 11: Examine the Quality of the Mesh

1. Select theEXAMINE MESH @ command button at the bottom right of Glkebal
Control toolpad.

This action opens tHexamine Mesh form.

Examine kMesh

Display Type:
@ Plane _)Sphere _) Range

w lﬁ@

Quality Type:
Equidngle Skew |

Display Mode:

wmaows 11 7P | 1| F| o |
N Wire W Faceted
Faceting Type:
@ Quality ) Shade ) Hidden
Cut Type:
) Display cut
@ Display elements

Cut Orentation:
J- @0 e

X 1

Y | 1

z | 1

1] 1
[ [ [ | | ] | | |

Apply | Reset | Close |
The3D Element type selected by default at the top of the form is a 07
a) Select th@lane option undeDisplay Type.
4-49
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b) Select or retaiquiAngle Skew from theQuality Type option menu.

c) Hold down the left mouse button on &ielider box and move it to view slices of
the mesh with different values.

An example is shown in Figure 4-33. The mesh is drawn as a wireframe (by
default) as you drag the slider box, and it is coloreddqAngle Skew quality

when you release the slider box. As you sweep a plane throughvétees,

you will see the way in which ti@oper tool has automatically decomposed
the volume internally to mesh it with hexahedral elements.

Figure 4-33: Slice of the mesh in thelirection

d) Use thef andZ sliders to view slices in theandz directions.

e) SelecRange underDisplay Type, and then click with the left mouse button on the
histogram bars that appear at the bottom ofEtteeine Mesh form to highlight
elements in a particular quality range.

Figure 4-34 shows the view in the graphics window if you click on the fifth bar
from the left on the histogram (representing cells with a skewwas®e
between 0.4 and 0.5). These low values for the maximum skewness indicate
that the mesh is acceptable. The histogram consists of a bar chart
representing the statistical distribution of mesh elements witheotgo the
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specifiedQuality Type. Each vertical bar on the histogram corresponds to a
unique set of upper and lower quality limits.

Figure 4-34: Elements within a specified quality range

When you select thBisplay Type:Range option on theExamine Mesh form,
GAMBIT displays theShow worst element option immediately below the
statistics displayed under the histogram. If you selecShoa worst element
option, GAMBIT displays only the “worst” element as determined by the
currentQuality Type quality metric.

f) Select theshow worst element option.

Ly
g) Click theFIT TO WINDOW command buttor S| ot the top left of thd&lobal
Control toolpad, to see where the worst element is located with respdhet
entire geometry.

h) Close theExamine Mesh form by clicking theClose button at the bottom of the
form.
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Step 12: Set Boundary Types

1. Remove the mesh from the display before you set the boundary types.

This makes it easier to see the edges and faces of the geometnyesthés not
deleted, just removed from the graphics window.

a) Click theSPECIFY DISPLAY ATTRIBUTES command butto E' at the bottom of
the Global Control toolpad.

b) Select théff radio button to the right dlesh near the bottom of the form.
c) Click Apply and close the form.

2. Set boundary types for the burner.

=)
ZONES By — SPECIFY BOUNDARY TYPES B

This command sequence opensSpeeify Boundary Types form.
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Specify Boundary Types

FLUENT 5/6

Action:
@ Add ) Modify
ADelete ) Delete all

Mame Type
inletl YELOCITY_INLE | =
inletz WELOCITY_INLE
outlet PRESSURE_CUT
symmetryx SYMMETRY
-] 2 5 I

_| Show labels _| Shows colors

Hame: | symmetryy

Type:
SYMMETRY 4 |

Entity:

Faces — ||face41 ﬁ

Lahel Type
face.d Face 4l

5] [ =
Remove | Edit |

Apply | Reset | Close |

a) Define two velocity inlets.
i. Enter the namei‘hl et 1” in the Name text-entry field.
ii. SelectVELOCITY_INLET in theType option menu.
iii. Check thatFaces is selected as ttntity.

iv. Shiftleft-click the face marked A in Figure 4-35 and clpply to accept the
selection.
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Figure 4-35: Boundary-type faces for the burner—inlet and outlet

This face will be set as a velocity inlet.
v. Enter the namei ‘hl et 2” in the Name text-entry field.

vi. Check thatVELOCITY_INLET is still selected in th&ype option menu, select
the face marked B in Figure 4-35, and cligply.

b) Define a pressure outlet.
i. Enter the namedut | et ” in the Name text-entry field.

ii. Change theType to PRESSURE_OUTLET by selecting it in the option menu
belowType.

iii. Select the face marked C in Figure 4-35 and cligply to accept the
selection.

c) Define symmetry boundary types for the two faces normal to &xés.
i. Enter the namesynmmet r yx” in the Name text entry box.

ii. Change th@ype to SYMMETRY.
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iii. Select the two faces on the left side of the geometgoadook at it from the
front (the faces marked D and E in Figure 4-36). Accept thextiah of the
faces.

Figure 4-36: Boundary-type faces for the burner—symmetry

d) Define symmetry boundary types for the two faces normal tp dixés.
i. Enter the nameynmet ryy in theName text entry box.

ii. Check thatSYMMETRY is still selected in th&ype option menu and select the
two faces on the bottom of the geometry (the faces marked F ané&iGure
4-36). Accept the selection of the faces.

The velocity inlet, pressure outlet, and symmetry boundaries for he 3-
combustion chamber are shown in Figure 4-37. To display the boundary-
type labels in the graphics window, select §hew labels option on the
Specify Boundary Types form. To display colors associated with each
boundary-type assignment, select tSaow colors option. (NOTE
GAMBIT automatically shades the faces for 8w colors option.)
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He=PRESSURE_OUTLET

Figure 4-37: Boundary types for the combustion chamber

Note that you could also specify the remaining outer faces of the model as
WALL boundaries. This is not necessary, however, because GABMBIT

saves a mesh, any external faces (in 3-D) for which you have ndiexpeci
boundary type will be written out &$ALL boundaries by default.

In addition, whenGAMBIT writes a mesh, any volumes (in 3-D) for which
you have not specified a continuum type will be writteRL&8D by default.
This means that you do not need to specify a continuum type $petiéy
Continuum Types form for this tutorial.
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Step 13: Export the Mesh and Save the Session
1. Export a mesh file.

File — Export — Mesh...

This command sequence opensBiyort Mesh File form. Notice that thEile Type
at the top of the form NS / RAMPANT / FLUENT 5/6.

|

File Type: UNS f RAMPANT f FLUENT 5/6

File Hame: |Eburner.msh Browse...

_| Export 2-Dix-4%) Mesh

Accept. Close

a) Enter theFile Name for the file to be exported(r ner . nsh).
b) Click Accept.
The file will be written to your working directory.

2. Save the GAMBIT session and exit GAMBIT.

File — Exit

GAMBIT will ask you whether you wish to save the current session before you
exit.

|

Save the current session
{bumer)
before exit?

Click Yes to save the current session and exit GAMBIT.
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4.5 Summary

In this tutorial, you created the geometry and hexahedral mesh 3dp aombustion
chamber using a top-down construction approach. The use of Boolean operations f
uniting, subtracting, and intersecting volumes was demonstrated. Tiné \addumes
command was used to create a rounded shape on the edges of the combasiimr.c
Next, the geometry was decomposed into smaller volumes for whicother meshing
scheme could be used. Several different ways of meshing the saceseneeded by the
Cooper scheme were shown.
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5. SEDAN GEOMETRY—VIRTUAL CLEANUP

In this tutorial you will import an IGES file containing the gedmdor a sedan automo-
bile, clean up the geometry, and mesh it with triangles and tetrahedra.

In this tutorial you will learn how to:
e Import an IGES file
» Specify the way in which the geometry will be colored
« Connect edges, using a manual and an automatic method
» Merge faces
» Create a triangular surface mesh
* Mesh a volume with a tetrahedral mesh
» Prepare the mesh to be read into FLUENT 5/6

5.1 Prerequisites

This tutorial assumes you have worked through Tutorial 1 and, theréiateyou are
familiar with the GAMBIT GUI.
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5.2 Problem Description

The problem to be considered is shown schematically in Figure 5sxhé external body
of a luxury sedan. You will generate a mesh on the outside of tiedgrtherefore, you
will create a brick around the sedan to represent the flow domain.

Figure 5-1: Sedan geometry
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5.3 Strategy

In this tutorial, you will create a fully unstructured tetrahednakh around a car-body
geometry imported as an IGES file. This tutorial illustrabtessteps you would typically
follow to prepare an imported CAD geometry for meshing. The impayésanetry is
“dirty"—that is, there are gaps between some of the surfacesntidee it unsuitable for
creating a CFD mesh. After examining the raw imported geomtetridentify its
problems, such as unconnected edges, you will clean up the geometryhesiogls
available in GAMBIT.

Most of the gaps can be fixed automatically either during mesh tirapsubsequently by
means of the “connect edge” command. The original CAD geometngtisnodified
during the fixing process; the modifications required to eliminatgdps are made using
“virtual” geometry, which lies on top of the “real” geometry. Soedges in the original
geometry are very short and will be eliminated using the éweconnect” command.
Other edges are not automatically connected, because they aredpdtighan the speci-
fied tolerance. You will connect such edges manually.

The imported geometry includes a number of small surfaces, the efigehich may
unnecessarily constrain the mesh generation process. Using tige ‘faees” command,
GAMBIT allows you to easily combine these surfaces prior tohings You can then
have GAMBIT automatically create a triangular mesh on the car body.

Since the imported geometry consists only of the car body, you neeehte a suitable
domain around the car in order to conduct a CFD analysis (this idyiempévalent to
placing the car in a wind tunnel). The remainder of the tutorial showsto add a real
box around the car body, use virtual geometry to create some nfiasésy and finally
stitch all faces together into a single volume. This volumetiten be meshed (without
any decomposition) using a tetrahedral meshing scheme.
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5.4 Procedure

1. Copy the file
pat h/ Fl uent. | nc/ ganbi t 2. x/ hel p/tutfil es/sedan.igs

(where2. x is the GAMBIT version number) from the GAMBIT installatiorea in
the directorypat h to your working directory.

2. Start GAMBIT.

Step 1: Select a Solver

1. Choose the solver from the main menu bar:
Solver — FLUENT 5/6
The choice of a solver dictates the options available in various forons (f
example, the boundary types available in $ipecify Boundary Types form). For

some system&LUENT 5/6 is the default solver. The solver currently selected is
shown at the top of tHeAMBIT GUI.
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Step 2: Import the IGES File As-Is

File — Import — IGES ...

This command sequence opendlitiport IGES File form.

|

File Hame: |E-’nfsfduclnx-’hnmefrnqerﬁumrialsfsedan_ig: Browse...

Summary:
Product ID SEDAM
System ID  ICEM SYSTEMS - ICEM IGES

Model Space Scale 1 Units raAkA
Date 971016 Time 201653
Distance Tolerance 0.000m

Maximum Coordinate 1000000

Import Options:
Translator: ) Mative @ Spatial

Model Scale Factor |Ti

Stand-alone Geometry:
_| Mo stand-alone verices
_l Mo stand-alone edges
_| Mo stand-alone faces

Import Source _ Generic |

_| Heal Geometry
_| Make Tolerant

_| virtual Cleanup:
Corpprel aloranos
) |

@ Shartestege % [he

boriea Tolgranng |

Accept Reset Close
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1. Click on theBrowse... button.
This action opens théelect File form.

|

Filter

| infsfdocinhomedrogertutarials ig™s

Directories Files

fnfsfdocinshomesrogertutorialss..

[-.] I

Selection

| infafdocinhomesragertutarials/sedan.igs

acocept Filter Cancel

a) Selectedan. i gs in theFiles list.
b) Click Accept in theSelect File form.
2. On thdmport IGES File form, unselect th¥ake Tolerant option, and cliclAccept.

The IGES file for the sedan body will be read B®MBIT (see Figure 5-2).
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Figure 5-2: Imported sedan body

+

=5
3. Click theSPECIFY COLOR MODE command butto &t in theGlobal Control toolpad
to change to the graphics display to connectivity-based coloring.

-4
The SPECIFY COLOR MODE command button will change t o Yl When
GAMBIT is in the connectivity display mode, the model is displayed with colors
based on connectivity between entities rather than based on entity types.

In this case, the colors of all edges in the graphics window will chang@antge,
indicating that the faces are not connected to each other—that is, thatatteere
gaps between the edges that bound the faces.

4. Ctrl-drag the mouse in the graphics window to create the zoom-region bor show
Figure 5-2, above (at the front of the sedan hood). When you releaseotise m
button, GAMBIT zooms in on the region.

Figure 5-3 shows the zoomed region, illustrating an example of the gaps that exist
between the faces that comprise the surface of the sedan.

© Fluent Inc., Sep-04 5-7



Procedure SEDAN GEOMETRY—VIRTUAL CLEANUP

Gap

Figure 5-3: Zoomed region showing unconnected faces on sedan hood

In addition to gaps such as those shown in Figure 5-3, the geometry imported as-
is from the IGES file contains a number of small edges that can intgbkting of

the model. GAMBIT provides options on linport IGES File form that allow you

to eliminate many of the gaps and short edges during import. The next 8tep in
tutorial illustrates the use of one such optio¥irtual Cleanup.
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Step 3: Reset and Import the IGES File Using Virtua | Cleanup

The Virtual Cleanup option on thdmport IGES File form allows you to automatically
eliminate many features, such as short edges and gaps between unconnected faces,
during geometry import. By eliminating many such features during geometoytjm

you can greatly simplify the process of creating a meshable model.

1. Reset GAMBIT.

a) On theCommand line, typer eset , and presg&nter.

GAMBIT deletes the current geometry from the graphics window and resets
the GUI.

2. Reselect the FLUENT 5/6 solver from the main menu bar.

Solver — FLUENT 5/6
3. Open thémport IGES File form.

File — Import — IGES ...

This command sequence opendlitiport IGES File form.
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—

File Hame: E-’nfsfducInx.fhDmefrnqerﬁtutnrialsfsedan.ig: Browse...

SUmmary:
Product ID SEDAM
System ID  [CEM SYSTEMS - ICEM IGES
Model Space Scale 1 Units hAkA
Date 371016 Time 2071653
Distance Tolerance 0.00m
Maximum Coordinate 1000000

Import Options:
Translator: ) MNative @ Spatial

Model Scale Factor |Ti

Stand-alone Geometry:
ISR EHE S i
M Mo stand-alone edges
_| Mo stand-alone faces

Import. Source Generic  —

_| Heal Geometry
_| Make Tolerant

M Virtual Cleanup:
Connect Tolerance
) Value |

@ Shortest Edge % |10

Merge Tolerance |

Accept. Reset. Close

GAMBIT retains theFile Name selected in Step 2—that é&dan. i gs.

4. Underlmport Options: Stand-alone Geometry, select theNo stand-alone edges check
box.
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This option instruct$<SAMBIT not to read in any edges that do not belong to
faces or volumes. Such edges can be deleted after the geometry has been read into
GAMBIT, but this option eliminates the extra step.

5. Set the connect tolerance to 10% of the shortest edge byreptbei¥irtual Cleanup
toggle and specifying thghortest Edge % at 10.

This substep invokes an automated sequence of connect operations that attempt to
clean up the imported geometry after it is read BRMBIT .

=0

+10Q

6. Click theSPECIFY COLOR MODE command butto o in theGlobal Control toolpad
to change to the graphics display to connectivity-based coloring.

7. On thdmport IGES File form, click Accept.

The IGES file for the sedan body will again be read B#®MBIT. This time,
however, GAMBIT will perform virtual clean-up operations to eliminate gaps
and many small edges. As the clean-up operation progresses, edges that are
initially displayed as orange (with the connectivity color mode on)twill blue.

Figure 5-4 shows the sedan geometry after import and clean-up operations are
complete.

Figure 5-4: Imported sedan body—withrtual Cleanup option
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Step 4: Eliminate Very Short Edges

Even after the virtual clean-up operations, the imported IGES geoneetstilli
somewhat “dirty"—that is, there are a few short edges and gaps betwedacts
that need to be repaired. In this step, you will eliminate the short edges.

1. Find the shortest edge.

GEOMETRY

@

— EDGE

This command sequence opensQoknect Edges form.

— CONNECT/DISCONNECT EDGES

<q?
-

Edges

al S| 4
_ JReal

_JMirual (Forced)
_ ) Wirtual (Tolerance)
(@ Real and Yirtual (Tolerance)

Tolerance [0.000243887
Shortest Edge % |10
Highlight shortest edge|

_l Preserve first edge shape

Connect Edges

_| T-Junctions
Vertie i
Ll Be@agevs e

Apply |

Close

Reset |

a) Selechll from the option menu to the right Bdges.

b) Select th&eal and Virtual (Tolerance) option.

c) Press thelighlight shortest edge button.

GAMBIT will highlight (in white) the shortest edge—along with its label—in
the graphics window.

d) Zoom in near the highlighted edge by pressinganekey while using the mouse
to drag a box around the edge.

Figure 5-5 shows the general area on the sedan that contains the shortest
edge. Figure 5-6 shows a zoomed view of the edge.

5-12
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Zoom region

Figure 5-5: Sedan—showing general area of shortest edge location

et Short edge

Figure 5-6: Sedan—showing zoomed area near shortest edge
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2. Remove the shortest edge.

a)
b)

c)

d)

e)

f)

5-14

T verrex

44?
-aip—

GEOMETRY — CONNECT/DISCONNECT VERTICES

This command sequence opensQbmnect Vertices form.

Connect Vertices
Vertices Pick — ||[v_vertexa73 ﬂ

_JReal
@ Virual (Forced)

) Wirtual (Tolerance)

_J Real and Yirtual (Talerance)
Tatorance [s sinagagy
Shoriest Bduye % [ i

Db,
Ry EEy |

_| Freserve first vertex locatian

Apply | Reset |  Close

Select thé&irtual (Forced) option.
Pick the two endpoint vertices on the shortest edge.

Click Apply.

WhenGAMBIT attempts to connect these two vertices, an error message is
generated stating that connecting these two vertices can cause invalid
geometry. The geometry is protected from such operations by means of a
default setting.

Open theEdit Defaults form (selectDefaults... from the Edit menu on the main
menu bar), and change the value of GBROVETRY. VERTEX. CONNECT _REMOVE
SHORT _EDGE variable to 1.

Repeat step (c).

This time GAMBIT connects the vertices.

Ly
Click the FIT TO WINDOW command buttor*B1 at the top left of théGlobal
Control toolpad to see the full sedan in the graphics window.
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g) Select thé/irtual (Tolerance) option to activate thelighlight shortest edge button on
the Connect Vertices form.

h) Click theHighlight shortest edge button and repeat steps (a), (b), and (c) to eliminate
the next shortest edge (see Figure 5-7).

Figure 5-7: Sedan—showing location of next shortest edge

By eliminating the two shortest edges in the model, you ensure thadgall e
meshing intervals are of reasonable size, thereby reducing the possilfility
creating highly distorted elements during meshing.
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Step 5: Automatically Connect All Remaining “Duplica te” Edges

The imported IGES geometry is still “dirty"—that is, there aréear gaps remaining
between the faces that make it unsuitable for creating a mesh. Ingpjsysu will
“clean up” the geometry automatically using t@ennect Edges operation.

1. Connect all edges in the geometry that are less than ifiesxpémlerance apart using
an automatic method.

& 7 $t
— EDGE —» CONNECT/DISCONNECT EDGES

GEOMETRY

This command sequence opensQbtmnect Edges form.

Connect Edges
Edges Al — ||} |

JReal
I virual (Forced)

Ivirual (Tolerance)
@ Real and Yirtual (Tolerance)

Tolerance 001 01895
Shortest Edge % |10
Highlight shortest edge|

_| Freserve first edge shape

M T-Junctions

Vertices Al _ || %]

_| Preserve split-edge shape

Apply | Reset | Close |

a) Selechll from the option menu to the right Béges.

b) Select thd&eal and Virtual (Tolerance) option.

You wantGAMBIT to connect all real and virtual edges that are within a
tolerance distance of each other.

¢) Retain the default value 0 for theShortest Edge %.

d) Select th@-Junctions option.
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This option ensures that edges that do not match up correctly will be
connected. GAMBIT will perform edge splits and then reconnect the
geometry; an example is shown in Figure 5-8.

4

Two edges Three edges

Figure 5-8: Connecting edges

e) ClickApply.
A few more edges turn blue in the graphics window as they are connected.

! The edges on the symmetry plane will remain orange because they do not
have any other edges with which they can be connected.

&
2. Click theFIT TO WINDOW command buttol >8] at the top left of th&lobal Control
toolpad to see the full sedan in the graphics window.
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Step 6: Merge Faces

In many cases, the IGES model contains more detail than you need for mekhing. T
imported geometry for the sedan includes a number of small faces, theo€ddpsh

may constrain the mesh generation process unnecessariAMBIT, you can
merge faces together prior to meshing.

1. Merge some of the faces on the sedan hood.

)

GEOMETRY o — FACE — SPLIT/MERGE/COLLAPSE/SIMPLIFY FACES

, Merge Faces
[ HIR HY I ireuats
This command sequence opensMerge Faces (Virtual) form.

Merge Faces (Virtual)
Faces #igh o [[|v face.138 ﬂ

Type:
@ Virtual (Forced)
L Wirtual (Tolerance)

B, Angio [
M herge edges

Apply | Reset | Close

a) UnderType, selectVirtual (Forced).

b) Zoom in to the hood of the sedan by holding downGtrekey on the keyboard
while dragging a box around the hood of the car with the left mouse button.

c) Select the three faces on the top of the hood as shown in Figure 5-9.
d) Retain thévlerge Edges option to facilitate geometry cleanup during merging.

e) ClickApply to accept the selected faces and merge them into one face, as shown in
Figure 5-10.
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Figure 5-9: Three faces on hood of sedan

Figure 5-10: Three faces merged on hood of sedan
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2. Merge four faces on the trunk of the car (see Figure 5-11dg tle# method described
above. The merged faces are shown in Figure 5-12.

Figure 5-11: Four faces on trunk of sedan

Figure 5-12: Four faces merged on trunk of sedan
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3. Merge three faces near the rear end of the trunk of t{eemaFigure 5-13) using the
method described above. The merged faces are shown in Figure 5-14.

Figure 5-13: Three faces near rear end of trunk

Figure 5-14: Three faces merged near rear end of trunk
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Ly
4. Click theFIT TO WINDOW command buttol*B] at the top left of th&lobal Control
toolpad to see the full sedan in the graphics window.

The top portion of the trunk should now consist of two large faces, as shown in
Figure 5-15.

Figure 5-15: Merged faces on sedan
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Step 7: Mesh Faces on Car Body

1. Create a surface mesh on the faces of the car body.

7 &

— FACE — MESH FACES
Faces |Eu_face.145 ﬂ

Scheme: M apply  Default

Elements: Tri _
Type: Pave o

)

MESH

Spacing: M Apply  Default

0.0 Interval size |

Options: M tesh
_1 Remove old mesh
| Bamavs aenr s

_I Ignare size functions

Apply | Reset | Close |

a) Select all the faces on the car body by holding dowisthi¢key and using the
left mouse button to drag a box around the whole geometry in the graphics
window.

I It may take a while foGAMBIT to select all the faceSAMBIT analyzes
each face to determine suitable meshing schemes. You should wait until all
the edges turn red before going on to the next step.
b) Selecflri from theElements option button undeScheme.

GAMBIT automatically selects thEype:Pave option. For more information
on face meshing schemes, seeGAMBIT Modeling Guide.

c) Enter aninterval size of 0. 03 underSpacing and click theApply button at the
bottom of the form.
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GAMBIT will mesh the car body surfaces. A portion of the mesh is shown in

Figure 5-16.
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Figure 5-16: Surface mesh on rear of car body

Rt

This will make it easier to see what to do in the next stepsniBsé is not

deleted, just removed from the graphics window.

2. Remove the mesh from the display.

a) Click theSPECIFY DISPLAY ATTRIBUTES command butto E' at the bottom of

the Global Control toolpad.

This action opens thépecify Display Attributes form.

04
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Windows ililﬂlﬂlil
Jdarowps  an o |[f 4
Jvolumes  an [T 4
_| Faces Al ’7ﬂ
_| Edges All o
_| Vertices All
_| B. Layers all &
_| C. Sys Al o

_| visible @ on ) Off
_l Label @ On ) Off
_| Silhouette @ On ) Off
M Mesh Jon @ Of

_| Render Wire

M Lower topology

[ [ [ [»

Apply | Reset | Close |

b) Select théff radio button to the right dlesh near the bottom of the form.

GAMBIT will automatically select thiesh check box.

c) Click Apply and close the form.

The mesh will be removed from the graphics window.
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Step 8: Create a Brick Around the Car Body

1. Create a brick.

& )

‘a

GEOMETRY — VOLUME — CREATE VOLUME

This command sequence opensQieate Real Brick form.

Create Real Brick

Width(X) |10

Depth(¥) |5 ] :/u
Height(Z) |4 1 f

Coordinate Sys. [c_sys. ﬂ
Direction Centered

Label l:

Apply | Reset. | Close |

a) Enter a value dfo for theWidth of the brick.
b) Enters for theDepth and5 for theHeight.
c) SelecCentered from the option menu to the right Birection.

d) Click Apply.

Ly
2. Click theFIT TO WINDOW command buttol*3] at the top left of th&lobal Control
toolpad to see the full sedan and the brick just created in the graphics window.

3. Move the brick to the desired location relative to the sedan.

7 el

0 — MOVE/COPY/ALIGN VOLUMES <

GEOMETRY — VOLUME

This command sequence opensMbee / Copy Volumes form.
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Move [ Copy Volumes
Volumes Pick - |[valume.1 ﬂ
(@ Move _JCopy [

Operation:
(@ Translate ) Rotate
_ JReflect _ J5cale

Coordinate Sys. [c_sys. ﬂ
Type Canesian —

Global Local
®: [IZI ®: [IZI
y: EZ.E y: |25
z []:2.5 z |25

_| Connected yeometry

Apply | Reset | Close

a) Shiftleft-click the brick in the graphics window.
b) SelecMove (the default) unde¥olumes in theMove / Copy Volumes form.
c) Selecflranslate (the default) undeDperation.

d) Enter @, 2. 5, 2. 5) underGlobal to move the brick 2.5 units in tlyadirection and
2.5 units in the direction.

Note thatGAMBIT automatically fills in the values undkocal as you enter
values undegilobal.

e) ClickApply.
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Ly
4. Click theFIT TO WINDOW command buttol.*B] at the top left of th&lobal Control
toolpad to see the full sedan and the brick in the graphics window.

The brick and sedan are shown in Figure 5-17.

—

e

Figure 5-17: Brick and sedan
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Step 9: Remove Unwanted Geometry

You cannot simply subtract the car from the brick to produce the flow damaind

the car, because you used “virtual geometry” to clean up the car bodBANMBIT
cannot perform Boolean operations on virtual geometry. Instead, you must “stitch
together” a virtual volume from the virtual faces of the car and tlaé fieces of the
brick. To do this you will delete the volume of the brick, leavindotiver geometry

(the faces) behind. In the next steps, you will create virtual edges and faces.

1. Delete the volume of the brick, leaving the faces behind.

0 — DELETE VOLUMES ¢

@

GEOMETRY — VOLUME

This command sequence opensDélete Volumes form.

Delete Yolumes
Volumes Pick — ||[ealume 1 ﬂ

_| Lower Geometry
Apply | Reset | Close |

a) Shiftleft-click the brick in the graphics window.

b) Unselect th&ower Geometry option and clicldpply.

The brick volume will be deleted, but all its components (faces, ealugs,
vertices) will remain in the geometry, because you deselectedotinr
Geometry option.

© Fluent Inc., Sep-04 5-29



Procedure SEDAN GEOMETRY—VIRTUAL CLEANUP

Step 10: Create Straight Edges on the Symmetry Plan e

In this step, you will create two straight edges that will be useatidmext step to
create faces on the symmetry plane.

1. Split the bottom edge of the symmetry plane into three sections.

| | ence 7] . spummerce epces |

GEOMETRY

This command sequence opensSpli Edge form.
Edge |Eedge.81 7 ﬂ
Type Real connected = |
Split With  Paoint -

UvValue  [0.64
Coordinate Sys. W ﬂ
Type Catesian —

Glohal Local
®: |—1.4 ®! [[—1.4
¥ [IZI ¥ [EI
z: l:D z: I:D
Apply | Reset | Close

a) Retain th@ype:Real connected option.

b) SelecSplit With Point (the default).

You will split the edge by creating a point on the edge and then using this

point to split the edge.

c) Use theCtrl key and the left mouse button to zoom in to the sedan and the line at

the bottom of the symmetry plane, similar to the view shown in Figure 5-18.
d) Select the edge at the bottom of the symmetry plane in the graphics window.

e) Enter & Value of 0. 64 in theSplit Edge form and clickApply.
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The vertex needs to be close to the front of the seddriValue of 0. 64 will
place the vertex in the correct position, but it is the positioatike to the
sedan that is important, not the exdalue.

The edge is split into two parts and a vertex is created near thebuomper
of the sedan, as shown in Figure 5-18.

f) Select the longer edge of the two edges just created in the graphics window.

g) Enter dJ Value of 0. 57 in theSplit Edge form and clickApply.

Again, the position of the vertex relative to the sedan is more impdinizmt
the exact) Value.

The edge will be split and a second vertex created near the rear bofrtper
sedan, as shown in Figure 5-18.

S

Edges after spli

Figure 5-18: Bottom edge of symmetry plane is split into three edges
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2. Create straight edges between the two points just created and two points darhe se

a)

b)

c)

d)

e)

5-32

@

4+

GEOMETRY - EDGE — CREATE EDGE

This command sequence opensQfeate Straight Edge form.

Create Straight Edge

Vertices |Iu_uenex.293 ﬂ

Type: _JReal @ Yirtual

B Host Vaolume — || ﬂ

Label |}

Apply | Reset | Close |

Select th&irtual option to the right oType.

You must us¥irtual because the vertex to be used on the car body is a virtual
vertex.

Zoom in to the front of the sedan, so that you can see the front bangéhne
first vertex created on the edge at the bottom of the symipleing, as shown in
Figure 5-19.

Shiftleft-click the first vertex created on the bottom edge of the symmetry.plane

Shiftleft-click the vertex on the sedan that is also on the syminpddne, as
shown in Figure 5-19.

I Make sure that you select the vertex that is on the symmeatry at well as
the sedan. The vertex will be on an orange edge if it is on both the gymme
plane and the sedan geometry.

Click Apply to accept the selected vertices and create an edge, as shéigare
5-19.
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Created edg®

Figure 5-19: Edge from bottom of symmetry plane to front of sedan

3. Create a straight edge from the second vertex created bottbm edge of the sym-
metry plane to the rear bumper of the sedan, as shown in Figure 5-20.

I Again, make sure you select the vertex that is on both the sedan geometry and the
symmetry plane.
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Created edge

Figure 5-20: Edge from bottom of symmetry plane to rear of sedan
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Step 11: Create Faces on the Symmetry Plane

In this step, you will create two new faces on the symmetry plasttdhing edges
together. You will use the existing symmetry plane on the brick ast.aThestwo
faces you create in this step will be used to create a volume in the next step.

1. Create a new face on the symmetry plane by stitching edges together.

I
GEOMETRY o — FACE u | FORM FACE —

This command sequence opensQieate Face From Wireframe form.

Create Face From Wireframe

Edges |Ev_edge.832 ﬂ

Type: _)Real (@ ¥irtual

B Host  Face — ||Face 147 ﬂ

_| Hide host

Tolerance ||j_|:||:|1I

Label I}

Apply | Reset | Close

a) Select th@ype:Virtual option.
You must uséirtual because the edges to be selected on the car body are
virtual edges.

b) Shiftleft-click the four edges underneath the sedan, the two smatirdihgdges
on the symmetry plane, and the middle edge at the bottom of the symmetry plane.

I The area under the sedan where the edges to be selected are located is shown
in Figure 5-21, and the edges to be selected are shown in Figure 5-22.
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Region encompassed by first face
created on symmetry plane

Figure 5-21: Area under sedan where edges to be selected are located
! You should select seven edges in total. Pay particular attention to any ver

small edges. If you select an incorrect edge, -tiidtdle-click on the edge to
deselect it and select the edge next to it.
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Figure 5-22: Edges used to create face at bottom of sedan

c) Select thedost check box in th€reate Face From Wireframe form.
d) Selectace from theHost option menu.

e) Shiftleft-click the back face of the brick (the symmetry plaime}he graphics
window, as shown in Figure 5-23.

If you select the wrong face, Shift-middle-click on the face toetgseland
select the face next to it.

f) Enter0. 001 in theTolerance text entry box.

g) Click Apply to accept the selection and create the face.
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hd

e

Figure 5-23: Symmetry plane of the brick

2. Create a second face on the symmetry plane.
a) Check that thiirtual option is selected next Type.
b) Left-click in theEdges list box in theCreate Face From Wireframe form.
c) Select all the edges shown in Figure 5-24.
! You should select 25 edges in total.
d) Left-click in the list box to the right dfost in the form.

e) Shiftleft-click the back face of the brick (the symmetry plaime}he graphics
window, as shown in Figure 5-23.

f) Click Apply to accept the selection and create the face.
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L\

‘\/‘“‘\\

Figure 5-24: Edges used to create face at top of sedan

3. Verify the creation of the faces.

=10

@ (7

4

GEOMETRY — FACE — SUMMARIZE/QUERY FACES/TOTAL ENTITIES

This command sequence opensSimamarize Faces form.

Faces Pick o |Iv_face.154 ﬂ

Apply | Reset | Close |

a) Left-click the black arrow to the right of tRaces list box.

This action opens thBace List form. There are two types of pick-list forms:
Single and Multiple. In a Single pick-list form, only one entity can be selected
at a time. In édultiple pick-list form, you can select multiple entities.
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Face List {(Multiple)

Available Picked
v_face.145 & ---}|
v_face. 146
face. 149
face.150 "'“|
face. 131
face. 132 'e,‘”_}|
face. 147
face. 144

NS | | <]
Mo filter - Close

i. Select the two faces at the bottom of Available list in theFace List form.

I Note that the names of entities in thnailable list may be different in
your geometry. In the form shown above, the last two faces in the
Available list are v_face.153 and v_face. 154, but you might see faces with
different numbers.

ii. Click the ——> button to pick the two faces.

The two faces will be moved from thilable list to thePicked list, and
they will be highlighted in the graphics window.

iii. Check that the two faces highlighted in the graphics windawtlae¢ correct
faces that you should have created in the previous steps.

Figure 5-22 and Figure 5-24 show the faces that you should have created.

iv. Close therace List form.

b) Click Reset in theSummarize Faces form to unselect the two faces in the graphics
window.
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Step 12: Create a Volume

1. Use the faces to create a volume.

& 7 =y

— VOLUME — FORM VOLUME

GEOMETRY

This command sequence opensStiteh Faces form.

stitch Faces
Faces |Ifac:e.14? ﬂ
Humber: @ Single volume

A Multiple volumes

Type: ) Real
@ Virtual
o) sl and vt
Tolerance  Auto —
Label |!
Apply | Reset | Close

a) Select thélumber:Single volume option.
b) Select th@ype:Virtual option.

c) Select the symmetry-plane face in the graphics windowh@sn in Figure 5-23)
and remember the label name (for examfabe, 147).

d) Left-click the black arrow to the right of tReces list box.
This action opens tHeace List form.
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Face List {Multiple)

Availahle Picked
face. 147 ———x|fv_face 144 &
v _face. 143
v_face. 146
face 144
face. 149
all-= face.130
face. 131
face. 152
v_face. 1533 J
v_face. 194 !

Mo filter 4 Close

i. Click on theAll —> button to move all the faces from tAweailable list to the
Picked list.

5L |1

i
z

ii. Select the name of the symmetry-plane face irPitked list.
The symmetry-plane face will be highlighted in the graphics window.

ii. Click the <—— button to move the symmetry-plane face back into the
Available list.

iv. Close therFace List form.

e) Click Apply in theStitch Faces form to accept the selection of the faces and create
the volume.
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Step 13: Mesh the Edges

When you created the mesh on the faces of the sedan, you used a fine mibgh. For
volume, you will create a more coarse mesh, so you will need to inG#M\BIT to
gradually change the mesh density between the coarse and fine meshes. $p do thi
you will specify the distribution of nodes along some edges in the geometry.

1. Define the grid density on three edges of the geometry underneath the sedan.

i) (7 &

- EDGE — MESH EDGES

MESH

This command sequence opensiMesh Edges form.

Edges |Eu_edge.8lil4 ﬂ
M Pick with links Reverse
Soft link Form —

M Use first edge settings

Grading W aspply  Default

Type  Successive Ratio — |

Invert _| Diouble sided

Ratio E
L

Spacing W spply  Default

0.0 Interval size o |

Options M hesh
_| Remove old mesh
_l lgnore size functions

Apply | Reset | Close |

a) Select the edges marked A, B, and C in Figure 5-25 (therhatd sdges you
created underneath the sedan and the middle section of the edge undbmeath

sedan that you split into three sections).
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The edges will change color and an arrow and several circles will appear on
each edge.

Figure 5-25: Edges underneath the sedan to be selected for edge meshing

b) Check thatpply is selected to the right &rading in the Mesh Edges form and
thatSuccessive Ratio is selected from thEBype option menu.

The Successive Ratio option sets the ratio of distances between consecutive
points on the edge equal to tRatio specified in thélesh Edges form.

¢) Retain the defauRatio of 1.

d) Check thatApply is selected to the right &pacing. Selectinterval size from the
option menu undeBpacing and enter a value 6f 03 in the text entry box.

e) Click theApply button at the bottom of the form.

Figure 5-26 shows the mesh on two of the edges underneath the sedan.
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Figure 5-26: Edge meshing near the front of the sedan

2. Set the default variable that invokes flexible grading of the edges.
a) SelecDefaults from theEdit menu on the main menu bar.

b) On theEdit Defaults form, Modify the MESH. EDGE. FLEXI BLE_GRADI NG default
variable to set it ta.

The flexible-grading default variable controls the manner in w&MBIT

meshes any ungraded edges that are connected to meshed or graded edges. If
you set the MESH. EDGE. FLEXI BLE_GRADI NG default variable to 1,
GAMBIT grades the edge such that its interval lengths adjacent to the
connecting vertex are similar to those on the already meshed or graded
edge(s) to which it is connected. If an ungraded edge is connected to more
than one graded or meshed edges at a single vertex, GAMBIT averages the
lengths on the graded and/or meshed edges to determine the appropriate
interval length on the ungraded edge.

c) Close theEdit Defaults form.
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Step 14: Mesh the Volume

1. Mesh the volume with a coarser mesh than the mesh on the car faces.

i

i) )

MESH — VOLUME — MESH VOLUMES

This command sequence opensMesh Volumes form.

Mesh Yolumes

Volumes |Iv_vn|ume.1 ﬂ

Scheme: M Apply  Default

Elements: TetHybrid
Type: Tard

Spacing: M apply  Default
1 Interval size — |

Options: M Resh
_| Bemove old mesh
| Hemprrn sy saoh
_| Ignore size functions

Apply | Reset | Close

a) Select the volume in the graphics window.

b) SelectTet/Hybrid from the Elements option menu undeScheme in the Mesh
Volumes form, and seleckGrid from theType option menu.

See th&SAMBIT Modeling Guide for more information on meshing schemes.

¢) Retain the defaulhterval size of 1 underSpacing and click theApply button at the
bottom of the form.

The surface of the volume mesh is shown in Figure 5-27.
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Figure 5-27

: A portion of the volume mesh

5-47



Procedure SEDAN GEOMETRY—VIRTUAL CLEANUP

Step 15: Examine the Volume Mesh

1. Select theEXAMINE MESH @ command button at the bottom right of Glebal

Control toolpad.

This action opens tHexamine Mesh form.

Display Type:
_JFlane ) Sphered@ Range

% E

Quality Type:
Equibngle Skew — |

Display Mode:

wnaows 1| £ | g | £ | |
N Wire W Faceted
Faceting Type:

@ Cuality ) Shade ) Hidden

Total Elements: 131666
Active Elements: 549 {0.42%)
_| Show waorst element

Lower ED'?
I L]
Upper [ 5
I LT
I]----------1
Apply | Reset | Close |

a) SelecRange underDisplay Type at the top of the form.
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The3D Element type selected by default at the top of the form is a 7
You will not see any mesh elements in the graphics window when you first
open theExamine Mesh form, because there are no hexahedral elements in the
mesh.

b) Left-click on the tetrahedron ica next to3D Element near the top of the

form.

The mesh elements will now be visible in the graphics window.

c) SelecEquiSize Skew from theQuality Type option menu.
This is the default skewness measure for tetrahedr@rid.

d) Left-click the histogram bars that appear at the bottom dEximaine Mesh form
to highlight elements in a particular quality range.

Figure 5-28 shows the view in the graphics window if you click on the fifth bar
from the right on the histogram (representing cells with a skewredas v
between 0.7 and 0.8). These low values for the maximum skewness indicate
that the mesh is acceptable.

The histogram consists of a bar chart representing the statisticaibditbn

of mesh elements with respect to the speddieity Type. Each vertical bar

on the histogram corresponds to a unique set of upper and lower quality
limits.
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Figure 5-28: Elements within a specified quality range

e) Close theExamine Mesh form by clicking theClose button at the bottom of the
form.
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Step 16: Set Boundary Types

1. Remove the mesh from the display before you set the boundary types.

This makes it easier to see the edges and faces of the georhetryesh is not
deleted, just removed from the graphics window.

a) Click theSPECIFY DISPLAY ATTRIBUTES command butto at the bottom of

the Global Control toolpad.

b) Select th®ff radio button to the right dlesh near the bottom of the form.
c) Click Apply and close the form.

2. Set boundary types for the sedan.

3

By

ZONES — SPECIFY BOUNDARY TYPES

This command sequence opensSpezify Boundary Types form.
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Specify Boundary Types

FLUENT 5/6
Action:
@ Add ) Modify
ADelete ) Delete all
Mame Type

pressure_inlet.
pressure_outlet2
symmetry 1

PRESSURE_INLE |
FRESSURE_OUT
SYMMETRY

-] e

_| Show labels _| Shows colors

Hame: | symetry?
Type:

SYMMETRY = |
Entity:

Faces — [|fface152 ﬂ

Lahel Type
face.151 Face ]
-] ] =
Remaoye | Edit |
Apply | Reset | Close |

a) Define the pressure inlet boundary.

i. SelectPRESSURE_INLET in theType option menu.

ii. Check thafaces is selected as ttmntity.

ii. Shiftleft-click the face on the brick in front of the car in thagrics window
(marked A in Figure 5-29) and clidipply to accept the selection.

This face will be set as a pressure inlet.
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GAMBIT will give the boundary a default name based on what you select
in the Type andEntity lists (pressure_inlet.1 in this example). You can also
specify a name for a boundary by entering a name ilName text entry

box.

Figure 5-29: Pressure inlet (A) and pressure outlet (B) for the sedan geometry

b) Define the pressure outlet boundary.

i. Change th&ype to PRESSURE_OUTLET by selecting it from the option menu
belowType.

ii. Select the face on the brick behind the car in the graphicow (marked B
in Figure 5-29) and clicRpply to accept the selection.

c) Define symmetry boundary types for the two faces on the sygnpiane of the
brick.

i. Enter ‘symmetryl” in the Name text entry box.
ii. SelectSYMMETRY from theType option menu.

iii. Select the two faces you created on the symmetry platieedsrick (the faces
marked C and D in Figure 5-30) and cligpply to accept the selection.

GAMBIT will merge the two faces into a single symmetry zone.
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iy =0

D

Figure 5-30: Two faces created on the symmetry plane of the brick

d) Define symmetry boundary types for the top face of the brickifamdide face
opposite the symmetry plane.

i. Enter ‘symmet ry2” in the Name text entry box.
ii. Check thaSYMMETRY is selected in th&pe option menu.

iii. Select the faces on the brick that are above and to theokithe sedan (the
faces marked E and F in Figure 5-31) and accept the selection.
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Figure 5-31: Two symmetry boundaries for the sedan geometry

The pressure inlet, pressure outlet, and symmetry boundaries for the sedan
geometry are shown in Figure 5-32. (NQTI® display the boundary types in

the graphics window, select tiShow labels options on théSpecify Boundary

Types form.)
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< btyupe=SYNMETRY

btype=PRESSURE_DUTLET btypezSYMMETRY

btype=PRESSURE_INLET

| ==

btype=SYMMETRY

Figure 5-32: Boundary types for the sedan geometry

Note that you could also specify the remaining outer edges of the sedan
geometry as wall boundaries. This is not necessary, however, because when
GAMBIT saves a mesh, any faces (in 3D) on which you have not specified a
boundary type will be written out as wall boundaries by default.

In addition, wherGAMBIT writes a mesh, any volumes (in 3D) on which you
have not specified a continuum type will be written as fluid by defanit. T
means that you do not need to specify a continuum type iSpeuify
Continuum Types form for this tutorial.
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Step 17: Export the Mesh and Save the Session
1. Export a mesh file for the sedan.

File — Export — Mesh...

This command sequence opensBiport Mesh File form.

|

File Type: UHNS f RAMPANT f FLUENT 5/6

File Name: |isedan msh Browse...

_| Export 2-DiX-%) Mesh

Accept Close

a) Enter theFile Name for the file to be exportedédan. nsh).

b) Click Accept in theExport Mesh File form.
The file will be written to your working directory.

2. Save the GAMBIT session and exit GAMBIT.

File — Exit

GAMBIT will ask you whether you wish to save the current session before you
exit.

|

Save the current session
(sedan)
before exit?

Click Yes to save the current session and exit GAMBIT.
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5.5 Summary

This tutorial illustrated how to import geometry from an exte@AD package as an
IGES file, and mesh it. Several geometry “cleanup” operatioms demonstrated. Addi-
tional geometry was created to construct a box around the car-bodgtgeoamd an
unstructured tetrahedral volume mesh was generated.
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6. SEDAN GEOMETRY—TOLERANT IMPORT

In this tutorial you will import an IGES file containing the gedmdor a sedan automo-
bile, clean up the geometry, and mesh it with triangles and tetrahedra.

In this tutorial you will learn how to:
* Import an IGES file using “tolerant modeling”
» Specify the way in which the geometry will be colored
» Merge faces to facilitate meshing
« Apply size functions to control mesh quality
* Mesh a volume with a tetrahedral mesh
» Prepare the mesh to be read into FLUENT 5/6

6.1 Prerequisites

This tutorial assumes that you are familiar with the GAMBEUI. You should also
familiarize yourself with the previous tutorial, which employsMEAT virtual clean-up
operations for importing the sedan geometry.
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6.2 Problem Description

Figure 6-1 shows the sedan geometry used in this tutorial. The éXtedyaof the sedan
is represented by a set of connected faces. To model the flow aheusedan body, you
will create a brick volume that represents the flow domain.

Figure 6-1: Sedan geometry
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6.3 Strategy

In this tutorial, you will create a fully unstructured tetrahednakh around a car-body
geometry imported as an IGES file. This tutorial illustrabtessteps you would typically
follow to prepare an imported CAD geometry for meshing. The IGES-file coritiimg’
geometry—that is, gaps exist between some of the surfaces dRatitrunsuitable for
creating a CFD mesh. You will clean up the geometry using thMEA “tolerant
modeling” capability. The tolerant modeling option automatically gassia tolerance
value to each imported vertex and edge to maintain topologicalitptiagrthe imported
model. The original CAD geometry is not modified during the import process.

The imported geometry includes a number of small surfaces, the efigehich may
unnecessarily constrain the mesh generation process. Using thye ‘faees” command,
GAMBIT allows you to easily combine these surfaces prior tohings You can then
have GAMBIT automatically create a triangular mesh on the car body.

Since the imported geometry consists only of the car body, you neeghte a suitable
domain around the car in order to conduct a CFD analysis (this idyl@mgévalent to
placing the car in a wind tunnel). The remainder of the tutorial showsto add a real
box around the car body, use virtual geometry to create some nfiaseyy and finally
stitch all faces together into a single volume. This volumetiven be meshed (without
any decomposition) using a tetrahedral meshing scheme.
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6.4 Procedure

1. Copy the file
pat h/ Fl uent. | nc/ ganbi t 2. x/ hel p/tutfil es/sedan.igs

(where2. x is the GAMBIT version number) from the GAMBIT installatiorearin
the directorypat h to your working directory.

2. Start GAMBIT.

Step 1: Select a Solver

1. Choose the solver from the main menu bar:
Solver — FLUENT 5/6
The choice of a solver dictates the options available in various forons (f
example, the boundary types available in $ipecify Boundary Types form). For

some system$Juent 5/6 is the default solver. The solver currently selected is
shown at the top of tHeAMBIT GUI.
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Step 2: Import the IGES File

File — Import — IGES ...

This command sequence opendlitiport IGES File form.

|

File Hame: |E-’nfsfduclnx-’hnmefrnqerﬁumrialsfsedan_ig: Browse...

Summary:
Product ID SEDAM
System ID  ICEM SYSTEMS - ICEM IGES

Model Space Scale 1 Units raAkA
Date 971016 Time 201653
Distance Tolerance 0.000m

Maximum Coordinate 1000000

Import Options:
Translator: ) Mative @ Spatial

Model Scale Factor |Ti

Stand-alone Geometry:
_| Mo stand-alone verices
_l Mo stand-alone edges
_| Mo stand-alone faces

Import Source _ Generic |

_| Heal Geometry
M Make Tolerant

_| virtual Cleanup:
Corpprel aloranos
) |

@ Shartestege % [he

boriea Tolgranng |

Accept Reset Close
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1.

6-6

Click on theBrowse... button.
This action opens théelect File form.

|

Filter

| infsfdocinhomedrogertutarials ig™s

Directories Files

fnfsfdocinshomesrogertutorialss..

[-.] I

Selection

| infafdocinhomesragertutarials/sedan.igs

acocept Filter Cancel

a) Selectedan. i gs in theFiles list.
b) Click Accept in theSelect File form.

On thdmport IGES File form, retain thdlake Tolerant option.

TheMake Tolerant option sets individual tolerances for edges and vertices so that
entities that are not connected to within norr@MBIT default tolerances are
treated as connected entities.

Click Accept.

The IGES file for the sedan body will be read B®MBIT as real geometry (see
Figure 6-2).
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Procedure

Figure 6-2: Imported sedan body

+

=5
4. Click theSPECIFY COLOR MODE command butto i
to change the graphics display to connectivity-based coloring.

The SPECIFY COLOR MODE command button will change t

r

in theGlobal Control toolpad

When

GAMBIT is in the connectivity display mode, the model is displayed withscolor
based on connectivity between entities rather than based on entity Itypes.
case, the colors of all edges in the graphics window are blue, indicatinghthat t

faces are connected to each other.
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Step 3: Check for Very Short Edges

To ensure that the model does not contain very short edges that can inkitihgne
you will highlight and examine the shortest edge in the model.

1. Find the shortest edge.

<qip.
-

@

GEOMETRY - EDGE — CONNECT/DISCONNECT EDGES

This command sequence opensQbtmnect Edges form.

Connect Edges
Edges  Pick - ||} ﬂ

JReal
I virual (Forced)

Ivirual (Tolerance)

@ Real and Yirtual (Tolerance)
Tolerance [0.000367 256
Shortest Edge % |10

Highlight shortest edge|

_| Freserve first edge shape

_| T-Junctions
Vartines
| Fameas

Apply |  Reset

a) Select th&eal and Virtual (Tolerance) option.

b) Press thélighlight shortest edge button.

GAMBIT will highlight the shortest edge—along with its label—in the
graphics window.

c) Zoom in near the highlighted edge by pressinginekey while using the mouse
to drag a box around the edge.

Figure 6-3 shows the general area on the sedan that contains the shortest
edge. Figure 6-4 shows a zoomed view of the edge.
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Zoom region

Figure 6-3: Sedan—showing general area of shortest edge location

Short edge

+

\/jz(ge.1ﬂs
A

Figure 6-4: Sedan—showing zoomed area near shortest edge

In this case, the shortest edge in the model is short enough to possibéy c
meshing problems and should be removed.
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Step 4: Merge Edges to Remove the Shortest Edge

1. Merge the shortest edge with its adjacent edge.

GEOMETRY

@

— EDGE — SPLIT/MERGE EDGES

Metge Edges
Mirtuall

—
a

i

il

M“R

This command sequence opensMerge Edges (Virtual) form.

Fioh

Edges

Merge Edges (Virtual)

Bdge. 108 |
Type:

@ Virtual (Forced)
Jvirtual (Tolerance)

Rnw. Bidge Longlh [
B, Anato l:

Apply |

Reset | Close

a) In the graphics window, select (pick) the shortest edge andutkied edge to
which it is connected (edgésandB in Figure 6-4, above).

b) Retain théirtual (Forced) option.

c) Click Apply.
GAMBIT merges the edges, thereby eliminating the shortest edge.

d) Click the FIT TO WINDOW command buttor

Ve

at the top left of theGlobal

Control toolpad to see the full sedan in the graphics window.

6-10
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Step 5: Merge Faces

In many cases, the IGES model contains more detail than you need for mekhing. T
imported geometry for the sedan includes a number of small faces, theo€uddpsh

may constrain the mesh generation process unnecessariAMBIT, you can
merge faces together prior to meshing.

1. Merge some of the faces on the sedan hood.

)

GEOMETRY o — FACE — SPLIT/MERGE/COLLAPSE/SIMPLIFY FACES

, Merge Faces
[ HIR HY I ireuats
This command sequence opensMerge Faces (Virtual) form.

Merge Faces (Virtual)
Faces ¥ioh o |[facedd ﬂ

Type:
@ Virtual (Forced)
L Wirtual (Tolerance)

B, Angio [
M herge edges

Apply | Reset | Close

a) Retain th@ype:Virtual (Forced) option.
b) Select (pick) the three faces on the top of the hood as shown in Figure 6-5.
c) Retain thévlerge Edges option to facilitate geometry cleanup during merging.

d) Click Apply to merge the faces as shown in Figure 6-6.
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Figure 6-6: Three faces merged on hood of sedan
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2. Merge four faces on the trunk of the car (see Figure 6-7) tisnmethod outlined
above. The merged faces are shown in Figure 6-8.

Figure 6-8: Four faces merged on trunk of sedan
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3. Merge three faces near the rear end of the trunk of thsemaiFigure 6-9) using the
method outlined above. The merged faces are shown in Figure 6-10.

Figure 6-10: Three faces merged near rear end of trunk
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Ly
4. Click theFIT TO WINDOW command buttol*B] at the top left of th&lobal Control
toolpad to see the full sedan in the graphics window.

The top portion of the trunk should now consist of two large faces, as shown in
Figure 6-11.

Figure 6-11: Merged faces on sedan
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Step 6: Create a Brick Around the Car Body

1. Create a brick.

& )

‘a

GEOMETRY — VOLUME — CREATE VOLUME

This command sequence opensQieate Real Brick form.

Create Real Brick

Width(X) |10

Depth(¥) |5 ] :/u
Height(Z) |4 1 f

Coordinate Sys. [c_sys. ﬂ
Direction Centered

Label l:

Apply | Reset. | Close |

a) Enter a value dfo for theWidth of the brick.
b) Enters for theDepth and5 for theHeight.
¢) RetainCentered from the option menu to the right Birection.

d) Click Apply.

Ly
2. Click theFIT TO WINDOW command buttol >8] at the top left of th&lobal Control
toolpad to see the full sedan and the brick just created in the graphics window.

3. Move the brick to the desired location relative to the sedan.

7 el

0 — MOVE/COPY/ALIGN VOLUMES <

GEOMETRY — VOLUME

This command sequence opensMbee / Copy Volumes form.
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Move [ Copy Volumes
Volumes Pick - |[valume.1 ﬂ
(@ Move _JCopy [

Operation:
(@ Translate ) Rotate
_ JReflect _ J5cale

Coordinate Sys. [c_sys. ﬂ
Type Canesian —

Global Local
®: [IZI ®: [IZI
y: EZ.E y: |25
z []:2.5 z |25

_| Connected yeometry

Apply | Reset | Close

a) Select (pick) the brick in the graphics window.
b) RetainMove (the default) unde¥olumes in theMove / Copy Volumes form.
¢) RetainTranslate (the default) unde®peration.

d) Enter @, 2. 5, 2. 5) underGlobal to move the brick 2.5 units in tlyedirection and
2.5 units in the direction.

Note thatGAMBIT automatically fills in the values undkocal as you enter
values undeglobal.

e) ClickApply.
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Ly
4. Click theFIT TO WINDOW command buttol.*B] at the top left of th&lobal Control
toolpad to see the full sedan and the brick in the graphics window.

Figure 6-12 shows the brick and sedan geometry (vertices not shown).

Figure 6-12: Brick and sedan geometry (vertices not shown)
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Step 7: Remove Unwanted Geometry

You cannot simply subtract the car from the brick to produce the flow damaind

the car, because you used “virtual geometry” to clean up the car bodGANMBIT
cannot perform Boolean operations on virtual geometry. Instead, you must “stitch
together” a virtual volume from the virtual faces of the car and tlaé fieces of the
brick. To do this you will delete the volume of the brick, leavindotiver geometry

(the faces) behind. In the next steps, you will create virtual edges and faces.

1. Delete the volume of the brick, leaving the faces behind.

— VOLUME J — DELETE VOLUMES ¢

@

GEOMETRY

This command sequence opensDélete Volumes form.

Delete Yolumes
Volumes Pick — ||[ealume 1 ﬂ

_| Lower Geometry
Apply | Reset | Close |

a) Select (pick) the brick in the graphics window.

b) Unselect th&ower Geometry option and clicldpply.

The brick volume will be deleted, but all its components (faces, ealugs,
vertices) will remain in the geometry, because you unselectedotiner
Geometry option.
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Step 8: Create Straight Edges on the Symmetry Plane

In this step, you will create two straight edges that will be useatidmext step to
create faces on the symmetry plane.

1. Split the bottom edge of the symmetry plane into three sections.

GEOMETRY

@

¥ + Split Edge

~ EDGE = _

SPLIT/MERGE EDGES |=——IR

This command sequence opensSpli Edge form.

Split Edge

Edge |Eedge.193 ﬂ

Type Real connectad |

Split With  Point 4

Uvalue |0.64

Coordinate Sys. |ic_sys ﬂ

Type Cartesian
Global Local
X |—1.4 X [[—1.4
v [IZI v [IZI
z: l:IZI z: l:IZI
Apply | Reset | Close |

a) Retain thdieal connected option (the default) next {Type.

b) RetainSplit With Point (the default).

You will split the edge by creating a point on the edge and then using this
point to split the edge.

c) Use the mouse to rotate the model and zoom in on the sedan andetla tag
bottom of the symmetry plane (see Figure 6-13).

d) Select (pick) the edge at the bottom of the symmetry plane.

e) Enter & Value of 0. 64 in theSplit Edge form and clickApply.

6-20
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The vertex needs to be close to the front of the seddriValue of 0. 64 will
place the vertex in the correct position, but it is the position iveab the
sedan that is important, not the exdalue.

The edge is split into two parts and a vertex is created near thebuomper
of the sedan, as shown in Figure 6-13.

f) Select the longer of the two edges at the bottom of the symmetry plane.

g) Enter dJ Value of 0. 57 in theSplit Edge form and clickApply.

Again, the position of the vertex relative to the sedan is more impdinizmt
the exact) Value.

The edge will be split and a second vertex created near the rear bofither
sedan, as shown in Figure 6-13.

/

Bottom edge of symmetry plan{
after split operations

Figure 6-13: Bottom edge of symmetry plane is split into three edges

© Fluent Inc., Sep-04 6-21



Procedure SEDAN GEOMETRY—TOLERANT IMPORT

2. Create straight edges between the two points just created and two points omthe seda

a)

b)

c)

d)

e)

6-22

L”] . CREATE EDGE L—

@

GEOMETRY - EDGE

This command sequence opensQfeate Straight Edge form.

Create Straight Edge

Vertices |Iuenex.1 20 ﬂ

Type: @ Real _)¥irtual

[ DS S LS Tt R li J

Label |}

Apply | Reset | Close |

Retain th&eal option to the right oType.

Zoom in on the front of the sedan so that you can see the front bumaptitea
first vertex created by splitting the edge at the bottom ofyh@metry plane (see
Figure 6-14).

Select (pick) the first vertex created by splitting duge at the bottom of the
symmetry plane.

Select (pick) the closest vertex on the sedan.

! Make sure to select the sedan vertex that is on the symmetry plane. The vertex
will be on an orange edge if it is on both the symmetry plane and the sedan

geometry.

Click Apply to create the edge as shown in Figure 6-14.

© Fluent Inc., Sep-04



SEDAN GEOMETRY—TOLERANT IMPORT Procedure

Figure 6-14: Edge from bottom of symmetry plane to front of sedan

3. Create a straight edge from the second vertex created bottbm edge of the sym-
metry plane to the rear bumper of the sedan, as shown in Figure 6-15.

I Again, make sure you select the vertex that is on both the sedan geometry and the
symmetry plane.
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Figure 6-15: Edge from bottom of symmetry plane to rear of sedan
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Step 9: Create Faces on the Symmetry Plane

In this step, you will create two new faces on the symmetry plasttdhing edges
together. You will use the existing symmetry plane on the brick ast.aThestwo
faces you create in this step will be used to create a volume in the next step.

1. Create a new face on the symmetry plane by stitching edges together.

U | . FORM FACE

@

GEOMETRY — FACE

This command sequence opensQieate Face From Wireframe form.

Create Face From Wireframe

Edges | edge 207 2|

Type: _)Real (@ ¥irtual

B Host  Face — ||Faceds ﬂ

_| Hide host
Tolerance ||j_|:|‘|I

Label I}

Apply | Reset Close

a) Select th@ype:Virtual option.

b) Select (pick) the edges underneath the sedan, the two smahaliagges on the
symmetry plane, and the middle edge at the bottom of the symmetry plane.

I The area under the sedan where the edges to be selected are located is shown
in Figure 6-16. You should select seven edges in total. Pay particular
attention to any very small edges. If you select an incorrect edge; Shift
middle-click on the edge to unselect it and select the edge adjacent to it.
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First face to be created on symmetry plane

Figure 6-16: Region encompassing first face to be created on symmetry plane

c) Select thedost check box in th€reate Face From Wireframe form.
d) Selectace from theHost option menu.

e) Select (pick) the symmetry plane of the brick (see Figure 6-17).

If you select the wrong face, Shift-middle-click on the face to whseknd
select the face adjacent to it.

f) Enter0. 01 in theTolerance text entry box.

g) Click Apply to accept the selection and create the face.
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Brick symmetry plane

Figure 6-17: Brick symmetry plane

2. Create a second face on the symmetry plane.
a) Check that thiirtual option is selected next Type.
b) Left-click in theEdges list box in theCreate Face From Wireframe form.
c) Select all the edges shown in Figure 6-18.
! You should select 25 edges in total.
d) Left-click in the list box to the right dfost in the form.
e) Select (pick) the symmetry plane of the brick (see Figure 6-17, above)

f) Click Apply to accept the selection and create the face.
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Figure 6-18: Edges used to create face at top of sedan

3. Verify the creation of the faces.

=1e

@ (7

4

GEOMETRY — FACE — SUMMARIZE/QUERY FACES/TOTAL ENTITIES

This command sequence opensSimamarize Faces form.

Faces Pick o |Iv_face.92 ﬂ

Apply | Reset | Close |

a) Left-click the black arrow to the right of tRaces list box.

This action opens thBace List form. There are two types of pick-list forms:
Single and Multiple. In a Single pick-list form, only one entity can be selected
at a time. In édultiple pick-list form, you can select multiple entities.
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Face List {Multiple)

Available Picked
v_face.83 8
v_face.dd
face.ds

face.G6 S

face.d7

face.Gd
All- =
face.dd 4

face.30
NN | | <
Mo filter 4 Close

i. Select the two faces at the bottom of Available list in theFace List form.

I Note that the names of entities in thnailable list may be different in
your geometry. In the form shown above, the last two faces in the
Available list are v_face.91 and v_face.92, but you might see faces with
different numbers.

ii. Click the ——> button to pick the two faces.

The two faces will be moved from thailable list to thePicked list, and
they will be highlighted in the graphics window.

iii. Check that the two faces highlighted in the graphics windawtlae¢ correct
faces that you should have created in the previous steps.

Figure 6-16 and Figure 6-18, above, show the faces that you should have
created.

iv. Close thdrace List form.

b) Click Reset in the Summarize Faces form to unselect the two faces in the graphics
window.
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Step 10: Create a Volume

1. Use the faces to create a volume.

& 7 =y

— VOLUME — FORM VOLUME

GEOMETRY

This command sequence opensStiteh Faces form.

Faces |Iu_fac:e.92 ﬂ

Humber: @ Single volume

A Multiple volumes

Type: ) Real
@ Virtual
o) sl and vt
Tolerance  Auto —
Label |!
Apply | Reset | Close

a) Select thélumber:Single volume option.
b) Select th@ype:Virtual option.

c) Select the symmetry plane in the graphics window (as showigume 6-17) and
remember the label name (for examyfiee.85).

d) Left-click the black arrow to the right of tReces list box.
This action opens tHeace List form.
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Face List {Multiple)

Availahle Picked
face.ds - ——=|v_face.idz —
v_face.G3
v_face.Gd
face.G6
face.dv
All== face.dd
face.dd
face.q0
v_face. 91
v_face.92 J

Mo filter 4 Close

i. Click on theAll —> button to move all the faces from tAweailable list to the
Picked list.

5L JIEL 1

)
z

ii. Select the name of the symmetry plane inRicked list.
The symmetry plane face will be highlighted in the graphics window.

iii. Click the <——— button to move the symmetry plane face back intd\tladable
list.

iv. Close theFace List form.

e) ClickApply to create the volume.
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Step 11: Apply Size Functions to Control Mesh Qualit

y

GAMBIT includes several features that allow you to control the mesh qualitygpfone
which is the application of size functions. For example, size functionisecased to
specify the rate at which volume mesh elements change in size imifyde a
specified boundary. In this step, you will apply size functions to the faaes
comprise the outer surface of the sedan and to the face you created urtddieeat
sedan on the symmetry plane.

1. Specify a size function and apply it to four faces of the model.

ifi

TOOLS

This command sequence opensQfeate Size Function form.

— SIZE FUNCTIONS

— CREATE SIZE FUNCTION |—

Type: Fized —

Entities:

Source: Faces — ’mﬂ
Attachment: volumes  |[W_vol. 4]

Parameters:
Startsize  [0.03

Growth rate |13

size limit [ 1]

Label |}

Apply | Reset Close

a) Retain th@ype:Fixed option.

b) On theEntities:Source option button, select thBaces option, and click in the
Faces list box to make it active.

c) Click theORIENT MODEL command buttolL= to orient the model as shown in

Figure 6-19.

6-32
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Picking box

Figure 6-19: Picking box including all faces to which size functions will apply

d) Shiftdrag the mouse from the lower right (poijtto the upper left (poinB) to
create a picking box that encompasses all of the faces on the sedan wetlyaas
the small, symmetry plane face underneath the sedan.

When youShift-drag the mouse in an upper diagonal direction to create the
picking box,GAMBIT picks only those faces that azempletelyenclosed by
the box.

e) On theEntities:Attachment option button, retain th¢olumes option.
f) IntheVolumes list box, select the volume.

g) In theStart size text box, enter the value 03.

h) In theGrowth rate text box, enter the valug, 3.

i) IntheSize limit text box, enter the valug,

j) Click Apply to create the size function.
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When applying the size functioGAMBIT displays a message in the
Transcript window indicating that the use of virtual entities as source entities
in the size-function definition can cause problems when evaluated during
background-grid generation. The message represents a warning only and can
be ignored in this case.

GAMBIT allows you to view the size function by means ofView Size
Function command on th8ize Function toolpad.
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Step 12: Mesh the Volume

1. Mesh the volume with a coarser mesh than the mesh on the car faces.

i

@ )

MESH — VOLUME — MESH VOLUMES

This command sequence opensMesh Volumes form.

Mesh Yolumes

Volumes |Iv_vn|ume.1 ﬂ

Scheme: M Apply  Default

Elements: TetHybrid
Type: Tard

Spacing: M apply  Default
1 Interval size — |

Options: M Resh
_| Bemove old mesh
| Hemprrn sy saoh
_| Ignore size functions

Apply | Reset | Close

a) Select the volume in the graphics window.
b) SelectTet/Hybrid from the Elements option menu undeScheme in the Mesh
Volumes form, and seleckGrid from theType option menu.
See théSAMBIT Modeling Guide for more information on meshing schemes.

¢) Retain the defaulhterval size of 1 underSpacing and click theApply button at the
bottom of the form.

A portion of the volume mesh (looking at the sedan from the symmetry plane
side) is shown in Figure 6-20. To achieve this view of the model:
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¥
zx

i) Right-click theORIENT MODEL command buttol=—l on theGlobal

x; =7 Wiew
Control toolpad and select th& view ‘_‘L
i) Turn on hidden-line removal by right-clicking tHRENDER MODEL

. .
command button= in the Global Control toolpad and selecting

Hidden

from the resulting list.

Figure 6-20: A portion of the volume mesh
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Step 13: Examine the Volume Mesh

1. Select theEXAMINE MESH @ command button at the bottom right of Glkebal
Control toolpad.

This action opens tHexamine Mesh form.

Examine kMesh

Display Type:
_JFlane ) Sphere @ Range

an Eienent - [ |4 4| @]

Quality Type:

Equidngle Skew |

Display Mode:

wiows 1 | £ | G| P | o |
N Wire W Faceted
Faceting Type:

@ Quality ) Shade ) Hidden

Total Elements: 102364
Active Elements: 1304 (1.27%)
_| Show warst element

Lower ED_E
| L
Upper [o7
| L1
1] 1
N o
Apply | Reset | Close |

a) SelecRange underDisplay Type at the top of the form.
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The3D Element type selected by default at the top of the form is a 7
You will not see any mesh elements in the graphics window when you firs
open theExamine Mesh form, because there are no hexahedral elements in the
mesh.

b) Left-click on the tetrahedron ica
form.

next to3D Element near the top of the

The mesh elements will now be visible in the graphics window.

c) Select or retaiBquiAngle Skew from theQuality Type option menu.
This is the default skewness measure for tetrahedF@rid.

d) Click with the left mouse button on the histogram bars that appter lbottom of
the Examine Mesh form to highlight elements in a particular quality range.

Figure 6-21 shows the view in the graphics window if you click on théhfour

bar from the right on the histogram (representing cells with a skewadiss
between 0.6 and 0.7). These low values for the maximum skewness indicate
that the mesh is acceptable.

The histogram consists of a bar chart representing the statisticalbdittm

of mesh elements with respect to the spedfieity Type. Each vertical bar

on the histogram corresponds to a unique set of upper and lower quality
limits.
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Figure 6-21: ElementsquiAngle Skew = 0.6 to 0.7

e) Close theéExamine Mesh form by clicking theClose button at the bottom of the
form.
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Step 14: Set Boundary Types

1. Remove the mesh from the display before you set the boundary types.

This makes it easier to see the edges and faces of the geometnyestés not
deleted, just removed from the graphics window.

a) Click theSPECIFY DISPLAY ATTRIBUTES command butto E' at the bottom of
the Global Control toolpad to open th&pecify Display Attributes form.

windows )| OB | | | o |

darowps  an o |[f a
_| Yolumes all 2 ’fﬂ
_| Faces Al ﬁﬂ
_| Edges All o
_| Vertices All
_| B. Layers all &
_| C. 3ys all o]

_| visible @ on ) Off

10

_| Label @ On _)Off
_| Silhouette @ On ) Off
M Mesh Jon @ Of
_| Render Wire —
M Lower topology
Apply | Reset | Close |

b) Select thdllesh:Off option near the bottom of the form.
c) Click Apply to turn off the mesh display, th€tose the form.

2. Set boundary types for the sedan.

3

3

ZONES — SPECIFY BOUNDARY TYPES
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Procedure

This command sequence opensSpeeify Boundary Types form.

Action:

@ add ) Modify
JDelete ) Delete all

Specify Boundary Types

FLUENT 5/6

Maime

Type

pressure_inlet.

symmetry 1

SYMMMETRY

o

[ |

_| Show labels _| Showr colors

Type:

Hame: | symmetryZ

SYMMETRY = |

PRESSURE_INLE |
pressure_outlet.2 FPRESSURE_OUT

Entity:

Faces — ||facess ﬂ

Label

Type

face.dr

Face

|

Remove

| Edit

= =

Apply |

Reset

Close

a) Define the pressure inlet boundary.

i. SelectPRESSURE_INLET in theType option menu.

ii. Check thafaces is selected as ttntity.

iii. Select (pick) the face on the brick in front of the cathia graphics window
(faceA in Figure 6-22) and clicRpply to accept the selection.

This face will be set as a pressure inlet.
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GAMBIT will give the boundary a default name based on what you select
in the Type andEntity lists (pressure_inlet.1 in this example). You can also
specify a name for a boundary by entering a name ilName text entry

box.

Figure 6-22: Pressure inle&)(and pressure outleB) for the sedan geometry

b) Define the pressure outlet boundary.

i. Change th&ype to PRESSURE_OUTLET by selecting it from the option menu
belowType.

ii. Select (pick) the face on the brick behind the car in taphjcs window (face
B in Figure 6-22) and clichpply to accept the selection.

c) Define symmetry boundary types for the two faces on the sygnpiane of the
brick.

i. Enter ‘symmet ry1” in the Name text entry box.

ii. SelectSYMMETRY from theType option menu.
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ii. Select (pick) the two faces you created on the symnmage of the brick
(facesC andD in Figure 6-23) and clicRpply to accept the selection.

GAMBIT will merge the two faces into a single symmetry zone.

Y

w12 D

Figure 6-23: Two faces created on the symmetry plane of the brick

d) Define symmetry boundary types for the top face of the brickitendide face
opposite the symmetry plane.

i. Enter‘symmetry2”in the Name text entry box.
ii. Check thaSYMMETRY is selected in th€pe option menu.

iii. Select (pick) the faces on the brick that are above atigetside of the sedan
(facesE andF in Figure 6-24) and accept the selection.
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Figure 6-24: Two symmetry boundaries for the sedan geometry

The pressure inlet, pressure outlet, and symmetry boundaries for the sedan
geometry are shown in Figure 6-25. (NQTI® display the boundary types in

the graphics window, select ti8how labels options on thépecify Boundary

Types form.)
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btype=3YMMETRY

btype=PRESSURE_DUTLET

btype=SYMMETRY

btype=PRESSURE_[INLET

METRY

Figure 6-25: Boundary types for the sedan geometry

Note that you could also specify the remaining outer edges of the sedan
geometry as wall boundaries. This is not necessary, however, because when
GAMBIT saves a mesh, any faces (in 3D) on which you have not specified a
boundary type will be written out as wall boundaries by default.

In addition, wherGAMBIT writes a mesh, any volumes (in 3D) on which you
have not specified a continuum type will be written as fluid by defanit. T
means that you do not need to specify a continuum type iSpeuify
Continuum Types form for this tutorial.
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Step 15: Export the Mesh and Save the Session
1. Export a mesh file for the sedan.

File — Export — Mesh...

This command sequence opensBiport Mesh File form.

|

File Type: UHNS f RAMPANT f FLUENT 5/6

File Hame: |Esedan_tu|erant.msh Browse...

_| Export 2-DiX-%) Mesh

Accept Close

a) Enter therile Name for the file to be exportedédan_t ol er ant . nsh).

b) Click Accept in theExport Mesh File form.
The file will be written to your working directory.

2. Save the GAMBIT session and exit GAMBIT.

File — Exit

GAMBIT will ask you whether you wish to save the current session before you
exit.

|

Save the current session
(sedan_tolerant)
before exit?

Click Yes to save the current session and exit GAMBIT.
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6.5 Summary

This tutorial illustrated how to import geometry from an exte®@AD package as an
IGES file using GAMBIT tolerant modeling to facilitate theeation of a “clean,” mesh-
able model. In addition, several faces were merged, a box wasucbedtaround the car-
body geometry, and an unstructured tetrahedral volume mesh was generated.
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7. MODELING FLOW IN A TANK

In this tutorial you will utilize the techniques illustrated in firevious tutorials to create
a complex pipe junction that represents a real-world example of flow in a process tank.

In this tutorial you will learn how to:
» Create cylinders and bricks by defining their dimensions
+ Translate and rotate volumes
» Perform Boolean operations on volumes (unite and subtract)
» Split a volume using another volume
« Align two volumes using a vertex pair
» Specify the distribution of nodes on an edge
« Add boundary layers to your geometry
* Generate an unstructured hexahedral mesh
« Examine the quality of the mesh
» Prepare the mesh to be read into FIDAP
7.1 Prerequisites

This tutorial assumes that you have worked through Tutorials 1, 2, 3, and 4.
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7.2 Problem Description

The problem to be considered is shown schematically in Figure 7-1toDaygnmetry,
only half of the actual model is shown.

The geometry consists of a large cylindrical tank with art/oudet annular section. This
section is connected to the tank at half the length of the tanktaard affset from the
center of the tank. In the annular section, the inner pipe is theip&tThere is a small
T-junction on the upper end of outer pipe. This is the outlet.

The overall goal is to create a high quality hexahedral mesh including boundanalayers
edge meshing to sufficiently capture gradient in solution variablesh as velocity and
temperature. The solver selected for this tutorial is FIDAP

Figure 7-1: Problem specification
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7.3 Strategy

In this tutorial we will combine several of the previously showwis and strategies and
apply them on a real industrial problem. The first thing to find oifittiee boundary con-
dition and the physics will allow us to model only half of the gegméthis is a very
important step since it immediately reduces the effort of prepsitg and running time.
After confirming the symmetry condition, we start building the getoyrusing primitives
and Boolean operations. Although we normally recommend to create the imddel
following order:

1. Geometry creation
2. Decomposition
3. Mesh generation

We will illustrate, in this journal, that the order of geometry creation acdnajgosition is
not strict. Mesh generation, though, should in all cases be left to last.

The overall geometry creation is fairly straightforward ansebdaon cylinder primitives,
Boolean unites, and subtracts. The model cannot be meshed as is, usinglraéxahe
meshing, since several faces in this model are non-trinthttzeir normals are facing all
three major directions. Essentially there are two pipe-pipe inteysectvhich needs to be
decomposed

The first section is the pipe/annulus intersection at the outléhidrsituation, the recom-
mended strategy is to use a block to split of the outlet pipe.lihdas to be made with
an angle, such that the unstructured mesh from the pipe will be “fedijeo the wall of
the inner pipe. (See the following figure.)
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Unstructured
mesh

Inner
pipe wall

Y
1
Z

The second section is the main intersection of the inlet/outlet pipleshe tank. Again,

we are using a block to split of the bigger tank section inngec section. We are tilting
the cutting block to optimize mesh quality. This will allow thesm®n all non-trivial

source faces to be “projected” into the bottom of the tank asriltest in the picture
below

The mesh from the upper
faces will be projected
onto the lower face
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Edge meshing and boundary layers are applied at several areasute appropriate
grading in key areas of the model. The boundary layers are patifdatportant in areas
where the face is being paved—that is, on most source facesedéemeshing is used
where the mesh is being mapped. In some cases edge meshing and blayedane
combined for full control over the mesh density

Several techniques are used in the face meshing part like;cerffiadimap without
meshing and multiple source face meshing, where side faces hetaerce faces are
also meshed

Finally, theCooper tool is used to mesh all volumes in this model.
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7.4 Procedure
Start GAMBIT using the session identifieFdnk”.

Step 1: Select a Solver
1. Choose thEIDAP solver.

Solver — FIDAP

The choice of a solver dictates the options available in various forons (f
example, the boundary types available in $pecify Boundary Types form). The
solver currently selected is indicated at the top ofGReVBIT GUI.

Step 2: Set the Default Interval Size for Meshing

In this tutorial, you will change the default interval size used forhings The
mesh spacing is by default based on the interval size function, which you wil
modify in theEdit Defaults form. The value you enter should be the estimated
average size of an element in the model. This value will appear as fthét de
Interval size on all meshing forms. You will be able to change it on the meshing
forms if required.

Edit — Defaults...
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Procedure
GRAPHICS FILE_IO | CAD | Toos | TurBOD |
MESH GEOMETRY | GLOBAL | Gul | LABEL |
@ INTERVAL  _JFACE _) PAVER ) NODES =
_FLAGS ) VOLUME ) TRIMESH ) MODIFY J
) EXAMINE ) COOPER ) TETMESH
TWERTRY 1 hAAP 1 RI AVER
_l_
|\Faria.l:|le Value Description :
COUNT 10 Mesh interval count
MATCH LOWER o 0 = Zutomated interval assigom
sIZE. 1 Mesh interval size
I |
Modify| Reset||55TzE value | 4
Load | [-/GAMBIT ni Browse...|
Save|[-/GAMBIT.ini Browse...|

Hyae

1. Select th&1ESH tab at the top of the form.

2. Select théNTERVAL radio button near the top of the form.

3. Selecs! ZE in theVari abl e list.

SI ZE will appear in the space at the bottom of the list and its default weilue

appear in thé/alue text entry box.
4. Enter a value df in theValue text entry box.

5. Click theModify button to the left o8l ZE.

TheValue of the variablesl ZE will be updated in the list.

6. Close thédit Defaults form.
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Step 3: Create Cylinders

1. Create the first pipe for the pipe junction.

GEOMETRY

@

7

— VOLUME — CREATE VOLUME

5]
=R

This command sequence opensQfeate Real Cylinder form.

Create Real Cylinder

Height |60
Radius 1|4
Radius 2|

1]
iR

Rz

Coordinate Sys. [c_sys. ﬂ
Axis Location Fositive £ —

Label |

Apply | Reset | Close |

a) Enter &eight of 60.

b) Enter40 for Radius 1.

The text entry box fdRadius 2 can be left blankGAMBIT will set this value

by default to be the same valueRaslius 1.

¢) RetainPositive Z (the default) in the list to the right Akis Location.

d) Click Apply.

e) Click theFIT TO WINDOW command buttot S8 5t the top left of thdslobal
Control toolpad to see the cylinder created.

You can rotate the view by holding down the left mouse button and moving the

mouse. The cylinder is shown in Figure 7-2.

7-8
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Figure 7-2: First cylinder for the pipe junction

2. Create a second cylinder, withHeight of 64, a Radius 1 of 13, in the Centered Y
direction.

The two cylinders are shown in Figure 7-3.
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Figure 7-3: Second cylinder for the pipe junction

3. Create a third cylinder, with Height of 64, a Radius 1 of 6, in the Centered Y
direction.

4. Create a fourth cylinder, with Height of 64, a Radius 1 of 4, in the Centered Y
direction.

The four cylinders created so far are shown in Figure 7-4.

5. Create a fifth cylinder, with #eight of 16, a Radius 1 of 6, in the Centered X
direction.

The five cylinders are shown in Figure 7-5.
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Figure 7-4: Four cylinders for the pipe junction

Figure 7-5: Five cylinders for the pipe junction
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Step 4: Complete the Geometry Creation

1. Move three of the cylinders to create the geometry of the complex pipe junction.

@

7 il
— MOVE/COPY/ALIGN VOLUMES |=

GEOMETRY — VOLUME

This command sequence opensMbee / Copy Volumes form.

Move [ Copy Volumes
Volumes Pick = ||¥olumed ﬂ
@ Move ) Copy |:

Operation:
@ Translate ) Rotate
_J Reflect ) scale

Coordinate Sys. |i_sys. ﬂ
Type Caresian —

Glohal Local
X E—H‘ X |—1?‘

_| Connected geometry

Apply | Reset | Close |

a) Select the second, third, and fourth cylinders created, by edtleetiisg them in
the graphics window or using tNelume query list.

b) RetainMove (the default) unde¥olume in theMove / Copy Volumes form.
¢) RetainTranslate (the default) unde®peration.

d) Enter &Global translation vector of- (17, 52, 0) and clickApply.
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Note thatGAMBIT automatically fills in the values undkocal as you enter
values undeGlobal.

The three cylinders will be moved as shown in Figure 7-6.

Figure 7-6: Three cylinders moved into position for the complex pipe junction geometry

2. Move the fifth cylinder using @lobal translation vector of 32, 74, 0).
3. Subtracvolume.3 from volume.2.

The order of selecting the volumes is important. For example, Figurshows
the difference between subtracting volume B from volume A, and vice versa.
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ey Ok

Subtract B from A

Intersecting volumes %

Subtract A from B

GEOMETRY

@

@ Subtract
i

Figure 7-7: Subtracting volumes

(7

VOLUME

— —

‘g

BOOLEAN OPERATION

This command sequence opensSiiatract Real Volumes form.

Subtract Real VYolumes

Volume |vcu|ume.’.f_°‘;'

_| Retain

Subtract

4|

Yolumes |VU|UmE.:i
_| Retain

Apply | Reset. |

4|

Close |

a) Selecwolume.2 in the graphics window and accept the selection of the volume.

b) Selectolume.3 and accept the selection of the volume.

7-14
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The completed geometry is shown in Figure 7-8.

=

T

-
\ Y

Figure 7-8: Completed geometry
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Step 5: Decompose the Geometry

In this tutorial, we are decomposing the tank before uniting it with dhepipes. If
we reversed the order, the pipes would have been split through, which igainides
We are also rotating the brick to improve the symmetry of the dahKThis will

increase the edge-angle of one of the faces, which ultimately leadstéo rheth

quality

1. Create a brick to split the large cylinder.

@

7

ij HR (] Brick

GEOMETRY — VOLUME — CREATE VOLUME

This command sequence opensQieate Real Brick form.

Create Real Brick

Width(x) [42

Depth(¥) |52 ] *
Height(Z) [160 ; q

Coordinate 3ys. |c_sys. ﬂ
Direction Centered

Lahel l:

Apply | Reset. | Close |

a) Enter a value of2 for theWidth of the brick.
b) Enter eDepth of 82 and aHeight of 160.
¢) RetainCentered on theDirection option menu and clickpply.

The brick and the pipe junction are shown in Figure 7-9.

7-16 © Fluent Inc., Sep-04



MODELING FLOW IN A TANK

Procedure

Figure 7-9: Brick and complex pipe junction

2. Rotate the brick relative to the geometry.

GEOMETRY

@

— VOLUME

(7

— MOVE/COPY/ALIGN VOLUMES L=

This command sequence opensMbee / Copy Volumes form.

© Fluent Inc., Sep-04
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Move [ Copy Volumes
Volumes Pick = ||¥olumef ﬂ
i Move ) Copy |:

Operation:
I Translate @@ Rotate
_J Reflect ) scale

Angle |3
Axis Define

Active Coord. Sys. Vector

(0,0,0) -> (0,0, 1)

_| Connected geometry

Apply | Reset | Close

a) Select the brick in the graphics window.

b) RetainMove (the default) undeVolume at the top of théllove / Copy Volumes
form.

¢) UnderOperation, selecRotate.
d) Enter amngle of 30 for the angle of rotation.

You will use the defaukctive Coord. Sys. Vector. The brick will be rotated
around thez axis.

e) ClickApply.

The brick will be rotated as shown in Figure 7-10.
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Figure 7-10: Rotated brick

3. Split the largest cylinder using the brick.

If you split one volume with another volume, the following volumes will result:
* Volumes corresponding to the common region(s) from intersection.

* Volumes corresponding to the region(s) defined by subtracting the second
volume from the first.

In other words, splitting a volume results in a combination of the intioseand
subtraction Boolean operations. The order of selecting the volumes is amiport
For example, Figure 7-11 shows the difference between splitting véiumsang

volume B, and vice versa.
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Region of
intersection B

A

Split A with B

Intersecting volumes

Split B with A

Figure 7-11: Splitting volumes

8
| _ spLITMERGE VOLUMES =2

@

GEOMETRY — VOLUME

This command sequence opensSpi# Volume form.
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Jplit Volume

Volume |Evn|ume.1 ﬂ

Split With Yolume (Reall o |

Volume |Iuo|ume.8 ﬂ
_| Retain

_| Bidirectional
B Connected

Apply | Reset | Close |

a) Select the first cylinder you created in the graphics windlogvlargest cylinder)
and accept the selection of the cylinder.

b) Selectolume (Real) as theSplit With option.

c) Left-click in theVolume list box located below th8plit With section to make the
Volume list box active.

d) Select the brick in the graphics window.
e) Unselect th8idirectional option.
f) Click Apply.

The cylinder will be split as shown in Figure 7-12.
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Figure 7-12: Splitting the large cylinder
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Step 6: Unite Some Parts of the Geometry

1. Unite two of the volumes into one volume.

Unit
1 . vorume L2 _ BooLEAN oPERATIONS | Hn i

GEOMETRY

This command sequence opensluhige Real Volumes form.

Unite Real Yolumes

Volumes |Ivn|ume.5 ﬂ

_| Retain

Apply | Reset Close |

Figure 7-13: Volumes to be united

a) Select the cylinder that you created by subtracting one cylirmia another in
Step 2 (the volume marked A in Figure 7-13).

b) Select the middle section of the largest pipe which wadecrdsy splitting the
pipe with the brick (the volume marked B in Figure 7-13).
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c) Click Apply.

The two volumes will be united as shown in Figure 7-14. The order in which
you select the two volumes is not important when you are uniting them.

Figure 7-14: Two volumes united into one

2. Unite two more volumes.
a) Select the volume you created in the previous step.

b) Select the middle cylinder of the three concentric cylindbes\olume marked C
in Figure 7-13).

c) Click Apply.

The united volumes are shown in Figure 7-15.
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Figure 7-15: United volumes
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Step 7: Subtract the Remaining Parts of the Symmetry Plane

1. Create a brick, which will be used to remove some parts ajetbmetry to create a
symmetry plane in the geometry.

@

(7

O

GEOMETRY — VOLUME — CREATE VOLUME

This command sequence opensQteate Real Brick form.

Create Real Brick

Width(x) |50
Depth{¥) [100 z
ptn(Y) [104 i

H
Height(Z) [z 1 N

Coordinate 3ys. [c_sys1 ﬂ
Direction -R Y -2 2

Label [

Apply | Reset | Close |

a) Enter aWidth of 50, aDepth of 100, and aHeight of 20.
b) SelectX +Y -Z from theDirection option menu.
c) Click Apply to create the brick.

The brick and the pipe junction are shown in Figure 7-16.
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Figure 7-16: Brick and pipe junction

2. Subtract the brick from the complex pipe volume.

GEOMETRY

2

— VOLUME

@ Subtract

7

— BOOLEAN OPERATIONS

()
2l

This command sequence opensSiiatract Real Volumes form.

Subtract Real Yolumes

Volume ﬁ

|Evn|ume.2
_| Retain

Subtract

Yolumes |:[l\,l|:||ume_9

4|

W Retain

Reset | Close |

Apply |

a) Select the volume that contains most of the pipe sections igetiraetry (the
volume marked A in Figure 7-17). Accept the selection of the volume.

© Fluent Inc., Sep-04
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Figure 7-17: Volume to use in subtraction

b) Select the brick in the graphics window.

c) In theSubtract Real Volumes form, select theRetain check box belovwSubtract
Volumes.

This option instruct$SAMBIT to subtract the brick from the pipe geometry,
but retain the brick to be used again in the next step.

d) Click Apply.

The brick will be subtracted from the pipe geometry as shown in Figig
Notice that the brick is still displayed in this figure, this isdaese theRetain
check box is selected in tBabtract Real Volumes form.
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Figure 7-18: Brick subtracted from the pipe geometry

3. Subtract the brick from the small pipe.
a) Select the smallest cylinder in the graphics window, and accept théselect
b) Select the brick in the graphics window.
C) Unselect th&etain check box.
d) Click Apply.

Figure 7-19 shows the geometry after the subtraction.
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Figure 7-19: Brick subtracted from the small pipe to create a symmety pla

7-30 © Fluent Inc., Sep-04



MODELING FLOW IN A TANK Procedure

Step 8: Split off Annulus Pipe to Make the Volumes Meshable

1. Create a brick to split off part of the geometry.
Again the decomposition of the cylinder is done before the full geometbhebias

created. In this example, we are usikliggn instead ofMlove/Copy to position the
tool to the appropriate position before the splitting

@

5 =

GEOMETRY — VOLUME — CREATE VOLUME

This command sequence opensQteate Real Brick form.

Create Real Brick
Width{®) |20
Depth{¥Y) | i o
H 'pht( z} " XJ_*
15 =
ght(z) 1 A

Coordinate 3ys. [c_sys1 ﬂ
Direction -R Y +Z 2

Label [

Apply | Reset | Close |

a) Enter a value at0 for theWidth of the brick. Delete the values in tBepth and
Height text entry boxes.

GAMBIT will set theDepth andHeight by default to be the same value as the
Width, to create a cube.

b) SelectX +Y +Z from theDirection option menu and clicKpply.

2. Rotate the brick relative to the geometry.

@

(7 el
— VOLUME — MOVE/COPY/ALIGN VOLUMES |=

GEOMETRY

This command sequence opensMbee / Copy Volumes form.
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Move [ Copy Volumes
Volumes Pick o ||Iv0|ume.9 ﬂ
i Move ) Copy |:

Operation:
I Translate @@ Rotate
_J Reflect ) scale

Angle |3
Axis Define

Active Coord. Sys. Vector

(0,0,0) -> (0,1, 0)

_| Connected geometry

Apply | Reset | Close

a) Select the brick in the graphics window.

b) RetainMove (the default) undeVolume at the top of théllove / Copy Volumes
form.

¢) UnderOperation, retainRotate.
d) Retain théAngle of 30 for the angle of rotation.

You will now redefine thActive Coord. Sys. Vector so thatGAMBIT rotates
the brick about the axis.

e) Click theDefine button to the right oAxis.

This action opens théector Definition form.
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Vector Definition

Active Coordinate System Vector

Start: (0,0,0)

End: (u! 1, u)

_| Magnitude [}

Method:  cCoorg Sys. Axis o |

Coordinate Sys. |T_sys.1 ﬂ
Direction:
® ) Positive ) Megative
Y @ Fosiive _) Negative
J Positive ) Megative

Apply | Reset | Close |

i. SelectY Positive underDirection and clickApply.
f) Click Apply in theMove / Copy Volumes form.
3. Create a vertex on the brick.

You will create a vertex on the brick and use it to align the bckectly relative
to the geometry. This is an alternative method to moving the splittingtkeol
brick) to the right position in the geometry using coordinates.

_J ] ppe——

GEOMETRY

This command sequence opensSpiit Edge form.
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Split Edge

Edge |Eedge.1tla ﬂ
Type Feal connected |
Spiit With  Point

Uvalue 0.3

Coordinate Sys. |T_sys. ﬂ
Type Caresian —

Glohal Local
®! |?‘ ®! [7‘
¥: |2E| ¥: EZD
z: [12.124356 z: [12.124356
Apply | Reset | Close |

a) Select the edge on the brick marked A in Figure 7-20.

Figure 7-20: Edge to be split on the brick

b) Enter &l Value of 0. 3 in theSplit Edge form and clickApply.

7-34
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4. Align the brick with the part of the geometry to be split.

@

GEOMETRY

RQbm Align

— VOLUME

7

— MOVE/COPY/ALIGN VOLUMES J

This command sequence openshtlign Volumes form.

Align Yolumes
Volumes Pick = ||[volume.d ﬂ

Start
End

Start
End

Start
End

Translation Yertex Pair:

vertex. 74

R

Rotation Vertex Pair:

Plane Alignment Vertex Pair:

|

| e

Apply

_| Connected Geometry

| Reset |

Close

a) Select the brick in the graphics window and accept the selection.

The Translation Vertex Pair list box in theAlign Volumes form will be
highlighted. You will now select the vertex on the object you want toandve
then the vertex with which you want to align the object.

b) Select the vertex you just created on the brick.

c) Select the vertex marked A in Figure 7-21. The vertex itherend of the long
thin pipes near the smallest cylinder.

© Fluent Inc., Sep-04
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/

Figure 7-21: Vertex to be selected to align the brick
d) Click Apply.

The brick will be aligned with the pipe volume as shown in Figure 7-22.
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i

Figure 7-22: Brick aligned with pipe geometry

5. Use the brick to split the volume that contains most of the pipe sections.

GEOMETRY

@

— VOLUME

7

— SPLIT/MERGE VOLUMES

This command sequence opensSpli Volume form.

© Fluent Inc., Sep-04
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Jplit Volume
Volume |Evn|ume.2 ﬂ
Split With Yolume (Real] o |
Volume |Iuo|ume.9 ﬂ
_| Retain

_| Bidirectional
B Connected

Apply | Reset | Close |

a) Select the volume that contains most of the pipe sections igetiraetry (the
volume marked A in Figure 7-23) and accept the selection.

Figure 7-23: Volumes to be used in the split
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b) RetainVolume (Real) as theSplit With option.

c) Left-click in theVolume list box located below th8plit With section to make the
Volume list box active.

d) Select the brick (marked B in Figure 7-23) in the graphics window.
e) ClickApply.

The geometry will be split as shown in Figure 7-24.

Figure 7-24: Decomposed geometry
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Step 9: Unite the Side Pipe

This is the final unite operation to complete the construction of the geometry

1. Unite two more volumes.

@

(7

GEOMETRY — VOLUME — BOOLEAN OPERATIONS

Unite
R
This command sequence opensluhige Real Volumes form.

Unite Heal VYolumes

Volumes |m|ume.i ﬂ

_| Retain

Apply | Reset | Close |

(
A y\»é}
slipZuiifine
/

I

i

Figure 7-25: Volume to be united

a) Select the volume you created in the previous step (marked A in Figure 7-25)

b) Select the small half-cylinder (the volume marked B in Figure 7-25).
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c) Click Apply.

The united volumes are shown in Figure 7-26.

e T
e

ui%e

Figure 7-26: United volumes
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Step 10: Mesh the Edges

In this step, you will define the grid density on some edges of the tggovioa will
accomplish this by selecting an edge, assigning the number of nodes, andrgpecifyi
the distribution of nodes along the edge.

1. Define the grid density on four edges of the geometry.

@

MESH - EDGE

— MESH EDGES

&

This command sequence opensMbsh Edges form.

Edges

Soft link

Mesh Edges

|Eedge.39

M Pick with inks Reverse
Farm —

L

M Use first edge settings

Type

Grading W aspply  Default
Last First Ratio  — |

Inwert

Ratio 1

Ratio &

M Double sided

A

! 11

EE

| 11

EI

Spacing W spply  Default

- |

Interval size
Options M hesh
_| Remove old mesh
_l lgnore size functions
Apply | Reset | Close |

a) Select the edges marked A, B, C, and D in Figure 7-27.

The edges will change color and an arrow and several circles will appear on

each edge. The arrow is small and you may have to zoom into the edge to see

it. It is located near the center of the edge.

7-42
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b)

c)

d)

f)

Figure 7-27: Edges to be selected for edge meshing

Ensure thapply is selected to the right &rading in the Mesh Edges form and
selectLast First Ratio from theType option menu.

Thelast First Ratio is defined as the size ratio between the first element (or grid
distance) on the edge, and the last, based on the direction (sense) of the edge.
For double sided grading, the last first ratio is the ratio between therale
element and the element at the end of the edge

Enter a value d3. 6 for Ratio.
Select th®ouble sided check box

If you specify aouble sided grading on an edge, the element intervals are
graded in two directions from a starting point on the edGAMBIT
determines the starting point such that the intervals on either sitihe qfoint
are approximately the same lengRatio 2 is automatically given the value of
Ratio 1 (which is equal to the specified valueRafio).

Ensure that th&pply check box is selected to the rightSpfacing. Selectnterval
size from the option menu und8pacing and enter a value @f 5 in the text entry
box.

Click Apply.
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2. Define the grid density on two edges of the geometry.

a)

b)

c)

d)

e)

7-44

Select the edges marked E and F in Figure 7-27.

Ensure thaApply is selected to the right &rading in the Mesh Edges form and
selectSuccessive Ratio from theType option menu.

The Successive Ratio option sets the ratio of distances between consecutive
points on the edge equal to tRatio specified in th&lesh Edges form.

Retain the defauRatio of 1.

Ensure that thApply check box is selected to the rightSpacing. Enter5 next to
Interval size.

Click Apply.

The edge meshing for the six edges is shown in Figure 7-28.

Figure 7-28: Edge meshing on the complex pipe junction geometry
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Step 11: Apply Boundary Layers

Boundary layers are layers of elements growing out from a boundary into the
domain. They are used to locally refine the mesh in the direction ntoraalace or
an edge. Boundary layers are used in this example to improve mesh diessitioc

walls on faces that will be paved

1. Create boundary layers on one edge.

r

MESH B — BOUNDARY LAYER @ — CREATE BOUNDARY LAYER

This command sequence opensQfeate Boundary Layer form.

© Fluent Inc., Sep-04 7-45



Procedure

MODELING FLOW IN A TANK

Create Boundary Layer

I W Show

b
a

Definition:
Algorthm: @& |nifarm
) Aspect ratio ba

First rowr (a)

Growth factor (bfa) (pag

sed

| L

Rows 5

I L1
Depth (D)

_l Internal continuity
_| Wedge comer shape

(37,3547

Transition pattem:

@ 11 4 331 5

Frogmition Hows

Attachment:

]

Edges — |Iedge.4n

Label I}

Apply | Reset |

Close |

a) UndemDefinition, retain the defauldlgorithm (Uniform).

b) Enter7 in theFirst row text box.

c) Enter0. 88 in theGrowth factor text box.

This defines the height of the first row of elements normal to the edge.

This sets the ratio of distances between consecutive rows of elements.

d) Move the slider box beloRows until the number of rows is equal&o

7-46
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This defines the total number of element rows. NoticeGAMBIT updates
theDepth automatically. The depth is the total height of the boundary layer.

e) Retain the defalilransition pattern (1:1).

f) Select the edge shown in Figure 7-29 with the boundary layer ®heatboundary
layer should appear in the direction shown in Figure 7-29. If it doesShdt,
middle-click the edge to change the direction of the boundary layer.

Figure 7-29: Edge on which to apply the boundary layer, showing the direction in which
the boundary layer should point

g) Click Apply to apply the boundary layer to the edge.
2. Create boundary layers on the edges shown in Figure 7-30.
a) UndemDefinition, retain the defauldlgorithm (Uniform).
b) Enter0. 5 in theFirst row text box.
c) Enterl. 5 in theGrowth factor text box.
d) Move the slider box beloRows until the number of rows is equal2o

e) Retain the defauilransition pattern (1:1).

© Fluent Inc., Sep-04 7-47



Procedure MODELING FLOW IN A TANK

f) Select the edges shown in Figure 7-30 with boundary layers on fhieen
boundary layers should appear in the directions shown in Figure 7-30y ddhe
not, Shiftmiddle-click an edge to change the direction of the boundary layer.

<) 5
||

Figure 7-30: Edges on which to apply the boundary layers, showing the directions in
which the boundary layers should point

g) Click Apply to apply the boundary layers to the edges.
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3. Create boundary layers on the edges shown in Figure 7-31.
a) Enterl in theFirst row text box.
b) Retaini. 5 in theGrowth factor text box.
¢) Retain thRows value @).
d) Retain the defaultransition pattern (1:1).
e) Select the edges shown in Figure 7-31 with boundary layers on fhen

boundary layers should appear in the directions shown in Figure 7-31y ddhe
not, Shiftmiddle-click an edge to change the direction of the boundary layer.

i
.
i
5

&
Por
S
&
e
o

S

Figure 7-31: Edges on which to apply the boundary layers, showing the directions in
which the boundary layers should point

f) Click Apply to apply the boundary layers to the edges.
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Step 12: Mesh One of the Volumes

1. Mesh the volume marked C in Figure 7-32.

@

&

(7

MESH — VOLUME — MESH VOLUMES

This command sequence opensiMesh Volumes form.

Mesh Yolumes

Volumes | valume. 5 ﬂ

Scheme: M fpply  Default

Elements: HexMWedge o
Type: Cooper o

Sources | face.3 ﬂ

Spacing: M Apply  Default

i1 Interval size o |

Options: M Mhesh
_| Remove old mesh
| s invenr siach
_l lgnare size functions

Apply | Reset | Close |

a) Select the volume marked C in Figure 7-32 in the graphics window.

GAMBIT will automatically select th€ooper Scheme in the Mesh Volumes
form. See th&AMBIT Modeling Guide for more information on tGeoper
meshing scheme.
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i
o

uive

Figure 7-32: Volume to be meshed

b) UnderSpacing, enter a value of for thelnterval size and click theApply button at
the bottom of thélesh Volumes form.

This accepts the volume you selected as the one to be meshed. Itejs#e ac
the source faces (the faces whose surface mesh is to be swept tti@ugh
volume to form volume elemen&AMBIT has chosen for th@ooper meshing
scheme and starts the meshing. If you need to modify or confirm the source
faces, either pick faces from the graphics window or modify thetiselexf
source faces by means of 8wirces face text box. The mesh for the volume is
shown in Figure 7-33.

© Fluent Inc., Sep-04 7-51



Procedure MODELING FLOW IN A TANK

7-52

Figure 7-33: Mesh for volume C

It may be useful to remove the mesh from the display before youheadabes in
the next exercise; it is then easier to see the faces gethmetry. The mesh is not
deleted, just removed from the graphics window. To remove the meskthé&om

display, click theSPECIFY DISPLAY ATTRIBUTES command butto E' at the
bottom of theGlobal Control toolpad. Select th&ff radio button to the right of
Mesh near the bottom of the form and clidgply.
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Step 13: Mesh Some Faces
These faces are meshed to ensure a good mesh density around the pipes and mapped

meshes on some of the source faces. Some side faces also need to be mesined to as
mesh matching between different source faces

1. Mesh the face marked A in Figure 7-34.

vesH 21 . race D . wesHraces ®

This command sequence opensMesh Faces form.

Mesh Faces

Faces |Efa|:e.5 ﬂ
Scheme: M apply  Default

Elements: Guad  —
Type: Submap

Spacing: M Apply  Default

i Interval size |

Options: M tesh
_1 Remove old mesh
| R WHE BBk
_I Ignare size functions

Apply | Reset | Close |

a) Select the curved face marked A in Figure 7-34.
GAMBIT will automatically select th&ubmap Scheme in the Mesh Faces
form. See th6&AMBIT Modeling Guide for more information on tBabmap
meshing scheme.

b) Change thénterval size to 3 underSpacing and click theApply button.
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Figure 7-34: Faces to be meshed

The face will be meshed as shown in Figure 7-35.

h R
PR
T T

AT T

Figure 7-35: Mesh on face A
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2. Mesh the face marked B in Figure 7-34
a) Select the face marked B in Figure 7-34 in the graphics window.

On most platformsGAMBIT will automatically select théMap meshing
scheme on thMesh Faces form. IfGAMBIT doesnot automatically select the
Map scheme, select it manually by means oSdheme:Type option button.

b) Enterl as thdnterval size, and click theApply button at the bottom of the form.

The face will be meshed as shown in Figure 7-36.
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Figure 7-36: Mesh on faces A and B
3. Mesh the face marked C in Figure 7-34
a) Select the face marked C in Figure 7-34 in the graphics window.

GAMBIT will automatically select th&ubmap Scheme in the Mesh Faces
form.

b) Enter arinterval size of 2. 5, and click théApply button at the bottom of the form.

The face will be meshed as shown in Figure 7-37.
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Figure 7-37: Mesh on faces A, B, and C

4. Mesh the face marked D in Figure 7-34.
a) Select the face marked D in Figure 7-34 in the graphics window.
GAMBIT will automatically select thilap Scheme in theMesh Faces form.
b) Enterl as thdnterval size, and click theApply button at the bottom of the form.

The face will be meshed as shown in Figure 7-38.
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fiiE

s

Rz

Figure 7-38: Mesh on faces A, B, C, and D
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Step 14: Modify Mesh Settings on Some Faces

"Modifying mesh settings” is the same as “applying without meshing”. Fhép
illustrates two different applications to this technique:

« First, you will modify the scheme setting on two faces ffava to Submap.
This is one way of making the main volume readgdoper meshing

» Second, you will modify the default size of one of the source faces. In this case,
you allow theCooper meshing scheme to make sure the mesh is matching with
other source faces.

1. Set the meshing scheme toSobmap for the faces marked F and G in Figure 7-39.
Faces |Eface.2?‘ ﬂ
Scheme: M Apply M

Elements: Guad  —
Type: Submap

Spacing: M Apply  Default

q Interval size |

Options: —I Mesh
_| Remove old mesh
| s invenr sl

_l Ignare size functions

Apply | Reset | Close |

a) Select the faces marked F and G in Figure 7-39 in the graphics window.

b) SelecSubmap from theScheme:Type option menu.
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v
%“
2

Figure 7-39: Faces to be modified

¢) Retain the defaulbterval size of 2 underSpacing.
d) Unselect théesh check box undedptions.

You deselected tHdesh check box because at this point you do not want to
mesh the faces; you only want to applySblkeeme to the facesGAMBIT will
mesh the faces using tBeheme you specified when it creates a volume mesh.

e) Click theApply button at the bottom of the form.
2. Set the meshing size on the face marked H in Figure 7-40.

a) Select the face marked H in Figure 7-40 in the graphiecdowmi (the face at the
end of the pipe).

GAMBIT will automatically select th@ave Scheme in the Mesh Faces form.
See theAMBIT Modeling Guide for more information on tReve meshing
scheme.
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]

uiv

Figure 7-40: Face to be modified

b) Enterl as thdnterval size underSpacing.

c) Ensure thaMesh is not selected unde@ptions and click theApply button at the
bottom of the form.
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Step 15: Mesh the Volumes

1. Mesh the volumes marked J and K in Figure 7-41.

MESH i — VOLUME )

&

— MESH VOLUMES

This command sequence opensiMesh Volumes form.

Mesh Yolumes

Volumes |Eun|ume.8 ﬂ

Scheme: M fpply  Default
Elements: HexMWedge o
Type: Cooper o

Spacing: M Apply  Default

q Interval size |

Options: M Mhesh
_| Remove old mesh
| s invenr siach
_l lgnare size functions

Apply | Reset | Close |

a) Select the volumes marked J and K in Figure 7-41 in the graphics window.
GAMBIT will automatically select th€ooper Scheme in the Mesh Volumes
form. See th&AMBIT Modeling Guide for more information on tGeoper
meshing scheme.

b) Enter4 as thelnterval size underSpacing in the Mesh Volumes form and click the
Apply button at the bottom of the form.

The volumes will be meshed as shown in Figure 7-42.
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-V

Figure 7-41: Volumes to be meshed

© Fluent Inc., Sep-04

Figure 7-42: Mesh on volumes J and K
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2. Mesh the volume marked L in Figure 7-41.
a) Select the volume marked L in Figure 7-41 in the graphics window.

GAMBIT will automatically select th€ooper Scheme in the Mesh Volumes
form.

b) Check that thRemove lower mesh and Remove old mesh check boxes are not
selected at the bottom of the form.

c) Click theApply button again.
To view the final mesh, click tS®ECIFY DISPLAY ATTRIBUTES command button

E' at the bottom of theGlobal Control toolpad. Select thédesh:On and
Render:Hidden options near the bottom of the form, and cligply. The final
volume mesh is shown in Figure 7-43.

T
e

i
SaEs

TS

o

S
=4

.
\\k""’-_‘ T

Figure 7-43: Final volume mesh

(NOTE The Hidden rendering option has been turned on in Figure 7-43 to
make the mesh easier to see.)
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3. You can view the mesh by shading it usingRENDER MODEL command button in
the Global Control toolpad

a) Hold down the right mouse button on RENDER MODEL command buttol=
Shaded . .
from the resulting list.

b) Rotate and translate the volume to view the mesh.

and selea

¢) When you are finished, return to the wireframe view of the modetlbgting the

R Wireframe

following command buttons in th@&obal Control toolpadi=
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Step 16: Examine the Volume Mesh

1. Select theEXAMINE MESH @ command button at the bottom right of falebal

Control toolpad.

This action opens thexamine Mesh form.

Examine Mesh

Display Type:
_JFlane _) Sphere @ Range

w lﬁ@

Quality Type:
Equisize Skew - |

Display Mode:

waows )| FB | [ EB | o |
M Wire W Faceted
Faceting Type:

@ Cuality ) Shade _) Hidden

Total Elements: 24369
Active Elements: 24369 (100.00%)
_| Show worst element

Lower l:g
[L]
Upper [
| 11
a 1
A Y O
Apply | Reset | Close

a) SelecRange underDisplay Type.

© Fluent Inc., Sep-04
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When you select thBisplay Type:Range option on theExamine Mesh form,
GAMBIT displays theShow worst element option immediately below the
statistics displayed under the histogram. If you selecShoa worst element
option, GAMBIT displays only the “worst” element as determined by the
currentQuality Type quality metric.

b) Select th&how worst element option.

Ly
c) Click theFIT TO WINDOW command buttor S| ot the top left of the&lobal
Control toolpad, to see where the worst element is located with regpdhbet
entire geometry.

d) Close theExamine Mesh form by clicking theClose button at the bottom of the
form.
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Step 17: Set Zone Types and Export the Mesh

1. Set boundary types for the complex pipe junction.

3

ZONES — SPECIFY BOUNDARY TYPES B

This command sequence opensSpezify Boundary Types form.

Specify Boundary Types

FIDAP

© Fluent Inc., Sep-04

Action:
@ Add
_JDelete

) hodify
) Delete all

Name

Type

inlet

PLOT |

-] |

T = :

_| Show labels _| Shows colors

Hame: | autiet

Type:

PLOT 4

Entity:

Faces — ||faceds ﬁ

Label

Type

|

Remove

Edit

Apply |

Reset | Close
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!

a)

It may be useful to remove the mesh from the display before yibie $eindary
types; it is then easier to see the faces of the geometry. 83teisnnot deleted,
just removed from the graphics window. To remove the mesh from theydispl

click theSPECIFY DISPLAY ATTRIBUTES command butto E' at the bottom of
the Global Control toolpad. Select théff radio button the right oklesh near the

bottom of the form and clidkpply.

Define an inlet.

i. Enter the namei‘hl et ” in the Name text entry box.
ii. SelectPLOT in theType option menu.

iii. Check thatFaces is selected as ttntity.

iv. Shiftleft-click the face marked A in Figure 7-44 and accept the selection.

L |

|17

Figure 7-44: Faces to set as inlet, outlet, and wall boundaries

b) Define an outlet.

7-68

i. Enter the namedut | et ” in the Name text entry box.

ii. Check thaPLOT is still selected in th&pe option menu.
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iii. Select the face marked B in Figure 7-44 and accept the selection.
c) Define symmetry boundary types for faces ontlyeplane.

You will pick the faces for this step usingGAMBIT picking procedure that
allows you to pick only entities that are completely within the mickiox in
the graphics window.

i. Enter the namesynmmet ry” in the Name text entry box.
ii. SelectPLOT in theType option menu.
iii. Right-click the ORIENT MODEL command button at the lower left corner of the

¥
xZ

Global Control pad and select thi |= option to orient the model as shown
in Figure 7-45.

Graphics windo
picking box

Figure 7-45: Model and picking boX view

iv. Shiftleft-drag the mouse toward the upper right of the graphics window to
create the picking box shown in Figure 7-45.

Note thatGAMBIT selects only the faces completely contained in the
picking box. If youShift-left-drag the mouse toward the lower left of the
graphics windowGAMBIT selects all faces touched by the picking box.
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v. Accept the selection of the faces.

Note that you could also specify the remaining external faces of the tank
geometry adWALL boundaries. This is not necessary, however, because
whenGAMBIT saves a mesh, any external faces (in 3-D) for which you

have not specified a boundary type will be written olWWAEL boundaries

by default.

In addition, wherGAMBIT writes a mesh, any volumes (in 3-D) for which
you have not specified a continuum type will be writterFladD by
default. This means that you do not need to specify a continuum type in the
Specify Continuum Types form for this tutorial.

d) Select thé&Show colors option on theéSpecify Boundary Types form and manipulate
the model in the graphics window to display the manner in which GAMBIT
assigns colors to boundary types.

2. Export a mesh file.
a) Open th&xport Mesh File form
File — Export — Mesh...

This command sequence opensBiport Mesh File form.

|

File Type: FIDAP/7.x Heutral

File Name: | Tank FDMEUT Browse...

g

$ e DN e B geaad

Accept Close

i. Enter theFile Name for the file to be exportedénk. FDNEUT).
ii. Click Accept.

The grid file will be written to your working directory.
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3. Save the GAMBIT session and exit GAMBIT

a) Seleckxit from theFile menu.

File — Exit.

Save the current session
(Tank)

hefore exit?

b) Click Yes to save the current session and exit GAMBIT.
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7.5 Summary

In this tutorial multiple primitive creations and Boolean operationgweed to create the
full geometry. Decomposition was embedded in the creation. Edge mebbimgdary
layers and face meshing were used to control the mesh densitypanaf mesh, in dif-
ferent areas of the model. TGeoper meshing scheme was used for all volumes.
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8. BASIC TURBO MODEL WITH UNSTRUCTURED MESH

This tutorial employs a simple turbine blade configuration to ikdstthe basic turbo
modeling functionality available in GAMBIT. It illustrates tteteps and procedures
required for importing data that describes the turbo blade, creagipgnaetric model that
describes the flow region surrounding the blade, meshing the model, andnexpuet
mesh. The example presented here uses 3-D boundary layers to ¢ensbape of the
mesh in the regions immediately adjacent to the blade and engplaysstructured hexa-
hedral mesh.

In this tutorial, you will learn how to:

* Import a turbo data file

» Create a turbo profile

» Modify a turbo profile to affect the shape of a turbo volume

* Create a turbo volume

» Define turbo zones

» Apply 3-D boundary layers to a turbo volume

* Mesh a turbo volume

* View a turbo volume mesh using both 3-D and 2-D perspectives

» Export a turbo volume mesh
8.1 Prerequisites

Prior to reading and performing the steps outlined in this tutorialskould familiarize
yourself with the steps, principles, and procedures described in Tutorials 1, 2, 3, and 4.
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8.2 Problem Description

Figure 8-1 shows the turbomachinery configuration to be modeled and mastiesl i
tutorial. The configuration consists of a turbine rotor on which &eedf 60 identical
blades, each of which is spaced equidistant from the others on thaubtdEach blade
includes a concavepfessurg side and a convexsyctior) side, and the rotor rotates
counterclockwise about theaxis, extracting work from the fluid (air) as it flows between
the blades (see Figure 8-2).

Figure 8-1: 60-blade turbine rotor
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h Outlet flow
Inlet flow -

. -

Figure 8-2: Turbine rotor blade configurations

The overall goal of this tutorial is to create a geometodehof the flow region immedi-
ately surrounding one of the turbo blades and to mesh the model using acturedr
hexahedral mesh.
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8.3 Strategy

In general, the GAMBIT turbo modeling procedure includes seven basic steps:
1) Creating or importing edge data that describes the turbo profile
2) Creating the turbo profile
3) Creating the turbo volume
4) Assigning zone types to regions of the turbo volume
5) Decomposing the turbo volume
6) Meshing the turbo volume

7) Viewing the turbo volume
This tutorial illustrates six of the seven steps listed abolve.tditorial excludes the turbo
decomposition step, because the turbo volume is to be meshed using uestiuexahe-

dral mesh elements. Turbo volume decomposition is primarily usedilitafe the crea-
tion of structured meshes (see Tutorial 9 in this guide).

NOTE: In this tutorial, the turbo-volume viewing operation (Step 7, abevélustrated
in conjunction with the mesh examination step (see “Step 11:Examine the Mesh,” below).
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8.4 Procedure

1. Copy the file
pat h/ Fl uent . | nc/ ganbi t 2. x/ hel p/tutfiles/turbo_basic.tur

(where2. x is the GAMBIT version number) from the GAMBIT installatiorearin
the directorypat h to your working directory.

2. Start GAMBIT using the session identifi@asi c_Tur bo”.
Step 1: Select a Solver
1. Choose the solver from the main menu bar:

Solver — FLUENT 5/6

The choice of solver affects the types of options available ®pdvify Boundary

Types form (see “Step 12:Specify Zone Types,” below). For some systems,
FLUENT 5/6 is the default solver. The currently selected solver is showredop

of theGAMBIT GUI.
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Step 2: Import a Turbo Data File

Turbo data files contain information th&AMBIT uses to define the turbo profile
(see “Step 3:Create the Turbo Profile,” below). Such information includes: point data
that describes the shapes of the profile edges, edge-continuity data, anidamatif

of the rotational axis for the turbo volume.

1. Select thémport Turbo File option from the main menu bar.

File — Import — Turbo...

This command sequence opendlitiport Turbo File form.

Type: Mative — |
File Name: || Browse...
Accept Close
2. Click theBrowse... button.
This action opens thgelect File form.

Filter

‘ nfefdacimshomesragertutarial s g

Directories Files

Mmisddocinshomesrogerdutorialss.
Mfsfdocin=rhomesrogertutarialsiarchive

prfsttocihomerogertutorials mmr-w-mm]

[-.J L R

Selection

‘ infafdocinhomelragertutarialsturbo_basic.tuf

accept Filter

Cancel
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a) In theFiles list, select urbo_basic. tur.
b) On theSelect File form, click Accept.
3. On thdmport Turbo File form, click Accept.

GAMBIT reads the information contained in the data file and constructs the set
of edges shown in Figure 8-3. The two straight edges shown in the figurieescr
the hub and casing for the turbo volume. The two sets of curved edges @nstitut
cross sections of a single turbo blade.

Casing edge

Blade cross sections

/

Hub edge

Figure 8-3: Imported turbo geometry
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Step 3: Create the Turbo Profile

The turbo profile defines the basic characteristics of the turbo volintiading the
shapes of the hub, casing, and periodic (side) surfaceSAMBIT, the edges that
describe the hub, casing, and blade cross sections are defined by meansiofetheir
endpoint vertices.

1. Specify the hub, casing, and blade-cross-section edges of the turbo profile.

TOOLS im - TURBO @ — CREATE PROFILE

This command sequence opensQieate Turbo Profile form.

Create Turho Profile

Hub Inlet  [Fvertex1 4
Casing Inlet |Evertex.3 ﬂ
Axis Define |

(0,0,0) -> (1,0, 0)

Blade Tips  [[vertex15 4
_| Sptters |! #
Apply | Reset | Close |

In this step, you will specify vertices that define the hub, casing, add btoss-
sections. In addition, you will specify the axis of revolution for thigot@onfigu-
ration. All instructions listed in this step refer to the vettsbels shown in Figure
8-4.
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Casing Inlet

B Blade Tips

Hub Inlet
A

Figure 8-4: Vertices used to specify the turbo profile

a) Activate theHub Inlet list box on theCreate Turbo Profile form.

To activate an input field, such as a list box, on @MBIT specification
form, left-click in the input box located adjacent to the field label—in this
case, ‘Hub Inlet”. (By default, GAMBIT activates thddub Inlet field when you
open theCreate Turbo Profile form.)

b) Select verted.

c) Activate theCasing Inlet list box.

d) Select verteR.

e) Specify ther axis as the axis of revolution for the turbo configuration.
i. Click theAxis:Define pushbutton.

This action opens théector Definition form.
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Vector Definition

Active Coordinate System Vector

Start: (0,0,0)

End: (1! 0, u)

_| Magnitude [}

Method:  cCoorg Sys. Axis o |

Coordinate Sys. |T_sys.1 ﬂ
Direction:
* (@ Positive ) Megative
Y _J Positive ) MNegative
J Positive ) Megative

Apply | Reset | Close

ii. Select theDirection:X-Positive option.

iii. On theVector Definition form, click Apply.
f) Activate theBlade Tips list box.
g) Select vertel.
h) Select verte®.

! The order in which th&lade Tips vertices are selected is important to the
definition of a turbo profile. Specifically, thglade Tips vertices must be
selected in order from the hub cross section to the casing cross section.

i) Click Apply to accept the vertex selections and create the turbo profile.

GAMBIT creates the turbo profile shown in Figure 8-5.
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/

/

Rail edges

&

Medial edges

Rail edges

Figure 8-5: Turbo profile

The profile includes six new edges, four of which are real edges and wcbf

are virtual edges. The four real edges are circular arc (“rail”) edghat are
formed by revolving the hub and casing endpoint vertices about the axis -of revo
lution for the profile. The two virtual edges are “medial” edges, theter@nost
shapes of which represent the mean shapes of the blade cross sectiogrsd-The
point vertices of the medial edges are hosted by the rail edges, ancedied m
edges are defined such that they pass through the leading and trailing veftices
the blade cross sections. The medial edges define the shapes of the penodi
faces on the turbo volume (see “Step 5:Create the Turbo Volume,” below).
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Step 4: Modify the Inlet and Outlet Vertex Locations

It is often useful to control the shape of the turbo volume such thaleiteand outlet
surfaces represent smooth flow transitions to and from the inlet and eutst
respectively, of the turbo blade. ®AMBIT, you can control the shape of the turbo
volume by adjusting the positions of the medial-edge endpoint verticeggon-

structing the volume.

1. Open thélide Virtual Vertex form.

it %

TOOLS — TURBO

This command sequence opensSiide Virtual Vertex form.

— SLIDE VIRTUAL VERTEX

Shde virtual Vertex

Vertex

|Ev_ver‘[ex.23

4

U value |[0.33%

¥ Yk l:

Coordinate Sys. |ic_sys ﬂ

Type Cartesian 4
Global Local

x: [-300 x: [-300

y: (14419815 y: [14.419815

z: [2294.9547 z: [2294.9547

Apply |

B Move With Links

Reset | Close |

a) Select the inlet endpoint vertex of the medial edge for thmgdlade cross

section (verteXA in Figure 8-5, above).

b) In theU Value field, enter the value. 999.

As an alternative to entering a value in ti/alue field, you can select the
vertex in the graphics window and drag it along its host rail edge untllthe
Value field value is 0.999.

¢) Retain thévlove With Links (defaul) option.

8-12

© Fluent Inc., Sep-04




BASIC TURBO MODEL WITH UNSTRUCTURED MESH Procedure

TheMove With Links option specifies thabAMBIT is to apply the currerflide
Virtual Vertex specifications to all medial-edge inlet endpoint vertices in addi-
tion to the selected vertex.

d) Click Apply to accept the new position of the medial-edge inlet endpoint vertices.

e) Select the outlet endpoint vertex of the medial edge for wiagchlade cross
section (verte»B).

f) In theU Value field, enter the value. 019.
g) Retain thévlove With Links (defaul) option.
h) Click Apply to accept the new position of the medial-edge outlet endpoint vertices.

The modified turbo profile appears as shown in Figure 8-6.

Figure 8-6: Turbo profile with modified inlet and outlet vertex locations
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Step 5: Create the Turbo Volume

A “turbo volume” is a 3-D region—which is defined by a set of one anergeomet-
ric volumes—that represents the flow environment surrounding the turbo Blagle.
turbo volume characteristics are determined by the turbo profile and lojfispion
of the number of blades on the rotor (or angle between blades), the tip cleasasdc
the number of spanwise sections. This example miatsaclude a tip clearance but
does include spanwise sectioning.

1. Specify the pitch and number of spanwise sections for the turbo volume.

#

TOOLS W\i — TURBO @ — CREATE TURBO VOLUME

This command sequence opensQfeate Turbo Volume form.

Create Turbo Volume

Fitch

B Elade count —

_| Tip Clearance:

@ o ;

) |
Spanwise Sections: |

Apply | Reset | Close |

a) In thePitch text box, ente60.

b) On thePitch option button (located to the right of tRich text box), select the
Blade count option.

c) In theSpanwise Sections text box, entep.
d) Click Apply.

GAMBIT creates the turbo volume shown in Figure 8-7.
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Casing face

/

Hub face

Figure 8-7: Turbo volume—consisting of two geometric volumes
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Step 6: Define the Turbo Zones

This step standard zone types to surfaces of the turbo volume. The zosgetifie
cations determine which faces are linked for meshing. In addi@&MBIT auto-
matically associates turbo zone types to boundary zone definitions for some solvers.

1. Specify the faces that constitute the hub, casing, inlet, outtbedfirbo volume, as
well as the pressure and suction sides of the turbo blade.

TOOLS W\i — TURBO @ — DEFINE TURBO ZONES @

This command sequence opensDéfine Turbo Zones form.

Define Turbo fones

Huh |Efa|:e.3
Casing |Erace.1 4
Inlet |Era|:e.39

Outlet |Erace.32

Pressure |Eface.29
Suction |Iface.3lil

LACALACITATS

Pre-decompose:
_| Link spanwise

| G s
Apply | Reset Close

a) Activate theHub list box.

b) Select the bottonh(b) face of the turbo volume (see Figure 8-7, above).
c) Activate theCasing list box.

d) Select the topcésing face of the turbo volume.

e) Activate thdnlet list box.

f) Select the twanlet faces.

g) Activate theQutlet list box.

h) Select the twoutletfaces.
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i) Activate thePressure list box.

i) Select the six faces on the inner-curpeeésureside) of the turbo blade.
k) Activate theSuction list box.
[) Select the six faces on the outer-cursiectionside) of the turbo blade.

m) Click Apply to assign the turbo zone types.
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Step 7: Apply 3-D Boundary Layers

For turbo models, 3-D boundary layers allow you to ensure the creation of high
quality mesh elements in regions adjacent to the turbo blade surfaces. Such boundary
layers are particularly useful when the turbo volume is to be meshed asi
unstructured meshing scheme.

1. Specify the hub, casing, and blade-cross-section edges of the turbo profile.

iEg

TOOLS ‘mi — TURBO @ — CREATE/MODIFY BOUNDARY LAYERS |=

This command sequence opensQteate Boundary Layer form.
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Create Boundary Layer

I W Show

b
a

Definition:
Algorithm: @ iniform
) Aspect ratio based

First rowr (a) 1

Growth factor (hfa) |7 7
| L

Rows s

| 11

Depth {D}) 74416
M Intemal continuity
_| Wedge comer shape

Transition pattem:
@ 11 4 331 5

Frogmition Hows

Attachment:

Faces |ﬁ’ace.38 ﬂ
Label I}

Apply | Reset | Close |

a) In theFirst row text box, enter a value af
b) In theGrowth factor text box, enter a value af 2.

c) IntheRows text box, specify a value @f, either by direct input of the value or by
sliding theRows slider bar.

GAMBIT automatically calculates Bepth value of 7.4416, based on tFiest
row, Growth factor, andRows specifications.

d) Select thénternal continuity option.
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e) In theAttachment input field, select th€éaces option.

f) Activate theFaces list box, and select the 12 faces that comprise the pressure and
suction sides of the turbo blade.

g) Click Apply.

Figure 8-8 shows the 3-D boundary layers projected onto the three spanwise
surfaces of the turbo volume.

Figure 8-8: Turbo volume with 3-D boundary layers

By default, GAMBIT displays the boundary layers in the graphics window
unless they are made invisible by direct user action. The boundary layer di
play can make it difficult to view the model during subsequent stepe in t
modeling process; therefore, it is advisable to render the boundary layers
invisible before continuing the tutorial.
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2. Select theSPECIFY DISPLAY ATTRIBUTES E' command button on thElobal

Control toolpad.

This action opens thépecify Display Attributes form.

wmaows P | FF | | F| e |

_| Groups All 4 liﬂ
_| Volumes Al — liﬂ
_| Faces an o |f e
_| Edges All = ||
_| Vertices all o ||
M B. Layers Al — ||
_| C. 8ys all = ||

[ [ [» [»

M visible 0n @ Of
_| Label @ On ) Off
_| Silhouette @ On _) Off
_| Mesh @ On _)Off

_| Render Wire

‘

M Lower topology
Apply | Reset | Close

a) Select th®. Layers check box.

b) Select thdisible:Off option.

c) Click Apply.

GAMBIT turns off the display of the boundary layers.

d) Close theSpecify Display Attributes form.

© Fluent Inc., Sep-04
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Step 8: Mesh the Blade Cross-Section Edges

In this step, you will pre-mesh the edges that represent the blade seotons,
thereby ensuring a finer mesh in proximity to the turbo blade surfacesstcasated
in the bulk of the turbo volume.

1. Mesh the centermost pressure-side edges of the turbo blade.

L

TOOLS im - TURBO @ — MESH EDGES/FACES/VOLUMES

This command sequence opensiMesh Edges form.

Edges |Eedge.85 ﬂ
M Pick with links Reverse
Soft link Form —

M Use first edge settings

Grading W spply Default

Type  Syccessive Ratio — |

Ihvert M Double sided

Ratio 1 |-| U?_‘E
L

Ratio 2 l:-] oz
L

Spacing § apply  Defadlt

10 Interval count - |

Options M Mesh
_| Remove old mesh
_l lgnore size functions

Apply | Reset | Close

a) Activate theEdges list box, and select the three centermost edges qoréissure
side of the blade cross sections.

b) On theGrading:Type option button, retaiSuccessive Ratio.
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¢) IntheRatio input field, enter a value df. 02.
d) Select thd®ouble sided option.

When you select thouble sided option, GAMBIT changes thdiatio input
field toRatio 1 and displays a field namdRatio 2 that contains a ratio specifi-
cation identical to that dRatio 1 (that is, 1.02).

e) On theSpacing option button, seledtterval count.
f) In theSpacing text box, enter a value @b0.
g) Click Apply.

GAMBIT meshes the selected edges as shown in Figure 8-®olitie sided
option with a ratio of 1.02 grades the edges such that mesh nodes are bunched
near the endpoint vertices of the edges.

Figure 8-9: Meshed centermost pressure-side edges of the turbo blade

2. Mesh the suction-side edges of the turbo blade.

a) Activate theEdges list box, and select the three centermost edges osuttt®n
side of the blade cross sections.

b) On theGrading:Type option button, retaiSuccessive Ratio.
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¢) IntheRatio input field, enter a value df. 02.
d) Select thd®ouble sided option.
e) On theSpacing option button, retaiimterval count.
f) In theSpacing text box, enter a value @fL0.
g) Click Apply.
3. Mesh the leading edges of the turbo blade.
a) Activate theEdges list box.

b) Select the six edges (two edges on each cross section) arsieithef thdeading
vertices for the top, middle, and bottom blade cross sections.

! When selecting the edges, modify the edge senses, as necessatyatsuch t
they point away from the leading vertices of the cross sections. Vében y
select an edge in the graphics winddB@AMBIT automatically displays an
arrowhead in the middle of the edge to indicate the sense of the edge. To
change the sense of any selected edge, middle-click the edge.: (N@EE
sense-direction arrowhead is obscured by mesh nodes displayed on the edge,
set thdnterval count to 1 while selecting edges for meshing.)

c) On theGrading:Type option button, retaiBuccessive Ratio.
d) In theRatio input field, enter a value af 05.

The single-sided meshing option with a ratio of 1.05 grades the edges such
that mesh nodes are bunched near the leading vertices of the edges—that is, in
the regions of highest curvature for the edges.

e) On theSpacing option button, retaiiterval count.
f) In theSpacing text box, enter a value ab.
g) Click Apply.
4. Mesh the trailing edges of the turbo blade.
a) Activate theEdges list box.

b) Select the six edges (two edges on each cross section) orsigiéhef thdrailing
vertices for the three blade cross sections.
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c) On theGrading:Type option button, retaiBuccessive Ratio.
d) In theRatio input field, enter a value df.

e) On theSpacing option button, retaiimterval count.

f) In theSpacing text box, enter a value 6f

g) Click Apply.

Figure 8-10 shows the final edge-mesh configuration for the turbo blade cross
sections.

Figure 8-10: Meshed edges of turbo blade cross sections
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Step 9: Mesh the Center Spanwise Face

To create an unstructured mesh for this example, it is best to @ie-the middle
spanwise face and to employ the middle face as a source fac€doper meshing
scheme applied to the two geometric volumes. The use of the middis Easeurce

face ensures that th€ooper scheme produces a mesh with minimal distortion

throughout the turbo volume.

1. Mesh the center spanwise face of the turbo volume.

— TURBO

D

This command sequence opensMbsh Faces form.

— MESH EDGES/FACES/VOLUMES

Faces

|Era|:e.31

|

Scheme:

Elements:

Type:

M Apply Default
GCluad -
Fave =

Spacing:

M Apply Default

Interval size  — |

Options:

Apply

M Mesh
_| Remove old mesh
| Bmms natr migsh

_l Ignore size functions

| Reset | Close

L

a) Activate theFaces list box, and select the middle spanwise face.

8-26

GAMBIT automatically selects th@uad and Pave Scheme options based on

the face characteristics.
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b) On theScheme:Elements option button, retain th@uad option.
c) On theScheme:Type option button, retain thlave option.

d) On theSpacing option button, select tHeterval size option.

e) In theSpacing text box, enter a value &f

f) Click Apply.

GAMBIT meshes the middle spanwise face as shown in Figure 8-11.

Figure 8-11: Meshed center spanwise face
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Step 10: Mesh the Volumes

In this step, you will apply &ooper meshing scheme to the two geometric volumes
that comprise the turbo volume.

1. Mesh the turbo volume.

B

TOOLS ‘im - TURBO @ — MESH EDGES/FACES/VOLUMES

ﬁ Hesh VYolumes
R

This command sequence opensMesh Volumes form.

Mesh Yolumes

Volumes |Evn|ume.2 ﬂ

Scheme: M Apply  Default

Elements: Hex'Wedge o
Type: Cooper o

Spacing: M apply  Default
10 Interval size |

Options: M Resh
_| Bemove old mesh
| Hemprrn sy saoh
_| Ignore size functions

Apply | Reset | Close |

a) Activate theVolumes list box, and select the both of the geometric volumes that
comprise the turbo volume.

GAMBIT automatically selects tH&cheme:Elements:Hex/Wedge and Scheme:
Type:Cooper options for the selected volumes.

b) Retain the automatically select®echeme options.

c) On theSpacing option button, seledtterval size.
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d) In theSpacing text box, enter a value af.
e) ClickApply.

GAMBIT meshes the volumes as shown in Figure 8-12.

Figure 8-12: Meshed volumes
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Step 11: Examine the Mesh

1. Select theEXAMINE MESH m command button at the bottom right of falebal
Control toolpad.

This action opens thgxamine Mesh form.

Examine Mesh

Display Type:
_JFlane _) Sphere @ Range

SDEIement4”§||m|

Quality Type:

Equiangle Skew — |

Display Mode:

waows )| FB | [ EB | o |
M Wire W Faceted
Faceting Type:

@ Cuality ) Shade _) Hidden

Total Elements: 172410
Active Elements: 8124 (4.717%)
_| Show worst element

Lower Eg_4
| L
Upper [} 5
| 1
a 1
N N
Apply | Reset | Close |

The Examine Mesh form allows you to view various mesh characteristics for the
3-D mesh. For example, Figure 8-13 displays volume mesh elements for which the
EquiAngle Skew parameter is between 0.4 and 0.5 for this example.
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Procedure

Figure 8-13: Hexahedral mesh elemenEsitAngle Skew = 0.4-0.5

TheExamine Mesh command and options can be used in conjunction witMiewe

Turbo Volume command to view 2-D characteristics of the mesh on the hub,
casing, and spanwise surfaces. Such views are particularly useful when examining
the mesh on highly twisted blades.

2. Display the middle spanwise surface in a cascade turbo view.

TOOLS

i

— TURBO @ — VIEW TURBO VOLUME

1

This command sequence opens\tiea Turbo Volume form.

© Fluent Inc., Sep-04

@ Cascade surface:

_JHub
. JCasing

View Turho Volume

(@ Spanwise |1I
_JOff

Apply | Reset |

Windows ililﬂlﬂl il

Close

8-31



Procedure BASIC TURBO MODEL WITH UNSTRUCTURED MESH

a) Select th€ascade surface:Spanwise option.
b) In theSpanwise text box, enter a value af

The Cascade surface specifications described above specify a flattened, 2-D
display of the middle spanwise surface of the turbo volume.

c) Click Apply.

Figure 8-14 displays face mesh elements for whicltdgbidngle Skew parameter
is between 0.1 and 0.3 for this example. (NOT& view the 2-D face elements
shown in Figure 8-14, select tidsplay Type: 2D Element option on theExamine

Mesh form, and specify the display of quadrilaterl_i‘_l) elements.)

Figure 8-14: Quadrilateral mesh elementsiAngle Skew = 0.1-0.3

Figure 8-15 displays a zoomed view of the mesh in the region surrounding the
blade tip.
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Figure 8-15: Quadrilateral mesh elements—zoomed view near blade tip

d) Select thedff option and clickApply to turn off the cascade turbo view before
specifying zone types.
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Step 12: Specify Zone Types

You can use th8pecify Boundary Types command to apply solver-specific boundary
zone specifications to surfaces of the turbo volume. For some solhemsypticlud-
ing Fluent 5/6, GAMBIT automatically assigns such boundary zone specifications.

1. Check the automatically applied boundary zone types.

B, i

ZONES — SPECIFY BOUNDARY TYPES

This command sequence opensSpezify Boundary Types form.

Specify Boundary Types

FLUENT 5/6

Action:
@ Add ) Modify
ADelete ) Delete all

Mame Type
periodic PERICDIC &
inlet PRESSURE_IMLE
autlet PRESSURE_OUT
hub WaLL
casing Wall
1 ] ]

_| Show labels _| Shows colors

Hame:
Type:
WALL ~ |
Entity:
Faces — ’7 ﬁ
Lahel Type
|
I [ 5 I
Remove | Edit |
Apply | Reset | Close |
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Step 13: Export the Mesh and Exit GAMBIT

1. Export a mesh file.
a) Open th&xport Mesh File form.
File — Export — Mesh...

This command sequence opensBxport Mesh File form.

|

File Type: UNS f RAMPANT f FLUENT 5/6

File Hame: | hasic_turadmsh Browse...

_| Export 2-Dix-4%) Mesh

Accept. Close

i. Enter theFile Name for the file to be exported—for example, the file name
“basi c_t urbo. nsh”.

ii. Click Accept.
GAMBIT writes the mesh file to your working directory.
2. Save the GAMBIT session and exit GAMBIT.
a) Seleckxit from theFile menu.
File — Exit

This action opens thexit form.

|

Save the current session
(Basic_Turbo)
hefore exit?

b) Click Yes to save the current session and exit GAMBIT.
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8.5 Summary

This tutorial demonstrates the use of the basic turbo modeling opsravailable in
GAMBIT. The edge data that describes the geometry of the turbiepnafs imported
from a turbo data file, and the completed turbo profile was adjustdtett the shape of
the turbo volume. The turbo volume was divided into two spanwise sectiadis, of
which was meshed by means dd@per scheme that employed the common face between
them as a source face. Three-dimensional boundary layers weedappie surfaces of
the turbo blade to ensure a high-quality mesh in proximity to the tusole bFinally, the
mesh examining capabilities in GAMBIT were used in conjunction i turbo
viewing capability to examine the 2-D mesh on the middle spanwise face.
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9. LOW-SPEED CENTRIFUGAL COMPRESSOR

This tutorial employs the configuration of a low-speed, centrifugaipressor blade to
demonstrate the use of imported geometry and the turbo volume decoonmpogération.

It illustrates how to adjust decomposition split points and employs a s&ddtakahedral
mesh.

In this tutorial, you will learn how to:

* Create a turbo volume based on imported ACIS geometry

» Decompose a turbo volume

9.1 Prerequisites

To understand this tutorial, you should review and understand the step9lesinand
procedures outlined in Tutorials 1, 2, 3, 4, and 8.
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9.2 Problem Description

Figure 9-1 shows the turbomachinery configuration to be modeled and mestiesl i
tutorial. The configuration represents the rotor of a low-speedifcgatr compressor
containing 20 identical, highly skewed blades, each of which is spgcétistant from

the others on the rotor hub. The configuration is designed such that the ahtjie inlet

and outlet flow directions are offset from each other by 90°.

Outlet flow

Inlet flow

Figure 9-1: Low-speed centrifugal compressor rotor
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9.3 Strategy

The GAMBIT turbo modeling procedure includes seven basic steps:
1) Creating or importing edge data that describes the turbo profile
2) Creating the turbo profile
3) Creating the turbo volume
4) Assigning zone types to regions of the turbo volume
5) Decomposing the turbo volume
6) Meshing the turbo volume
7) Viewing the turbo volume

This tutorial illustrates all of the steps listed above. In #xample, the edge data that
describes the turbo profile is imported from an ACIS file, and edf#®e turbo volume
are pre-split in the zone-type assignment step (Step 4) to facilitate decionp@tep 5).

NOTE: In this tutorial, the turbo-volume viewing operation (Step 7, abovilustrated
in conjunction with the mesh examination step (see “Step 10:Examine the Mesh,” below).

© Fluent Inc., Sep-04 9-3



Procedure LOW-SPEED CENTRIFUGAL COMPRESSOR

9.4 Procedure

1. Copy the file
pat h/ Fl uent . | nc/ ganbi t 2. x/ hel p/tutfil es/| scc-snoot h. sat

(where2. x is the GAMBIT version number) from the GAMBIT installatiorearin
the directorypat h to your working directory.

2. Start GAMBIT using the session identifierS' Cent ri f ugal _Conp”.
Step 1: Select a Solver
1. Choose the solver from the main menu bar:

Solver — FLUENT 5/6
The choice of solver affects the types of options available ®pdvify Boundary

Types form (see below). For some systeRI4JENT 5/6 is the default solver. The
currently selected solver is shown at the top ofGAMBIT GUI.
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Step 2: Import ACIS Geometry

To create a turbo modeGAMBIT requires the specification of a set of edges that
define the shapes of the turbo hub and casing and the cross-sectional shapes of the
turbo blade(s). In this tutorial, the edge specification data is imported &oACIS

file.

1. Select thémport ACIS File option from the main menu bar.

File — Import — ACIS

This command sequence opendlitiport ACIS File form.

|

File Hame: |1 Browse...
Import Options:
Format: @ A3CI _)Einary

_| Heal Geometry
_| Make Tolerant

Accept Close

2. Click theBrowse... button.

This action opens thgelect File form.
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|

Filter

| infsfdocinhomedrogertutarials” sat

Directaries Files

fnisfdocin/homefrogerdutarialss..
fnfsfdocinhomesrogertutarialsiarchive

[-] [N [ |

Selection

| infstdocinhomesrogertutarials/scc - smooth saf

| accept Filter Cancel

a) In theFiles list, select scc- snoot h. sat .
b) On theSelect File form, click Accept.
3. On thdmport ACIS File form, click Accept.

GAMBIT reads the information contained in the ACIS file and constructs the
geometry shown in Figure 9-2.
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Hub edge

Casing edge

Figure 9-2: Imported ACIS geometry for low-speed centrifugal compressor

© Fluent Inc., Sep-04
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Step 3: Create the Turbo Profile

The turbo profile defines the basic characteristics of the turbo vollm@&AMBIT,
the edges that describe the hub, casing, and blade cross sections are defined by
means of their inlet endpoint vertices.

1. Specify the hub, casing, and blade-cross-section edges of the turbo profile.

TOOLS im - TURBO @ — CREATE PROFILE

This command sequence opensQieate Turbo Profile form.

Create Turho Profile

Hub Inlet |§uer‘[ex.1 ﬂ
Casing Inlet |Evertex.2 ﬂ
Axis Define |

(0,0,0)-=(0,0,1)

Blade Tips |Ivertex.3 ﬂ
| Splitters |} |
Apply | Reset | Close |

In this step, you will specify vertices that define the hub, casing, add btoss-
sections. In addition, you will specify the axis of revolution for thigot@onfigu-
ration. All instructions listed in this step refer to the vettbels shown in Figure
9-3.
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a)
b)
c)
d)
e)

f)

Hub Inlet

Casing Inlet
B

Figure 9-3: Vertices used to specify the turbo profile

Activate theHub Inlet list box on theCreate Turbo Profile form.
Select verteA.

Activate theCasing Inlet list box.

Select verte®B.

Activate theBlade Tips list box.

Select (in order) vertices, D, andE.

! The order in which th@lade Tips vertices are selected is important to the
definition of a turbo profile. Specifically, thglade Tips vertices must be

selected in order from hub to casing.

g) Click Apply to accept the vertex selections and create the turbo profile.

GAMBIT creates the turbo profile shown in Figure 9-4.

© Fluent Inc., Sep-04
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Figure 9-4: Turbo profile for low-speed centrifugal compressor blade

The turbo profile for this tutorial includes six (real) rail edges ame¢ (virtual)
medial edges, each of which corresponds to one of the turbo blade cross sections.
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Step 4: Modify the Inlet and Outlet Vertex Locations

It is often useful to control the shape of the turbo volume such thaleiteand outlet
surfaces represent smooth flow transitions to and from the inlet and eutst
respectively, of the turbo blade. ®AMBIT, you can control the shape of the turbo
volume by adjusting the positions of the medial-edge endpoint verticeggon-

structing the volume.

1. Open thélide Virtual Vertex form.

TOOLS im - TURBO @ — SLIDE VIRTUAL VERTEX Dl

This command sequence opensSiide Virtual Vertex form.

Shde virtual Vertex

Vertex |Ev_vertex.25

|

U value [0.962

W Vel [

Coordinate Sys. |©_sys ﬂ
Cartesian —

Local

x: [91.833444

y: [104.02347

Type

Global
x: [31.833444
y: [104.02347
z: [-203.73134

z: [-203.73134

M rove with links

Apply | Reset

Close |

a) Select the inlet endpoint vertex of the medial edge for the ldle lbfoss section

(vertexA in Figure 9-4, above).

b) In theU Value field, enter the value. 962.

As an alternative to entering a value in ti/alue field, you can select the
vertex in the graphics window and drag it along its host rail edge untllthe

Value field value is 0.962.

¢) Retain thedefaul) Move with links option.

© Fluent Inc., Sep-04
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TheMove with links option specifies thaBAMBIT is to apply the currerilide
Virtual Vertex specifications to all medial-edge inlet endpoint vertices in addi-
tion to the selected vertex.

d) Click Apply to accept the new position of the medial-edge inlet endpoint vertices.

e) Select the outlet endpoint vertex of the medial edge for wiagchlade cross
section (verteB).

f) In theU Value field, enter the value. 981.
g) Retain thévlove with links option.
h) Click Apply to accept the new position of the medial-edge outlet endpoint vertices.

The modified turbo profile appears as shown in Figure 9-5.

Figure 9-5: Turbo profile with modified inlet and outlet vertex locations
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Step 5: Create the Turbo Volume

The turbo volume characteristics are determined by the turbo profile asgduyfi-
cation of the number of blades on the rotor (or angle between blades), theatip
ance, and the number of spanwise sections. This example does not include tigither
clearance or spanwise sectioning.

1. Specify the pitch for the turbo volume.

#

TOOLS W\i — TURBO @ — CREATE TURBO VOLUME

This command sequence opensQfeate Turbo Volume form.

Create Turbo Volume

Fitch

20 Elade count —

_| Tip Clearance:

(W fdtEngg li

_ N TEr echys gl i
Spanwise Sections: [

Apply | Reset | Close |

a) In thePitch text box, enteR0.

b) On thePitch option button (located to the right of tRéch text box), select the
Blade count option.

c) In theSpanwise Sections text box, entet.
d) Click Apply.

Figure 9-6 shows the resulting turbo volume.
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Blade
suction side

utlet face

Blade
pressure
side

Inlet face .
Casing face

Figure 9-6: Turbo volume for low-speed centrifugal compressor blade
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Step 6: Define the Turbo Zones

This step assigns standard zone types to surfaces of the turbo volumendtgpe
specifications determine which faces are linked for meshing. In additiassigning
zone types, this step employs pre-decomposition options that presplit @eriodi
surfaces in order to facilitate turbo volume decomposition (see “St@pcd@mpose

the Turbo Volume,” below).

1. Specify the faces that constitute the hub, casing, inlet, and oiutfet turbo volume,
as well as the pressure and suction sides of the turbo blade.

TOOLS W\i — TURBO @ — DEFINE TURBO ZONES @

This command sequence opensDéfine Turbo Zones form.

Define Turbo fones

Hub |Efa|:e.1 4
Casing |Erace.3
Inlet |Face.1

Outlet |Era|:e.5
Pressure |]’ace.25
Suction |Erace.2?

LALALILALALS

Pre-decompose:
M Link spanwise

M Split edges

Apply | Reset | Close |

a) Activate theHub list box, and select the bottotmup) face of the turbo volume.
b) Activate theCasing list box, and select the topgsing face of the turbo volume.
c) Activate thdnlet list box, and select thalet face of the turbo volume.

d) Activate theQutlet list box, and select theutletface of the turbo volume.

e) Activate thePressure list box, and select thigont two faces éxcludingthe flat,
trailing-tip face) on the inner-curvergssureside) of the turbo blade.

f) Activate theSuction list box, and select thizont two faces éxcludingthe flat,
trailing-tip face) on the outer-curveuctionside) of the turbo blade.
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The flat edges on the trailing tips of the blade cross sections areciotiéd
in the definitions of the pressure and suction surfaces; thereforewiheot
be merged into their respective surfaces in the decomposition step.

g) InthePre-decompose section, select both thénk spanwise andSplit edges options.

The Pre-decompose options specify thaGAMBIT is to merge the pressure

and suction surfaces of the blade, link the spanwise (hub and casing) faces of
the turbo volume, and split the periodic edges of the hub and casing faces to
facilitate decomposition of the turbo volume. The split locations for the pe
odic faces are determined by a set of default variables that can beeddaujfi
means of the&dit Defaults form (see Section 4.2.4 in ti@AMBIT User’s
Guide).

h) Click Apply.

GAMBIT assigns the zone types and splits the blade and periodic edges as shown
in Figure 9-7.

Figure 9-7: Turbo volume with pre-decomposition splits
Because the flat trailing edges are not included in the pressure and suction

surface definitions, the sharp edges at the trailing tip of the edge argaimaid
and are used for the turbo decomposition.

9-16 © Fluent Inc., Sep-04



LOW-SPEED CENTRIFUGAL COMPRESSOR Procedure

Step 7: Adjust Edge Split Points

It is often useful to modify the default split-point locations prior tcodgosing the

turbo volume. Such adjustments can facilitate success of the decompositationper
and the creation of spanwise faces that can be meshed with high-qualigntlem
You can adjust the split-point locations either before or after decompoditibrihe
adjustment process is less time-consuming if it is performed taridecomposition,
because it does not involve updating the face and volume configurations associated
with each adjustment.

In this step, you will adjust the turbo blade split points such that thegiase to, but
not coincident with, the leading edge vertex.

1. Open thélide Virtual Vertex form.

TOOLS W\i — TURBO @ — SLIDE VIRTUAL VERTEX D

This command sequence opensSiide Virtual Vertex form.

Shide virtual Vertex

Vertex |Ev_vertex.1 16 ﬂ

Uvalue [0.003
i Yk [

Coordinate Sys. |T_sys. ﬂ
Type Caresian —

Glohal Local

Xi [435.03762 xi [435.03782
y: -2.8060906 y: [-2.8060906
z: [0.76256724 z: [0.76256724

W Move with links
Apply | Reset | Close |

a) Select the suction-side, upstream split-point vertex on tlmgdase turbo blade
cross section (verteX in Figure 9-7, above).

b) In theU Value field, enter the value. 003.
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c)

d)

e)

f)
9)
h)

9-18

As an alternative to entering a value in tid/alue field, you can select the
vertex in the graphics window and drag it along its host rail edge untillthe
Value field value is 0.003.

Retain thévlove with links option.

TheMove with links option specifies thaBAMBIT is to apply the currerilide

Virtual Vertex specifications to all linked vertices in addition to the selected
vertex. In this case, the suction-side split-point vertex on thegcéece turbo
blade cross section is linked to a corresponding vertex on the hub face turbo
blade cross section.

Click Apply to accept the new split-point location.

Select the pressure-side, upstream split-point vertex ondimg ¢ace turbo blade
cross section (verteR).

In theU Value field, enter the value. 997.
Click Apply to accept the new split-point location.

Select the pressure-sidgystreamsplit-point vertex on the casing face periodic
edge (vertexC).

Unselect théVlove with links option.

Because the leading edge of the blade is swept backwards from hub to casing,
it is appropriate to move this vertex independently of the corresponding hub
vertex (vertex D). This independent movement is accomplished bgatingel

the Move with links option. (NOTE In all subsequenSlide Virtual Vertex
operations, thdlove with links option will remain unselected.)

In theU Value field, enter the value. 238.
Click Apply to accept the new split-point location.

Select the pressure-sidgystreamsplit-point vertex on the hub face periodic edge
(vertexD).

In theU Value field, enter the value. 812.
Click Apply to accept the new split-point location.

Select the pressure-sidmwnstreansplit-point vertex on the casing face periodic
edge (vertex).
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p) In theU Value field, enter the value. 812.
q) Click Apply to accept the new split-point location.

r) Select the pressure-siddgwnstreanmsplit-point vertex on the hub face periodic
edge (vertex).

s) Inthel Value field, enter the value. 156.
t) Click Apply to accept the new split-point location.

Figure 9-8 shows the turbo volume configuration with the adjusted split points.

Figure 9-8: Turbo volume with adjusted split points
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Step 8: Decompose the Turbo Volume

The decomposition step splits the turbo volume into four geometric volhees
topologies of which are suitable for the creation of structured hexahedral meshes.

1. Decompose the turbo volume.

TOOLS

ifi

- TURBO @

— DECOMPOSE TURBO VOLUME

This command sequence opensDésdmpose Turbo Volume form.

Type:

H o

Apply

Decompose Turbo Volume

=

| Reset | Close |

a) Retain thedefaul) Type:H option, and cliclApply.

GAMBIT decomposes the volume as shown in Figure 9-9.

Figure 9-9: Decomposed turbo volume for low-speed centrifugal compressor

9-20
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Step 9: Mesh the Volumes

The decomposition step (above) automatically sets the interval count and grading
the edges according to the turbo decomposition defaults. In addition, the decomposi-
tion sets face vertex types so that the volume is ready to mesh.

1. Mesh all of the volumes.

L

TOOLS ?m — TURBO @ — MESH EDGES/FACES/VOLUMES

% Hezh Yolumes
R

This command sequence opensiMesh Volumes form.

Mesh Yolumes

Volumes |Eu_un|ume.1 z ﬂ

Scheme: M fpply  Default
—

Elements: Hex

Type: hap 4

Smoother: Mone  —

Spacing: M Apply  Default

10 Interval size |

Options: M Mhesh
_| Remove old mesh
| Bgmove inwar mash
_l lgnare size functions

Apply | Reset | Close

a) Activate thé/olumes list box.
b) Select all four volumes.

GAMBIT automatically selects th&heme:Elements:Hex and Scheme:Type:
Map options.

¢) Retain the automatically selec@cheme options.
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d) On theSpacing option button, seledtterval size.

e) In theSpacing text box, enter a value af.

f) Click Apply.

9-22

Figure 9-10 shows the final meshed turbo volume.
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Figure 9-10:

Meshed turbo volume for low-speed centrifugal compressor
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Step 10: Examine the Mesh

1. Select theEXAMINE MESH m command button at the bottom right of falebal
Control toolpad.

This action opens thexamine Mesh form.

Examine Mesh

Display Type:
_JFlane _) Sphere @ Range

w lﬁ@

Quality Type:

Equiangle Skew — |

Display Mode:

wndows B | 09 | Y | 50 [ oo |
M Wire W Faceted
Faceting Type:

@ Cuality ) Shade _) Hidden

Total Elements: 1103380
Active Elements: 4444 (4.017%)
_| Show worst element

Lower ||:|2
| _L1
Upper |D:{
| 11
a 1
I N [ O
Apply | Reset | Close |
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The Examine Mesh form allows you to view various mesh characteristics for the
3-D mesh. For example, Figure 9-11 displays hexahedral volume mesh slement
for which theEquiAngle Skew parameter is between 0.2 and 0.3 for this example.

Figure 9-11: Hexahedral mesh elemenEsi#Angle Skew = 0.2—0.3

2. Display the casing surface in a cascade turbo view.

7

TOOLS im - TURBO @ — VIEW TURBO VOLUME

This command sequence opens\tiea Turbo Volume form.

View Turho Volume

@ Cascade surface:

_JHub
® Casing
_ ) Spanwise [:

_JOff

Windows ililﬂlﬂl il

Apply | Reset | Close |
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a) Select th€ascade surface:Casing option.

The Cascade surface specifications described above specify a flattened, 2-D
display of the casing surface.

b) Click Apply.

Figure 9-12 displays an enlarged view of the quadrilateral face mesh reme
near the blade tip on the casing surface for this example. In this caseetie
elements are colored to represent the value ofBinéAngle Skew parameter.
(NOTE To view the 2-D face elements shown in Figure 9-12, sele®ishlay
Type: 2D Element option on theExamine Mesh form, and specify the display of

) elements.)

guadrilateral

Figure 9-12: Quadrilateral mesh elements near bladeHipiAngle Skew = 0-1

c) Select theOff option and clickApply to turn off the cascade turbo view before
specifying zone types.
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Step 11: Specify Zone Types

You can use th8pecify Boundary Types command to apply solver-specific boundary
zone specifications to surfaces of the turbo volume. For some solhemsypticlud-
ing Fluent 5/6, GAMBIT automatically assigns such boundary zone specifications.

1. Check the automatically applied boundary zone types.

B, i

ZONES — SPECIFY BOUNDARY TYPES

This command sequence opensSpezify Boundary Types form.

Specify Boundary Types

FLUENT 5/6

Action:
@ Add ) Modify
ADelete ) Delete all

Mame Type
periodic PERICDIC &
inlet PRESSURE_IMLE
autlet PRESSURE_OUT
hub WaLL
casing Wall
1 ] ]

_| Show labels _| Shows colors

Hame:
Type:
WALL ~ |
Entity:
Faces — ’7 ﬁ
Lahel Type
|
I [ 5 I
Remove | Edit |
Apply | Reset | Close |
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Step 12: Export the Mesh and Exit GAMBIT

1. Export a mesh file.
a) Open th&xport Mesh File form
File — Export — Mesh...

This command sequence opensBxport Mesh File form.

|

File Type: UNS f RAMPANT f FLUENT 5/6

File Hame: | ls_cd msh Browse...

_| Export 2-Dix-4%) Mesh

Accept. Close

i. Enter theFile Name for the file to be exported—for examplés’ cc. nsh”.
ii. Click Accept.
GAMBIT writes the mesh file to your working directory.
2. Save the GAMBIT session and exit GAMBIT
a) Seleckxit from theFile menu.
File — Exit

This action opens thigxit form.

|

Save the current session
(L3_Centrifugal Comp})
before exit?

b) ClickYes to save the current session and exit GAMBIT.
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9.5 Summary

This tutorial demonstrates the use of ACIS geometry import armb tdecomposition
operations in GAMBIT turbo modeling. In this example, edge data impémad an
ACIS file were used to define a turbo profile, which, in turn, wasl tisecreate a turbo
volume representing the flow region surrounding one blade of a low-spegifugal
compressor. The turbo zones were assigned, the turbo volume was tpandpthe split-
point locations on the blade and periodic edges were adjusted t@afaakcomposition
and meshing. The final, decomposed turbo volume consisted of four volumesfeac
which could be meshed using a structured, hexahedral meshing scheme.
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10. MIXED-FLOW PUMP IMPELLER

This tutorial employs the configuration of a mixed-flow pump impetiedlemonstrate the
use of hybrid hexahedral/tetrahedral meshing capabilities in conjunvtiorGAMBIT
turbo modeling. Such capabilities are particularly useful for meshirp models that
involve highly twisted blades.

10.1 Prerequisites

Prior to reading and performing the steps outlined in this tutorialskould familiarize
yourself with the steps, principles, and procedures described in Tutorials 1, 2, 3, 4, and 8.
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10.2 Problem Description

Figure 10-1 shows the turbomachinery configuration to be modeled and nieghed
tutorial. The configuration consists of an impeller rotor on which areeaffiive identical
blades, each of which is spaced equidistant from the others on the rotor hub.

Figure 10-1: Mixed-flow impeller rotor

The overall goal of this tutorial is to create a geometndehof the flow region immedi-
ately surrounding one of the impeller blades and to mesh the modehybitd) hexahe-
dral/tetrahedral mesh.
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10.3 Strategy

In general, the GAMBIT turbo modeling procedure includes seven basic steps:
1) Creating or importing edge data that describes the turbo profile
2) Creating the turbo profile
3) Creating the turbo volume
4) Assigning zone types to regions of the turbo volume
5) Decomposing the turbo volume
6) Meshing the turbo volume

7) Viewing the turbo volume
This tutorial illustrates six of the seven steps listed abolve.tditorial excludes the turbo
decomposition step, because the bulk of the turbo volume is to be mesigednstiuc-

tured tetrahedral mesh elements. Turbo volume decomposition is pyriosed to facili-
tate the creation of structured meshes (see Tutorial 9 in this guide).

NOTE: In this tutorial, the turbo-volume viewing operation (Step 7, abisvidlustrated
in conjunction with the mesh examination step (see “Step 10:Examine the Mesh,” below).
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10.4 Procedure

1. Copy the file
pat h/ Fl uent . | nc/ ganbi t 2. x/ hel p/tutfiles/rotor-cyl-nod.tur

(where2. x is the GAMBIT version number) from the GAMBIT installatiorearin
the directorypat h to your working directory.

2. Start GAMBIT using the session identifieéhp_I npel | er ”.
Step 1: Select a Solver
1. Choose the solver from the main menu bar:

Solver — FLUENT 5/6
The choice of solver affects the types of options available irSpbeify

Boundary Types form (see below). For some systeRMIENT 5/6 is the default
solver. The currently selected solver is shown at the top GAMBIT GUI.
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Step 2: Import a Turbo Data File

Turbo data files contain information th&AMBIT uses to define the turbo profile
(see “Step 3:Create the Turbo Profile,” below). Such information includes: point data
that describes the shapes of the profile edges, edge-continuity data, anidajmatif

of the rotational axis for the turbo volume.

1. Select thémport Turbo File option from the main menu bar.
File — Import — Turbo...

This command sequence opendliiport Turbo File form.

|

Type: Native - |

File Hame: |I Browse...
Accept. Close

2. Click theBrowse... button.

This action opens thgelect File form.
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|

Filter

‘ fnfssdocim<fhomesragertutarials g

Directories Files

Misfdocinhomesrogertutorialss. turho_hasic tur
Mnfsfdocin=‘home/rogertutarials/archive

[ FER

Selection

‘ infsfdocinhomedragertutarials/ratar- cyl- mod tug

sccept Filter Cancel

a) In theFiles list, select ot or - cyl - nod. t ur.
b) On theSelect File form, click Accept.
3. On thdmport Turbo File form, click Accept.

GAMBIT reads the information contained in the data file and constructs the set
of edges shown in Figure 10-2. The two straight edges shown in the figure
describe the hub and casing for the turbo volume. The five sets of cdiesl e
constitute cross sections of a single impeller blade.
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Blade cross sections

)

Hub edge

Casing edge

Figure 10-2: Imported impeller geometry
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Step 3: Create the Turbo Profile

The turbo profile defines the basic characteristics of the turbo volintiading the
shapes of the hub, casing, and periodic (side) surfaceSAMBIT, the edges that
describe the hub, casing, and blade cross sections are defined by meansiofetheir
endpoint vertices.

1. Specify the hub, casing, and blade-cross-section edges of the turbo profile.

TOOLS W\i — TURBO @ — CREATE PROFILE

This command sequence opensQteate Turbo Profile form.

Create Turbo Profile

Hub Inlet  [ivertex.1 4
Casing Inlet |Evertex.3 ﬂ
Axis Define |

{0,0,0) -» {0, 0,1)

Blade Tips  [[rertex.13 4
_I spszars |1 ]
Apply | Reset | cClose |

In this step, you will specify vertices that define the hub, casing, add bftoss-
sections. All instructions listed in this step refer to theexedesignations shown
in Figure 10-3.
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me'l'lo

Blade TIpS
Casing Inlet

Hub Inlet
A

Figure 10-3: Vertices used to specify the turbo profile

a) Activate theHub Inlet list box on theCreate Turbo Profile form.

To activate an input field, such as a list box, on @MBIT specification
form, left-click in the input box located adjacent to the field label—in this
case, ‘Hub Inlet”. (By default, GAMBIT activates thddub Inlet field when you
open theCreate Turbo Profile form.)

b) Select verted.

c) Activate theCasing Inlet list box.

d) Select verteR.

e) Activate theBlade Tips list box.

f) Select (in order) the following verticeS; D, E, F, andG.

! The order in which th&lade Tips vertices are selected is important to the
definition of a turbo profile. Specifically, thglade Tips vertices must be
selected in order from the hub to the casing.

g) Click Apply to accept the vertex selections and create the turbo profile.

GAMBIT creates the turbo profile shown in Figure 10-4.
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Figure 10-4: Turbo profile
The turbo profile for this tutorial includes 10 (real) rail edges and five

(virtual) medial edges, each of which corresponds to one of the blade cross
sections.
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Step 4: Modify the Inlet and Outlet Vertex Locations

It is often useful to control the shape of the turbo volume such thaleiteand outlet
surfaces represent smooth flow transitions to and from the inlet and eutst
respectively, of the turbo blade. ®AMBIT, you can control the shape of the turbo
volume by adjusting the positions of the medial-edge endpoint verticeggon-
structing the volume.

1. Open thélide Virtual Vertex form.

TOOLS im - TURBO @ — SLIDE VIRTUAL VERTEX Dl

This command sequence opensSiide Virtual Vertex form.

Shde virtual Vertex

Vertex |Ev_vertex.33 ﬂ

Uvalue [0.021;
Y Wk [

Coordinate Sys. |©_sys ﬂ
Type Cartesian —

Global Local
x: [189.59301 x: [189.59301
y: [25.162404 y: [25.162404
z: [65.31532 z: [656.31592

M Move with links
Apply | Reset | Close |

a) Select the inlet endpoint vertex of the medial edge for the uUppde cross
section (verteXA in Figure 10-4, above).

b) In theU Value field, enter the value. 021.

As an alternative to entering a value in ti/alue field, you can select the
vertex in the graphics window and drag it along its host rail edge untllthe
Value field value is 0.021.

¢) Retain thedefaul) Move with links option.
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d)

e)

f)
9)
h)

10-12

TheMove with links specifies thaGAMBIT is to apply the currerlide Virtual
Vertex specifications to all medial-edge inlet endpoint vertices in addition to
the selected vertex.

Click Apply to accept the new position of the medial-edge inlet endpoint vertices.

Select the outlet endpoint vertex of the medial edge for the intgde cross
section (verte»B).

In theU Value field, enter the value. 703.
Retain thévlove with links option.
Click Apply to accept the new position of the medial-edge outlet endpoint vertices.

The modified turbo profile appears as shown in Figure 10-5.

u

Figure 10-5: Turbo profile with modified inlet and outlet vertex locations
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Step 5: Create the Turbo Volume

The turbo volume characteristics are determined by the turbo profile asgduyfi-
cation of the number of blades on the rotor (or angle between blades), theatip c
ance, and the number of spanwise sections. This example does not include tigither
clearance or spanwise sectioning.

1. Specify the pitch for the turbo volume.

#

TOOLS W\i — TURBO @ — CREATE TURBO VOLUME

This command sequence opensQfeate Turbo Volume form.

Create Turbo Volume

Fitch

q Elade count —

_| Tip Clearance:

@ Citens li

_ N TEr echys gl i
Spanwise Sections: [

Apply | Reset | Close |

a) In thePitch text box, entes.

b) On thePitch option button (located to the right of tRich text box), select the
Blade count option.

c) IntheSpanwise Sections text box, entet.
d) Click Apply.

GAMBIT creates the turbo volume shown in Figure 10-6.
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Outlet face Casing face

Hub face

Inlet face

Figure 10-6: Turbo volume for mixed-flow impeller blade
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Step 6: Define the Turbo Zones

This step standard zone types to surfaces of the turbo volume. The zodefityipe
tions determine which faces are linked for meshing. In addi@@MBIT automati-
cally associates turbo zone types to boundary zone definitions for some solvers.

1. Specify the faces that constitute the hub, casing, inlet, outtbe dfirbo volume, as
well as the pressure and suction sides of the turbo blade.

TOOLS

ifi

— TURBO @ — DEFINE TURBO ZONES

F
&
H

This command sequence opensDéfine Turbo Zones form.

Define Turbo fones

Huh |Efa|:e.1 Z
Casing |Erace.3
Inlet |Face.1

Outlet |Era|:e.5

Pressure |Efa|:e.1 ]

Suction |Iface.21

LALALALALALS

Pre-decompose:
_| Link spanwise
| Sl e

Apply | Reset

Close

a) Activate theHub list box, and select the bottotmup) face of the turbo volume.

b) Activate theCasing list box, and select the topgsing face of the turbo volume.

c) Activate thdnlet list box, and select thalet face.

d) Activate theOutlet list box, and select theutletface.

e) Activate thePressure list box, and select the inner-curyaréssureside) face of
the turbo blade.

f) Activate theSuction list box, and select the outer-cungigtionside) face of the

turbo blade.

g) Click Apply to assign the turbo zone types.

© Fluent Inc., Sep-04

10-15



Procedure MIXED-FLOW PUMP IMPELLER

Step 7: Apply 3-D Boundary Layers

For turbo models, 3-D boundary layers allow you to ensure the creation of high-
quality mesh elements in regions adjacent to the turbo blade surfaces. Such boundary
layers are particularly useful when the turbo volume is to be meshiad as
unstructured meshing scheme.

1. Apply boundary layers to the faces of the turbo blade.

iEg

TOOLS W\i — TURBO @ — CREATE/MODIFY BOUNDARY LAYERS

This command sequence opensQteate Boundary Layer form.

Create Boundary Layer

I B Show

b
a

Definition:

Algordthm: (& Uniform
_ 2 Aspect ratio based

First rowr (a) |17
Growth factor (bfa) [ 7
| 1

Rows 5

| L

Depth (D) 74416

B Intemal continuity
_| Wedge comer shape

Transition pattem:

@1 342 131 5

Transition Bows

Attachment:

Faces — |face.21I ﬂ
Label i

Apply | Reset | Close |
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a) In theFirst row text box, enter a value af
b) In theGrowth factor text box, enter a value af 2.

c) IntheRows text box, specify a value @f, either by direct input of the value or by
sliding theRows slider bar.

GAMBIT automatically calculates Bepth value of 7.4416, based on tFiest
row, Growth factor, andRows specifications.

d) Select thénternal continuity option.
e) In theAttachment input field, select th&éaces option.

f) Activate theFaces list box, and select the pressure and suction faces on the turbo
blade.

g) Click Apply.

Figure 10-7 shows the 3-D boundary layers projected onto the hub and casing
surfaces of the turbo volume.

Figure 10-7: Turbo volume with 3-D boundary layers
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By default GAMBIT displays the boundary layers in the graphics window unless
they are made invisible by direct user action. The boundary layer display c
make it difficult to view the model during subsequent steps in the ingpdel
process; therefore, it is advisable to render the boundary layersthilevisefore
continuing the tutorial.

2. Select theSPECIFY DISPLAY ATTRIBUTES E' command button on th&lobal
Control toolpad.

This action opens thépecify Display Attributes form.

Windows ililﬂlﬂlil
Jdarowps  an o |[f 4
Jvolumes  an [T 4
_| Faces Al ’7ﬂ
_| Edges All o
_| Vertices All
M B. Layers all o
_I C. 3ys all o]

M visible 0n @ of
_I Label @ On ) Off
_| Silhouette @ On ) Off
_| Mesh @ On ) Off

_| Render Wire

M Lower topology

]

A,

Apply | Reset | Close

a) Select th®. Layers check box.

b) Select thédisible:Off option.

c) Click Apply.

d) ClickClose to close thé&pecify Display Attributes form.

10-18
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Step 8: Mesh the Pressure and Suction Faces

To grow hexahedral cells from the blade surfaces, it is necessargtmgsh them
using aQuad Map scheme.

1. Mesh the pressure and suction surfaces of the turbo blade.

L

TOOLS T&i - TURBO @ — MESH EDGES/FACES/VOLUMES

This command sequence opensMesh Faces form.
Faces |Eface.21 ﬂ
Scheme: M Apply M

Elements: Guad  —

Type: hlap =

Smoother: Hone

Spacing: M Apply  Default

q Interval size |

Options: M tesh
_1 Remove old mesh
| Bamavs aenr s

_I Ignare size functions

Apply | Reset | Close |

a) Activate theFaces list box, and select the pressure and suction faces on the turbo
blade.

GAMBIT automatically selects th@uad and Map Scheme options based on
the face characteristics.

b) Retain the automatically select®cheme options.
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c) On theSpacing option button, select tHeterval size option.
d) In theSpacing text box, enter a value &f
e) ClickApply.

GAMBIT meshes the pressure and suction faces as shown in Figure 10-8.

Figure 10-8: Meshed faces of the impeller blade

10-20 © Fluent Inc., Sep-04



MIXED-FLOW PUMP IMPELLER Procedure

Step 9: Mesh the Volume
In this step, you will mesh the turbo volume using a hybrid scheme tpéiysm

hexahedral elements near the blade surface and tetrahedral elementsbinlkhef
the volume.

1. Mesh the turbo volume.

R

TOOLS im — TURBO @ — MESH EDGES/FACES/VOLUMES

% Hezh Yolumes
R

This command sequence opensiMesh Volumes form.

Mesh Yolumes

Volumes |Eun|ume.2 ﬂ

Scheme: M fpply  Default
Elements:  Tet/Hybrid
Type: TaGrd

Spacing: M Apply  Default

] Interval size |

Options: M Mhesh
_| Remove old mesh
L & gy maah
_l lgnare size functions

Apply | Reset | Close |

a) Activate théVolumes list box, and select the geometric volume that comprises the
turbo volume.

b) On theScheme:Elements option button, seledet/Hybrid.
c) On theScheme:Type option button, seledtyrid.

d) On theSpacing option button, seledtterval size.
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e) In theSpacing text box, enter a value 6f
f) Click Apply.

GAMBIT meshes the volume as shown in Figure 10-9.

WW

Figure 10-9: Meshed turbo volume for mixed-flow impeller blade
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Step 10: Examine the Mesh

1. Select theEXAMINE MESH @ command button at the bottom right of falebal
Control toolpad.

This action opens thexamine Mesh form.

Examine Mesh

Display Type:
_JFlane _) Sphere @ Range

w lﬁ@

Quality Type:

Equiangle Skew — |

Display Mode:

wndows B | 09 | Y | 50 [ oo |
M Wire W Faceted
Faceting Type:

@ Cuality ) Shade _) Hidden

Total Elements: 190859
Active Elements: 1667 (0.87%)
_| Show worst element

Lower Eu_g
| _L1
Upper [}3
| L
a 1
N I
Apply | Reset | Close |
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10-24

TheExamine Mesh form allows you to view various mesh characteristics for the 3-
D mesh. For example, Figure 10-10, Figure 10-11, and Figure 10-12 display
hexahedral, pyramidal, and tetrahedral volume mesh elements, respectvely, f
which theEquiAngle Skew parameter is between 0.2 and 0.3. In this case, the
hexahedral elements (Figure 10-10) result from the imposition of3te
boundary layer and are confined to the region immediately adjacent to the
impeller blade. The pyramidal elements (Figure 10-11) constitute aesingl
transition layer between the hexahedral and tetrahedral (Figure 10-12) elements.

Figure 10-10: Hexahedral mesh elemeniswiAngle Skew = 0.2—0.3
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Figure 10-12: Tetrahedral mesh elemenksiAngle Skew = 0.2—0.3
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TheExamine Mesh command and options can be used in conjunction witiieae
Turbo Volume command to view 2-D characteristics of the mesh on the hub and
casing surfaces. Such views are particularly useful when examining theomes
highly twisted blades.

2. Display the casing surface in a cascade turbo view.

1

TOOLS W\i — TURBO @ — VIEW TURBO VOLUME

This command sequence opensViie® Turbo Volume form.

View Turho Yolume

(@ Cascade surface:

. JHub
i@ Casing
_ ) Spanwise [

_ ) Off

windows [B | HH |_ﬂ|ﬂ_| an |

Apply | Reset | Close |

a) Select th€ascade surface:Spanwise option.

The Cascade surface specifications described above specify a flattened, 2-D
display of the middle spanwise surface of the turbo volume.

b) Click Apply.

Figure 10-13 displays an enlarged view of casing-surface face mesénttefor
which theEquiAngle Skew parameter is between 0.1 and 0.6 in the region sur-
rounding the impeller outlet tip. (NOTHOo view the 2-D face elements shown in
Figure 10-13, select thBisplay Type: 2D Element option on theExamine Mesh

form, and specify the display of both quadrilate@) and triangular @)
elements.)
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=

Figure 10-13: Casing-surface face mesh elemeBtsiAngle Skew = 0.1-0.6

c) Select theDff option and clickApply to turn off the cascade turbo view before
specifying zone types.
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Step 11: Specify or Check Zone Types

For some Solver options, including theFluent 5/6 option used in this tutorial,
GAMBIT automatically assigns boundary zone specifications to the turbo volume
faces when you define the turbo zones (see Step 6: Define the Turbo Yonesin
check such specifications and/or apply solver-specific boundary speoifisd(fior
cases in which they are not automatically applied) by means Sp#eify Boundary

Types form. It is useful to turn off the mesh display before checking aagfilying

the boundary zone specifications.

1. Select theSPECIFY DISPLAY ATTRIBUTES E'

Control toolpad.

command button on thGlobal

This action opens thépecify Display Attributes form.

windows )| OB | | | o |

darowps  an o |[f a
Jvolumes  an [T #
_| Faces Al ﬁﬂ
_| Edges al o (|
_l vertices 2l o ||}
_I B.Layers Al ||}
_| C. 8ys all ||}

_| visible @ on ) Off

10

_| Label @ On ) Off
_| Silhouette @ On ) Off
M Mesh 0n @ Of

_| Render Wire

M Lower topology
Apply | Reset | Close

a) Select thdesh:Off option.

b) Click Apply.

10-28
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c) ClickClose to close thé&pecify Display Attributes form.

2. Check the automatically applied boundary zone types.

B, i

ZONES — SPECIFY BOUNDARY TYPES

This command sequence opensSpezify Boundary Types form.

Specify Boundary Types

FLUENT 5/6

Action:
@ Add ) Modify
ADelete ) Delete all

Mame Type
periodic PERICDIC &
inlet PRESSURE_IMLE
autlet PRESSURE_OUT
hub WaLL
casing Wall
] [ I

_| Show labels _| Shows colors

Hame:
Type:
WALL ~ |
Entity:
Faces — ’7 ﬁ
Lahel Type
]
] e i
Remove | Edit |
Apply | Reset | Close |

If you select theéShow labels option, GAMBIT displays labels in the graphics
window for all of the assigned boundary zones. If you selec8hbw colors
option, GAMBIT shades and colors the faces for which boundary zones have
been defined.
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Step 12: Export the Mesh and Exit GAMBIT

1. Export a mesh file.
a) Open th&xport Mesh File form
File — Export — Mesh...

This command sequence opensBxport Mesh File form.

|

File Type: UNS f RAMPANT f FLUENT 5/6

File Name: | pump_impellefmsh Browse...

_| Export 2-Dix-4%) Mesh

Accept. Close

i. Enter theFile Name for the file to be exported—for example, the file name
“punp_i npel | er. nsh”.

ii. Click Accept.
GAMBIT writes the mesh file to your working directory.
2. Save the GAMBIT session and exit GAMBIT
a) Seleckxit from theFile menu.
File — Exit

This action opens thexit form.

|

Save the current session
(Pump_Impeller)
hefore exit?

b) Click Yes to save the current session and exit GAMBIT.
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10.5 Summary

This tutorial demonstrates the use of the GAMBIT turbo modeling tpesaas applied
to a mixed-flow pump impeller. In this case, 3-D boundary layere \applied to the
impeller faces, and the bulk of the turbo volume was meshed usgialyetétal elements.
As a result, the meshed turbo volume contained three volume elsipest hexahedral
(in the region adjacent to the impeller blade), pyramidal (aesitighsition layer), and
tetrahedral (in the bulk of the turbo volume).
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11. INDUSTRIAL DRILL BIT—STEP GEOMETRY

This tutorial employs a model of an industrial drill bit to illas¢r GAMBIT operations
that allow you to import and clean up STEP geometry, modify the nodelppress fea-
tures that can adversely affect meshing, and control mesh quiaiy5TEP data file that
describes the drill-bit geometry used in this tutorial wastedehy means of an external
CAD package.

In this tutorial, you will learn how to:
e Import STEP geometry

» Employ GAMBIT cleanup operations to clean up imported geometry and ssppre
model features that inhibit meshing

» Create and apply size functions to control mesh quality

NOTE: You can reproduce the perspectives of the figures in this tutnriaheans of
wi ndow natri x commands available in a journal file namedt1 _fi gures.j ou,”
which is included in theHel p/tut fi | es” online help directory. To exactly reproduce
the perspective of any figure, you can open the journal file and extwut&indow
matrix command associated with the figure. For example, the follogdgngnand repro-
duces the perspective of the model shown in Figure 11-3.

wi ndow matrix 1 entries \

0. 8298196196556 0. 1376460045576
-0.98521900177 -0. 3953186273575
- 0. 3955990076065 -0.0812062472105

0. 5420601963997 0. 742325425148

-12. 15634346008 12. 11377906799 -
15. 50736236572 -22.28459358215 2

- 0. 5407903790474 \
0. 828989803791 \
0. 3938567638397 \

-3.794617891312 \

4.06431388855 \

2. 28459358215

11.1 Prerequisites

Prior to reading and performing the steps outlined in this tutorialskould familiarize
yourself with the steps, principles, and procedures described in Tutorials 1, 2, 3, and 4.
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11.2 Problem Description

Figure 11-1 and Figure 11-2 show the drill-bit configuration to be mddaid meshed in
this tutorial. Figure 11-1 shows the full model, including the outer flaat circumscribes
the internal components. Figure 11-2 shows the internal components, themselves.

Y

Ly

Figure 11-1: Industrial drill bit configuration—full model
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Y

Lo

Figure 11-2: Industrial drill bit configuration—internal components
The goals of this tutorial are:
e To import the model by means of a STEP data file

* To use the GAMBIT cleanup tools to identify and eliminate shortsdgd small
faces that can adversely affect meshing

* To mesh the model using unstructured, tetrahedral mesh elememjsathie of
which is controlled by means of size functions

This tutorial, in conjunction with Tutorial 12, also illustrates théetiénces between geo-
metry import by means of STEP data files and direct CAD gagrimport. Specifically,
Tutorial 12 employs a model identical to that shown above but importiathedirectly,
as a “part” file, from the CAD program that was used to er¢la¢ drill-bit geometry.
(NOTE: The geometry for this example was created by means of rtéiENFGINEER
CAD program.)
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11.3 Strategy

The general strategy employed in this tutorial is as follows:
1) Import a STEP file that describes the drill-bit geometry.

2) Use the GAMBIT cleanup tools to identify and eliminate vdrgrsedges and
small faces that can adversely affect meshing.

3) Apply size functions to control mesh quality.
4) Mesh the model.
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11.4 Procedure

1. Copy the file
pat h/ Fl uent. | nc/ ganbit2. x/hel p/tutfiles/drill_bit.stp

(where2. x is the GAMBIT version number) from the GAMBIT installatiorearin
the directorypat h to your working directory.

2. Start GAMBIT using the session identifiex‘ 11 _Bi t _STEP”.
Step 1: Select a Solver
1. Choose the solver from the main menu bar:

Solver — FLUENT 5/6
The choice of solver affects the types of options available irSpbeify

Boundary Types form. For some systenfLUENT 5/6 is the default solver. The
currently selected solver is shown at the top ofGAMBIT GUI.
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Step 2: Import a STEP File

STEP data files contain geometry data formatted according to a set of industry
standards. For this tutorial, the STEP data file was created using the Pro/EN®&NEE

CAD program.

1. Select thémport STEP File option from the main menu bar.

File — Import — STEP...

This command sequence opendlitiport STEP File form.

|

Import Options:

File Hame: |'sfdcuc:Inx.fhDmefrnqerftumrialsfdrill_bit.std Browse...

Model Scale Factor |/

Stand-alone Geometry:
] B srande ainng varkdao
_| Mo stand-alone edges
_| Mo stand-alone faces
_| Heal Geometry

N Make Tolerant

Accept Close

2. Click theBrowse... button.

This action opens thgelect File form.

11-6
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|

Filter

| fnfsfdnu:lnx-’hu:umefrngerftutorialsf".st"p%:

Directories Files

1omeftogertutorialss.. Mmfsfdocinhomedtogertutarialsdhycalog. stp
Tomefrogerftutorialsfarchive

[-] ]

Selection

| fnfsfdnu:lrm’hnmefrngerftutorialsfdrilI_bit.stﬂ

Accept Filter Cancel

a) In theFiles list, selecdril | _hit. stp.
b) On theSelect File form, click Accept.
3. On thdmport STEP File form, click Accept.

GAMBIT reads the information contained in the data file and constructs the
geometry shown in Figure 11-3.
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Figure 11-3: Industrial drill bit—imported STEP geometry

© Fluent Inc., Sep-04
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Step 3: Merge Faces and Edges to Suppress Model Fea tures

It is often useful to use the face and edge merging operations availabENBIT
to suppress model features that would otherwise inhibit the meshing. stephjs/ou
will use a global face-merge operation to suppress such features.

1. Perform a global face-merge operation.

(7

GEOMETRY @ — FACE — SPLIT/MERGE/COLLAPSE/SIMPLIFY FACES

Herge Faces
;E'HIR HY I irtuats
This command sequence opensMbrge Faces (Virtual) form.

Faces &l - |[] |

Type:
A virual (Forced)
@ Virtual (Tolerance)

Min. Angle 16
M Merge edges
Apply | Reset | Close |

a) On theType option subset, select thetual (Tolerance) option.
b) On theFaces pick-list option button, seledil.

c) In theMin. Angle text box, inputL60.

d) Retain thévlerge edges option.

e) ClickApply to merge the faces.

GAMBIT merges the faces to create the model as shown in Figure 11-4.
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Vi,

[

Figure 11-4: Model with merged faces
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Step 4: Use Cleanup Tools to Check and Clean Up Geo  metry

GAMBIT cleanup tools allow you to easily identify and eliminate individual model
features that can inhibit meshing. In this step, you will use the cleanpttocheck
for the existence of “holes” and “cracks” in the model and to eliminate small faces.

1. Check for the existence of holes in the model.

“Holes” in the model are internal edge loops that do not constitute face
boundaries.

|?>"<i ‘

TOOLS im — CLEANUP & — CLEAN UP HOLES .—

This command sequence opensQiean Up Holes form.

Clean Up Holes

Cleanup domaih | whale madel

ltems: Update

Zoom: m% W Auto

Local: _| ¥izible _l Shaded

Method: Create face from wireframe
Options:
@ Real _) Virual

Close

a) Click theUpdate pushbutton located on the right side of ltems list heading.

In this caseGAMBIT does not populate tHtems list, because no holes exist
in the model.
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2. Check for the existence of cracks in the model.
For the purposes of the geometry cleanup operations, a “crack” is defined as
geometry consisting of an edge pair that meets the following criteria:
» Each edge in the pair serves as a boundary edge for a separate face.
» The edges share common endpoint vertices at one or both ends.

* The edges are separated along their lengths by a small gap.

TOOLS il ~ ceanup 2 . cLean up cracks L

This command sequence opensCiean Up Cracks form.

Clean Up Cracks

Cleanup domain | whale madel

Maximum angle |20 Default
ltems: Update

0 “ Restore

Current angle |

Zoom: m% W Auto

Local: _| ¥isihle _I| Shaded
Method: Connect edges

Options:
Tolerance{shortest edge %) [10

Close

a) Click theDefault pushbutton located on the right side of Meximum angle text
box.

GAMBIT displays the defaulflaximum angle criterion and automatically
populates thdtems list with all cracks existing in the model. In this case,
GAMBIT does not populate thkems list, because no cracks exist in the
model.
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3. Clean up small faces in the model.

In this substep, you will use thiean Up Small Faces form to identify and
eliminate individual small faces that can adversely affect meshing operations.

TOOLS i creanup L5 . cLean up smaLL Faces| L

This command sequence opensCiean Up Small Faces form.

Clean Up Small Faces

Cleanup domain | whale madel

Maximum area [[0.368076 Default
ltems: Update

face. 114
face. 158
face. 167
face. 2
face. 275
face. 55

[-.] “ Restore

Current area |

Zoom: m% W Auto

Local: _| ¥isible _l Shaded

Method:  picrge face o

Options:

Faces to merge | ﬂ
Close

a) Click theDefault pushbutton located on the right side of Meximum area text
box.

When you click thBefault pushbuttonGAMBIT displays thélaximum area of
faces to be included in titems list and populates thkkems list with all faces

in the Cleanup domain that meet thdlaximum area criterion. By default, the
Maximum area value is 100 times greater than the area of the smallest face in
the Cleanup Domain.

Figure 11-5 shows the three smallest faces in the model, all of lihehthe

base of the main drill-bit shaft. These three faces correspond taghthfiee
faces listed in thitems list.
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—
U

Figure 11-5: Three smallest faces in the model

b) Select the first face in thems list.

GAMBIT displays the area of the selected face in Guerent area field
located below th#tems list and highlights the selected face (face A in Figure
11-5) in the graphics window.

The Clean Up Small Faces form provides twdMethod options for eliminating
faces—Collapse face and Merge face. In this case,GAMBIT automatically
selects theverge face option and populates theaces to merge pick list with
suggested faces to merge.

c) Click theA/N pushbutton in the vertical array of pushbuttons located to the right of
theltems list.

The AN (“Apply/Next”) pushbutton removes the currently selected face from
the model then updates thtems list and automatically selects the next
smallest face in th€leanup domain. In this case GAMBIT eliminates the
selected face and automatically selects the next smallestdaeelfin Figure
11-5).

d) Click AN again to eliminate the next smallest face inGleanup domain.
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GAMBIT eliminates the selected face and automatically highlights the next
smallest face (face C in Figure 11-5).

e) ClickApply to eliminate the third smallest face in Cleanup domain.

Figure 11-6 shows the geometry in the region of the three smallestdéer
their removal from the model.

U

Figure 11-6: Base of main shaft with three smallest faces cleaned up

Having eliminated the three small, ovoid faces at the base of the main shaf

you will now remove four small, rectangular faces that serve asdipther,
larger faces (see Figure 11-7).
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f)

9)

h)

)

11-16

Figure 11-7: Small, rectangular lip faces

Select the first face in tHtems list.

GAMBIT highlights and zooms in on the smallest of the rectangular lip faces
(face D in Figure 11-7) and automatically selects Meege faces option and
populates th&aces to merge pick list with suggested faces to merge.

Click theA/N pushbutton to eliminate the selected face and automatically select the
next smallest face (fadein Figure 11-7).

Click theA/N pushbutton to eliminate the selected face and automatically select the
next smallest face (fadein Figure 11-7).

Click the A/N pushbutton to eliminate the selected face and automatically select the
next smallest face (facg in Figure 11-7).

Click Apply to eliminate the last of the lip faces.

After cleanup of the last lip face, titems list still contains a list of small
faces; however, the remaining faces are not small enough to adversety affe
meshing operations.

Figure 11-8 shows the final, cleaned-up geometry for the drill-bit model.
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Figure 11-8: Final, cleaned-up model geometry
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Step 5: Apply Size Functions to Control Mesh Quality

Highly skewed elements adversely affect numerical computationsiftr the mesh

is created GAMBIT includes several features that allow you to control the mesh, one
of which is the application of size functions. For example, size funciionbe used

to specify the rate at which volume mesh elements change in gimeximity to a
specified boundary. In this step, you will apply size functions to fous tddbe drill-

bit geometry and, thereby, control the size of the nearby mesh eldmefitainate

the skewed elements.

1. Specify a size function and apply it to four faces of the model.

: { :j‘~§
TOOLS ?&i — SIZE FUNCTIONS |—1 — CREATE SIZE FUNCTION E"

This command sequence opensQieate Size Function form.

Type: Fized o

Entities:

Source: Faces — ||Jv_face ﬂ
Attachment: wolumes o |[_val ﬂ

Parameters:
Startsize o035

Growth rate |1.2
Size limit .4
Label |}
Apply | Reset Close

a) Retain th@ype:Fixed option.

(NOTE In addition to the “fixed” size function illustrated in this tutorial,
GAMBIT provides “curvature,” “proximity,” and “meshed” size functions.
Curvature and proximity size functions are useful for controlling théhrmes
regions of high curvature and small gaps, respectively. Meshed size functions
use existing meshes to determine the size-function start siZzéeQemn 5.2.2

of theGAMBIT Modeling Guide.)

11-18 © Fluent Inc., Sep-04



INDUSTRIAL DRILL BIT—STEP GEOMETRY

Procedure

b) On theEntities:Source option button, select theces option.

¢) In theFaces list box, select the four faces shown (shaded) in Figure 11-9.

N
N
R 7
o
g

Lo
Vi

A
i

- Lﬁi’.'l"./
AN

[A

A
-
el

(!

Figure 11-9: Faces on which to apply size functions

d) On theEntities:Attachment option button, select thélumes option.
e) IntheVolumes list box, select the volume.

f) In theStart size text box, enter the value 035.

g) IntheGrowth rate text box, enter the valug, 2.

h) In theSize limit text box, enter the value, 4.

i) Click Apply to create the size function.

When applying the size functioGAMBIT displays a message in the
Transcript window indicating that the use of virtual entities as source entities
in the size-function definition can cause problems when evaluated during
background-grid generation. The message represents a warning only and can
be ignored in this cas€GAMBIT allows you to view the size function by
means of th¥iew Size Function command on th8ize Function toolpad.

© Fluent Inc., Sep-04

11-19



Procedure INDUSTRIAL DRILL BIT—STEP GEOMETRY

Step 6: Mesh the Volume

After the imported geometry is cleaned up and the size-function asedreand
attached, you can mesh the geometry using an unstructured, tetrahedral mesh.

1. Mesh the drill-bit volume.

i)

7

MESH — VOLUME — MESH VOLUMES &

This command sequence opensiMesh Volumes form.

Mesh Yolumes

Volumes |Iu_un|ume.2 ﬂ

Scheme: M fpply  Default

Elements:  Tet/Hybrid
Type: TGrid  —

Spacing: M Apply  Default

il Interval size o |

Options: M Mhesh
_| Remove old mesh
| s invenr siach
_l lgnare size functions

Apply | Reset | Close

a) Activate thé/olumes list box.
b) Select the volume.

GAMBIT automatically selects th&cheme:Elements:Tet/Hybrid and Scheme:
Type:TGrid options.

¢) Retain the automatically selec@echeme options.
d) On theSpacing option button, retain thiaterval size option.

e) In theSpacing text box, retain the default value bf
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The size function you attached to the volume in the previous steperiidev

the Spacing specifications.

f) Click Apply.
Figure 11-10 shows the final meshed volume.
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Figure 11-10: Meshed drill-bit volume
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Step 7: Examine the Volume Mesh

1. Select theEXAMINE MESH @ command button at the bottom right of Glebal
Control toolpad.

This action opens tHexamine Mesh form.

Examine kMesh

Display Type:
_JFlane ) Sphere @ Range

an Eienent - [ |4 4| @]

Quality Type:

Equidngle Skew |

Display Mode:

wiows 1 | £ | G| P | o |
N Wire W Faceted
Faceting Type:

@ Quality ) Shade ) Hidden

Total Elements: 437217
Active Elements: 22157 (4.65%)
_| Show warst element

Lower ED'E
| L
Upper [n.5
| L1
1] 1
N o
Apply | Reset | Close |
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a) SelecRange underDisplay Type at the top of the form.

The3D Element type selected by default at the top of the form is a 07
You will not see any mesh elements in the graphics window when you first

open theExamine Mesh form, because there are no hexahedral elements in the
mesh.

b) Left-click the tetrahedron icd next to3D Element near the top of the form.

The tetrahedral mesh elements will now be visible in the graphics window.
c) Select or retaiBquiAngle Skew from theQuality Type option menu.

d) Left-click the histogram bars that appear at the bottom diximaine Mesh form
to highlight elements in any given quality range.

Figure 11-11 shows the graphics window that results for elements with
EquiAngle Skew values between 0.5 and 0.6.

Figure 11-11: Elements witEquiAngle Skew values between 0.5 and 0.6

e) On theExamine Mesh form, click Close to close the form.
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Step 8: Export the Mesh and Exit GAMBIT

1. Export a mesh file.
a) Open th&xport Mesh File form
File — Export — Mesh...

This command sequence opensBxport Mesh File form.

|

File Type: UNS f RAMPANT f FLUENT 5/6

File Name: | drill_it_stermsh Browse...

_| Export 2-Dix-4%) Mesh

Accept. Close

i. Enter theFile Name for the file to be exported—for example, the file name
“drill _bit_step.nsh”.

ii. Click Accept.
GAMBIT writes the mesh file to your working directory.
2. Save the GAMBIT session and exit GAMBIT
a) Seleckxit from theFile menu.
File — Exit

This command sequence opensBkikform.

|

3ave the current session
{Drill_Bit_STEP)
before exit?

b) Click Yes to save the current session and exit GAMBIT.
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11.5 Summary

This tutorial demonstrates the importation of CAD geometry by means of a STeEfteda
and the operations that are sometimes required to clean up suchrgemmdetender it
suitable to GAMBIT meshing operations. In this case, the applicafi@ize functions
prevented the creation of skewed elements during meshing.
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12. INDUSTRIAL DRILL BIT—DIRECT CAD IMPORT

This tutorial employs the industrial drill-bit model described in Tutoriabliflustrate the
advantages of importing geometry directly from a CAD progtatimer than importing the
geometry by means of an intermediate (STEP) file. The direnflorted geometry does
not include the very short edges that required elimination in TutiRjghowever, it does
include some small faces that must be merged to facilitate meshing.

In this tutorial, you will learn how to:
* Import geometry directly from the Pro/ENGINEER CAD program

» Use the GAMBIT cleanup tools to identify and eliminate geomietayures that
can adversely affect meshing operations

NOTE (1) The capability of direct geometry import from the Pro/ENGHREprogram
requires a special GAMBIT license. Without the license, GAMB&hnot open a data-
base that includes directly imported CAD geometry.

NOTE (2) You can reproduce the perspectives of the figures in this tubyrialeans of
window matrix ~ commands available in a journal file namegi1?_figures.jou
which is included in theHelp/tutfiles ” online help directory. To exactly reproduce
the perspective of any figure, you must open the journal file and ex#weitwindow
matrix command associated with the figure. For example, the follogdgngnand repro-
duces the perspective of the model shown in Figure 12-3.

window matrix 1 entries \

0.8298196196556 0.1376460045576 -0.54079037904 74\
-0.98521900177 -0.3953186273575 0.82898980379 1\
-0.3955990076065 -0.0812062472105 0.39385676383 97\
0.5420601963997 0.742325425148 -3.79461789131 2\
-12.15634346008 12.11377906799 -4.06431388855 \

15.50736236572 -22.28459358215 22.28459358215

12.1 Prerequisites

Prior to reading and performing the steps outlined in this tutorialskould familiarize
yourself with the steps, principles, and procedures described in Tsitbria) 3, 4, 8, and
11.
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12.2 Problem Description

Figure 12-1 and Figure 12-2 show the drill-bit configuration to be mddald meshed in
this tutorial. Figure 12-1 shows the full model, including the outer flaat circumscribes
the internal components. Figure 12-2 shows the internal components, tresm3die

model shown in these figures is identical to that described in Tutorial 11.

Y

Lo

Figure 12-1: Industrial drill bit configuration—full model
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Y

Lo

Figure 12-2: Industrial drill bit configuration—internal components
The goals of this tutorial are:
* To directly import the drill-bit geometry from the Pro/ENGINEER CAD pragra
» To use GAMBIT cleanup operations to render the model suitable for meshing

» To mesh the model using unstructured, tetrahedral mesh elements liheajua
which is controlled by means of size functions

This tutorial, in conjunction with Tutorial 11, also illustrates thdedi#fnces between
direct CAD geometry import and geometry import by means of PSTHata files.

Specifically, this tutorial imports the data directly from Br@/ENGINEER program as a
“part” file. Consequently, the imported geometry does not include thestort edges

that otherwise complicate meshing (see Tutorial 11).
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12.3 Strategy

The general strategy employed in this tutorial is as follows:
1) Start the Pro/ENGINEER program.
2) Launch GAMBIT from within Pro/ENGINEER.

3) Import to GAMBIT a Pro/ENGINEER part file that describtee drill-bit
geometry.

4) Use GAMBIT cleanup operations to eliminate a few smaledathat would
otherwise complicate meshing.

5) Apply size functions to control mesh quality.

6) Mesh the model.

The operations involved in items 4-6, above, are nearly identicabse tdescribed in
Steps 4-6 of Tutorial 11.
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12.4 Procedure
Step 1: Start Pro/ENGINEER

1. In aterminal window, enter
gambit -id Drill_Bit_ProE —proe proe_startup_conmand

where proe_startup_command is the system-specific command to start Pro/-
ENGINEER.

This command start®ro/ENGINEER and displays theé’ro/ENGINEER user
interface.

! GAMBIT is available only in a 32-bit version; therefore, tReo/ENGINEER
version used for direct CAD import must also be 32-bit.
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Step 2: Start GAMBIT from within Pro/ENGINEER

1. Start GAMBIT and make it available as an option on the Pro/ENGINEER main me
a) Open the Pro/ENGINEERuxiliary Applications form.
Tools — Auxiliary Applications...

This command sequence opensRI@ENGINEERAuxiliary Applications form.

gambit Mot Running
Register... ] Info ]
Close |

i. Inthe list of available auxiliary applications, selgarhbit, and clickStart.

Pro/ENGINEER starts GAMBIT and displays a new option—titled,
Gambit—on the Pro/ENGINEER main menu. Pro/ENGINEER also
displays the message, “Application ‘gambit’ started successfully,” to
indicate the successful launch of BAMBIT program.

ii. Click Close to close thd\uxiliary Applications form.
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Step 3: Open the Part File
1. Open the Pro/ENGINEER patrt file.
a) Open the Pro/ENGINEER part file that describes the drill bit geometry.
File — Open...

This command sequence opensRh@ENGINEERFile Open form.

Looklnlf_‘l testing j Elll@j”;g— 3
0 A

o o

Mare drill hit.pr

Type | Pro/ENGINEER Files (prt, =] Sub-type | 7

Open I Cpen Rep.. | Cancel | Preview === |

i. In the file list, selectirill_bit.prt , and clickOpen.

Pro/ENGINEERopens the part file and displays it in tReo/ENGINEER
GUI graphics window.

I You cannot operate on parts or assemblies from withmENGI-
NEERwhile GAMBIT is running.
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Step 4: Display the GAMBIT User Interface

1. Display the GAMBIT graphical user interface.

a) On the Pro/ENGINEER main menu, start the GAMBIT interface.
Gambit — Start

Pro/ENGINEERreplaces its foreground user interface with thaG#MBIT
and remains operational in the background.

It is possible to switch betwedPro/ENGINEER and GAMBIT operation
while GAMBIT is running.

e To switch fromGAMBIT to Pro/ENGINEER you must exiGAMBIT
by means of thé&ile/Close option on theGAMBIT main menu bar.
When you exilGAMBIT in this manner, theGAMBIT window is
iconized, andGAMBIT continues to run until you end its execution
from withinPro/ENGINEER

» To switch fromPro/ENGINEERto GAMBIT, select thé&ambit — Start
option on théPro/ENGINEERmain menu bar.

To ensure that anAMBIT operations are preserved when switching back
and forth betweelsAMBIT and Pro/ENGINEER it is advisable to save the
GAMBIT database before switching fro@AMBIT to Pro/ENGINEER
operation.
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Step 5: Select the Solver
1. Choose the solver from the main menu bar:
Solver — FLUENT 5/6
The choice of solver affects the types of options available irSpbeify

Boundary Types form. For some systenfLUENT 5/6 is the default solver. The
currently selected solver is shown at the top ofGAMBIT GUI.
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Step 6: Import the CAD Geometry

In this step, you will directly import the drill-bit geometry frdPno/ENGINEER
GAMBIT designates the imported geometry as “CAD” geometry, and assigns its
components a¢ " prefix—for exampleg_face.123.

I To import geometry directly froPro/ENGINEERto GAMBIT, you must have a
special GAMBIT license. Without the licenseAMBIT cannot open a database
that includes directly-imported CAD geometry.

1. Select thdmport CAD Geometry option from the GAMBIT main menu bar.

File — Import — CAD...

This command sequence opendlitiport CAD Geometry form.

|

CAD Option:  Pro/ENGINEER (DIRECT) — |

Component:  DRILL_BITFRT _ |

_| Create groups

Accept Close

a) On theCAD Option option button, select tH&o/ENGINEER (DIRECT) option.
b) On theComponent option button, select tHeRILL_BIT.PRT option.

TheComponent option button includes all part files that are currently open in
Pro/ENGINEER

2. On thdmport CAD Geometry form, click Accept.

GAMBIT imports the part file and displays the geometry shown in Figure 12-3.
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Figure 12-3: Industrial drill bit—directly imported Pro/ENGINEER pas fil
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Step 7: Merge Faces and Edges to Suppress Model Fea

tures

As a first step in improving the meshing characteristics of the model, {yqekdrm
global face and edge merge operations to eliminate many faces that couldisgherw
adversely affect meshing.

1. Perform a global face-merge operation.

GEOMETRY

@

(7

— FACE

ﬂn H

Herge Faces
Mirtual?

— SPLIT/MERGE/COLLAPSE/SIMPLIFY FACES

This command sequence opensMbrge Faces (Virtual) form.

b)
c)
d)

e)

Faces ol o |[f #

Merge Faces (Virtual)

Type:
A Wirtual (Forced)
@ Virtual (Tolerance)

Min. Angle 160

M Merge edges
Apply |

Close

Reset |

On theFaces pick-list option button, seledil.
In theMin. Angle text box, inputl60.
Retain thévlerge edges option.

Click Apply to merge the faces.

On theType option subset, select thetual (Tolerance) option.

GAMBIT merges the faces as shown in Figure 12-4.

12-12
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Figure 12-4: Model after face-merge operation

12-13
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Step 8: Use Cleanup Tools to Check and Clean Up Geo  metry

GAMBIT cleanup tools allow you to identify and eliminate individual model features
that can inhibit meshing. In this step, you will use the cleanup tools t& &brethe

existence of very short edges, “holes,

eliminate some of the small faces.

cracks,” and small facaeeénmodel and to

1. Identify any short edges in the model that might cause meshing problems.

TOOLS

ifi

— CLEANUP & — CLEAN UP SHORT EDGES

| x

This command sequence opensQiean Up Short Edges form.

Clean Up Short Edges

Cleanup domain | whale madel

Maximum length [0 207323 Default
ltems: Update

o Apply
c_edge. 625 J B
c_edge. 651 o
c_edge. 401 T
c_edge. 675 Igrniore
c_edge. 749 A st

[-] [
Current length  [0.0207323

Zoom: m% M Auto

Local: _| Visible _] Shaded

Method:  vertex connect o
Options:
@ &verage location

JPreserve location: c_vertex.124
JPreserve location: c_vertex 116

Close

When you open any of the cleanup forms, such &Glear Up Short Edges form,
GAMBIT automatically sets the graphics window color mode to display colors
based on connectivity rather than topology. In addit@AMBIT automatically
sets the graphics window pivot function to the user-specified pivot mode.

12-14
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a) Click theDefault pushbutton located on the right side of Meximum length text
box.

GAMBIT displays thdlaximum length of edges to be included in thems list
and populates thiems list with all edges in th€leanup domain that meet the
Maximum length criterion. (In this case, the entire model constitutes the
Cleanup domain.) By default, théMlaximum length value is 10 times greater
than the arc length of the shortest edge inGleanup domain.

b) Select the first edge in titems list.

GAMBIT displays the arc length of the selected edge inCuireent length
field located below th#tems list and highlights and zooms in on the selected
edge in the graphics window (see Figure 12-5).

—rertex.,

“vertex. 124

Figure 12-5: Automatic graphics-window display of the first listed edge

In this case, the shortest edge in the model is not short enough to aglversel
affect meshing.

2. Check for the existence of holes in the model.

“Holes” in the model are internal edge loops that do not constitute face
boundaries.
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TOOLS im — CLEANUP & — CLEAN UP HOLES 2l

This command sequence opensQiean Up Holes form.

Clean Up Holes

Cleanup domaih | whale madel

ltems: Update

S350

Zoom: m% W Auto

Local: _| ¥izible _l Shaded

Method: Create face from wireframe
Options:
@ Real _) Virual

Close

a) Click theUpdate pushbutton located on the right side of ltems list heading.

In this caseGAMBIT does not populate tHtems list, because no holes exist
in the model.

3. Check for the existence of cracks in the model.

For the purposes of the geometry cleanup operations, a “crack” is defined as
geometry consisting of an edge pair that meets the following criteria:

Each edge in the pair serves as a boundary edge for a separate face.

The edges share common endpoint vertices at one or both ends.

The edges are separated along their lengths by a small gap.

— CLEAN UP CRACKS | ==

TOOLS ‘im — CLEANUP 2

This command sequence opensCiean Up Cracks form.
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Clean Up Cracks

Cleanup domaih | whale madel

Maximum angle |70 Default
ltems: Update

H; stare

[--]
Current angle |

Zoom: MM W auto

Local: _| “isible _] Shaded

Method: Connect edges
Options:
Tolerance(shortest edge %) [0

Close

a) Click theDefault pushbutton located on the right side of beximum angle text
box.

GAMBIT displays the defaulMaximum angle criterion and automatically
populates thdtems list with all cracks existing in the model. In this case,
GAMBIT does not populate thikems list, because no cracks exist in the
model.

4. Clean up one sharp angle in the model.

In this substep, you will use tiGlean Up Sharp Angles form to identify and
eliminate an edge pair that constitutes a “sharp angle.” For the purposes of the
geometry cleanup operations, a sharp angle is defined as an edge pair that meets
the following criteria:

» The edge pair shares a common endpoint vertex and serves as part of the
boundary for an existing face.

« One of the edges in the sharp-angle edge pair serves as a common
boundary edge between its bounded face and an adjacent face.

 The angle between the edges in the pair (computed at their common
endpoint vertex) is less than a specified angle.
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TOOLS im — CLEANUP & — CLEAN UP SHARP ANGLES L

This command sequence opensQiean Up Sharp Angles form.

Clean Up Sharp Angles

Cleanup domaih | whale madel

Mazimum angle izn Default

ltems: Update
c face. 170 |c vertex. 25- BRIl

c_face 150|c_wertesx 23 P
c_face. 245|c_wertex. 50

lgnore

] [
Current angle |14.E|832

Zoom: In | Out] B Auto
Local: _| Visible _] Shaded

Method: Merge faces

Options:
M Chop _I Bi-Chop
Distance [b.0z60333

Faces to merge |}v_face 344 ﬂ
Close

a) Click theDefault pushbutton located on the right side of Meximum angle text
box.

GAMBIT displays thdlaximum angle of angles to be included in titems list
and populates th#ems list with all face-vertex pairs in th@leanup domain
that meet th&laximum angle criterion. By default, thélaximum angle value is
20.

b) Select the first face-vertex pair in tkems list.

GAMBIT highlights and zooms in on the geometry that constitutes the sharp
angle (see Figure 12-6).
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NEANE

Sharp angle /

Figure 12-6: Geometry constituting a sharp angle

The Clean Up Sharp Angles operation uses aMerge faces procedure to
eliminate any sharp angle. In this ca8AMBIT automatically populates the
Faces to merge pick list with suggested faces to merge and selectShbpe
option. (For a complete description of tBéean Up Sharp Angles form, see
“Clean Up Sharp Angles” in Section 5.4.2 of B&MBIT Modeling Guide.)

c) Click theApply pushbutton in the vertical array of pushbuttons located to the right
of theltems list.

GAMBIT merges the highly angular region of one face with the adjacent face
to eliminate the sharp angle (see Figure 12-7).
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S

Merged region

Figure 12-7: Geometry after sharp-angle cleanup operation

5. Clean up small faces in the model.

In this substep, you will use thiean Up Small Faces form to identify and
eliminate individual small faces that can adversely affect meshing operations.

TOOLS

ifi

— CLEANUP

&

— CLEAN UP SMALL FACES

LA

This command sequence opensCiean Up Small Faces form.

12-20
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Clean Up 3mall Faces

Cleanup domaih | whale madel

Maximum area iD_SEEZES Default
ltems: Update

c_face. 123

c_face. 119 st

¢ face. 124

c_face. 152 M
c_face. 36 R

c_face. 21 i =

| J_ < Restore
Current area |

Zoom: MM W auto

Local: _| “isible _] Shaded

Method:  pierge face o

Options:

Faces to merge (| ﬂ
Close

a) Click theDefault pushbutton located on the right side of Maximum area text
box.

GAMBIT displays theMaximum area of faces to be included in thiems list
and populates thitems list with all faces in th€leanup domain that meet the
Maximum area criterion. By default, théMlaximum area value is 100 times
greater than the area of the smallest face inGleanup Domain.

Figure 12-6 shows the three smallest faces in the model, all of lihahthe
base of the main drill-bit shaft. These three faces correspond taghthfee
labels listed in thdtems list.
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Figure 12-8: Three smallest faces in the model

b) Select the first face in thems list.

GAMBIT displays the area of the selected face in Guerent area field
located below th#tems list and highlights the selected face (face A in Figure
12-8) in the graphics window.

The Clean Up Small Faces form provides twdMethod options for eliminating
faces—Collapse face and Merge face. In this case,GAMBIT automatically
selects theverge face option and populates theaces to merge pick list with
suggested faces to merge.

c) Click theA/N pushbutton in the vertical array of pushbuttons located to the right of
theltems list.

The AN (“Apply/Next”) pushbutton removes the currently selected face from
the model, then updates tlikems list and automatically selects the next
smallest face in th€leanup domain. In this case GAMBIT eliminates the
selected face and automatically selects the next smallestdaeelfin Figure
12-8).

d) Click AN again to eliminate the next smallest face inGleanup domain.
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GAMBIT eliminates the selected face and automatically highlights the next
smallest face (face C in Figure 12-8).

e) ClickApply to eliminate the third smallest face in Cleanup domain.

Figure 12-9 shows the geometry in the region of the three smallestdéer
their removal from the model.

!

Figure 12-9: Geometry with three smallest faces cleaned up

Having eliminated the three small, ovoid faces at the base of the hadin s
you will now remove four small, rectangular faces that serve asdipther,
larger faces (see Figure 12-10).
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f)

9)

h)

)

12-24

Figure 12-10: Small, rectangular lip faces

Select the first face in tHtems list.

GAMBIT highlights and zooms in on the smallest of the rectangular lip faces
(face D in Figure 12-10) and automatically selects Neege faces option and
populates th&aces to merge pick list with suggested faces to merge.

Click theA/N pushbutton to eliminate the selected face and automatically select the
next smallest face (fadein Figure 12-10).

Click theA/N pushbutton to eliminate the selected face and automatically select the
next smallest face (fadein Figure 12-10).

Click the A/N pushbutton to eliminate the selected face and automatically select the
next smallest face (facg in Figure 12-10).

Click Apply to eliminate the last of the lip faces.

After cleanup of the last lip face, titems list still contains a list of small
faces; however, the remaining faces are not small enough to adversety affe
meshing operations.

Figure 12-11 shows the final, cleaned-up geometry.
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Figure 12-11: Final, cleaned-up model geometry
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Step 9: Apply Size Functions to Control Mesh Quality

Highly skewed elements adversely affect numerical computationsiftr the mesh

is created GAMBIT includes several features that allow you to control the mesh, one
of which is the application of size functions. For example, size funciionbe used

to specify the rate at which volume mesh elements change in gimeximity to a
specified boundary. In this step, you will apply size functions to four ¢ddke drill-

bit geometry and, thereby, control the size of the nearby mesh eldmefitainate

the skewed elements.

1. Specify a size function and apply it to four faces of the model.

: { :j‘~§
TOOLS ?&i — SIZE FUNCTIONS |—1 — CREATE SIZE FUNCTION E"

This command sequence opensQieate Size Function form.

Type: Fized o

Entities:

Source: Faces — ||Jv_face ﬂ
Attachment: wolumes o |[_val ﬂ

Parameters:
Startsize o035

Growth rate |1.2
Size limit .4
Label |}
Apply | Reset Close

a) Retain th@ype:Fixed option.

(NOTE In addition to the “fixed” size function illustrated in this tutorial,
GAMBIT provides “curvature,” “proximity,” and “meshed” size functions.
Curvature and proximity size functions are useful for controlling théhrmes
regions of high curvature and small gaps, respectively. Meshed size functions
use existing meshes to determine the size-function start siZzéeQemn 5.2.2

of theGAMBIT Modeling Guide.)

12-26 © Fluent Inc., Sep-04



INDUSTRIAL DRILL BIT—DIRECT CAD IMPORT Procedure

b) On theEntities:Source option button, select theces option.

¢) In theFaces list box, select the four faces shown (shaded) in Figure 12-12.

Figure 12-12: Faces on which to apply size functions

d) On theEntities:Attachment option button, select thélumes option.
e) IntheVolumes list box, select the volume.

f) In theStart size text box, enter the valu®035 .

g) IntheGrowth rate text box, enter the valug,2 .

h) In theSize limit text box, enter the value.4 .

i) Click Apply to create the size function.

When applying the size functioGAMBIT displays a message in the
Transcript window indicating that the use of virtual entities as source entities
in the size-function definition can cause problems when evaluated during
background-grid generation. The message represents a warning only and can
be ignored in this caseGAMBIT allows you to view the size function by
means of th¥iew Size Function command on th8ize Function toolpad.
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Step 10: Mesh the Volume

After the imported geometry is cleaned up and the size-function asedreand
attached, you can mesh the geometry using an unstructured, tetrahedral mesh.

1. Mesh the drill-bit volume.

i)

7

MESH — VOLUME — MESH VOLUMES &

This command sequence opensiMesh Volumes form.

Mesh Yolumes

Volumes |Iu_un|ume.2 ﬂ

Scheme: M fpply  Default

Elements:  Tet/Hybrid
Type: TGrid  —

Spacing: M Apply  Default

il Interval size o |

Options: M Mhesh
_| Remove old mesh
| s invenr siach
_l lgnare size functions

Apply | Reset | Close

a) Activate thé/olumes list box.
b) Select the volume.

GAMBIT automatically selects th&cheme:Elements:Tet/Hybrid and Scheme:
Type:TGrid options.

¢) Retain the automatically selec@&echeme options.
d) On theSpacing option button, retain thiaterval size option.

e) In theSpacing text box, retain the default value bf
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The size function you attached to the volume in the previous steperiidev

the Spacing specifications.

f) Click Apply.
Figure 12-13 shows the final meshed volume.
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Figure 12-13: Meshed drill-bit volume
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Step 11: Examine the Volume Mesh

1. Select theEXAMINE MESH @ command button at the bottom right of Glebal
Control toolpad.

This action opens tHexamine Mesh form.

Examine kMesh

Display Type:
_JFlane ) Sphere @ Range

an Eienent - [ |4 4| @]

Quality Type:

Equidngle Skew |

Display Mode:

wiows 1 | £ | G| P | o |
N Wire W Faceted
Faceting Type:

@ Quality ) Shade ) Hidden

Total Elements: 437217
Active Elements: 22157 (4.65%)
_| Show warst element

Lower ED'E
| L
Upper [n.5
| L1
1] 1
N o
Apply | Reset | Close |
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a) SelecRange underDisplay Type at the top of the form.

The3D Element type selected by default at the top of the form is a 07
You will not see any mesh elements in the graphics window when you first

open theExamine Mesh form, because there are no hexahedral elements in the
mesh.

b) Left-click the tetrahedron icd next to3D Element near the top of the form.

The tetrahedral mesh elements will now be visible in the graphics window.
c) Select or retaiBquiAngle Skew from theQuality Type option menu.

d) Left-click the histogram bars that appear at the bottom diximaine Mesh form
to highlight elements in any given quality range.

Figure 12-14 shows the graphics window that results for elements with
EquiAngle Skew values between 0.5 and 0.6.

Figure 12-14: Elements witEquiAngle Skew values between 0.5 and 0.6

e) On theExamine Mesh form, click Close to close the form.
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Step 12: Export the Mesh and Close GAMBIT

1. Export a mesh file.
a) Open th&xport Mesh File form
File — Export — Mesh...

This command sequence opensBxport Mesh File form.

|

File Type: UNS f RAMPANT f FLUENT 5/6

File Name: |Edri||_bi1_proe,msh Browse...

_| Export 2-Dix-4%) Mesh

Accept. Close

ii. Enter theFile Name for the file to be exported—for example, the file name
“drill_bit_proe.msh "

iii. Click Accept.
GAMBIT writes the mesh file to your working directory.
2. Save the GAMBIT session and close GAMBIT

a) SelecClose from theFile menu.

File — Close

This command sequence opensCiose form.

|

3ave the current session
{Drill_Bit_ProE)
before close?
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TheClose option is available only wheBAMBIT is launched from within the
Pro/ENGINEERprogram.

b) ClickYes to save the current session and return to Pro/ENGINEER.

The Pro/ENGINEER user interface redisplays in the foreground, and
GAMBIT continues to run in the background.
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Step 13: Exit Pro/ENGINEER and GAMBIT
1. Exit the Pro/ENGINEER program.

File — Exit...

This command sequence opensRh@ENGINEERCONFIRMATION form.
@ Do you really want to exit?

¥es | o I

a) ClickYes to exit Pro/ENGINEER.

When you exiPro/ENGINEER GAMBIT is still running, and th€lose form
is still open.

b) On the GAMBIT Close form, clicNo to exit GAMBIT.
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12.5 Summary

This tutorial demonstrates the direct import of CAD geometry BAMBIT and the
operations that are sometimes required to render such geometrgdento GAMBIT
meshing operations. A comparison of the procedures described here with those of Tutorial
11 illustrates the advantages of direct CAD import versus ingfoBAD geometry by
means of intermediate files—for example, STEP files. Spelijfiche directly imported
geometry does not include the very short edges that result from gganmirt by means

of the STEP file.
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13. CATALYTIC CONVERTER

In this tutorial you will import an IGES file describing the getm of an automotive
catalytic converter. You will clean up the geometry using GAMBIlean-up tools and
mesh the geometry using a hex-core meshing scheme.

In this tutorial you will learn how to:
* Import an IGES file
* Use a heal-geometry operation to repair the imported geometry
» Use several clean-up operations to clean up the geometry
» Apply size functions to control mesh quality
* Mesh a volume with a hex-core mesh
* Prepare the mesh to be read into FLUENT 5/6

NOTE: You can reproduce the perspectives of the figures in this tutnriaheans of
wi ndow natri x commands available in a journal file named13_fi gures.j ou,”
which is included in theHel p/tut fi | es” online help directory. To exactly reproduce
the perspective of any figure, you can open the journal file and extwut@indow
matrix command associated with the figure. For example, the follogdgngnand repro-
duces the perspective of the model shown in Figure 13-2.

wi ndow matrix 1 entries \

-0. 8254742026329 -0.5580788850784  -0.08449375629425 \
35. 9133605957 -0.03749995678663 -0.

. 09513910114765 \

0.9947574734688 -52.56211853027 -0.563191473484 \

0. 8243152499199 0.05760711431503 16.31116676331 \

-69. 85343933105 93. 40626525879 -87. 0938949585 \
44.18941116333 -189. 0608520508 189. 0608520508

13.1 Prerequisites

This tutorial assumes you have worked through Tutorials 1 and 6 arfidnaliar with
use of the GAMBIT GUI and general clean-up operations.
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13.2 Problem Description

Figure 13-1 shows the geometry to be imported and meshed in this tutbisajedmetry
represents a complex portion of a catalytic converter, including fouraingatts through
which exhaust gases flow. The imported geometry consists of maayg add faces that
you will eliminate before generating the volume mesh. The mssli will consist of a
core of hexahedral elements surrounded by layers of pyramidal and tetrahednalseleme

Figure 13-1: Catalytic-converter geometry
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13.3 Strategy

In this tutorial, you will create a “hex-core” mesh in a cdi@lconverter geometry
imported as an IGES file. This tutorial illustrates many of skeps you can take in
GAMBIT to prepare imported CAD geometry for meshing. In thisecalke imported
geometry contains many faces and edges that can complicatengnbghiinnecessarily
constraining the mesh-generation process. In addition, the importedtgecom@ains a
“bad” face (with convoluted geometry) and an overlapping face. Afterg a GAMBIT

heal-geometry operation to simplify the imported geometry, you elan up the
geometry using the clean-up tools available in GAMBIT. You thi#in pave four large,
circular faces on the geometry and generate a mesh consistingaré of hexahedral
elements surrounded by pyramidal and tetrahedral elements.
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13.4 Procedure

1. Copy the file
pat h/ Fl uent. | nc/ ganbit2. x/ hel p/tutfiles/catal ytic_conv.igs

(where2. x is the GAMBIT version number) from the GAMBIT installatiorearin
the directorypat h to your working directory.

2. Start GAMBIT using the session identifigzat al yti c_Converter”.

Step 1: Select a Solver

1. Choose the solver from the main menu bar:
Solver — FLUENT 5/6
The choice of a solver dictates the options available in various forons (f
example, the boundary types available in $ipecify Boundary Types form). For

some system&LUENT 5/6 is the default solver. The solver currently selected is
shown at the top of tteAMBIT GUI.
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Step 2: Import the IGES File

File — Import — IGES ...

This command sequence opendlitiport IGES File form.

|

File Hame: |E-’nfsfduclnx-’hnmefrnqerﬁutnrialsfcatalyti|: Browse...

Summary:
Product ID Moname
System ID By Spatial Corp.

Model Space Scale 1 Units raAkA
Date 20030227 Time 131420
Distance Tolerance 1e-06

Maximum Coordinate 0

Import Options:
Translator: ) Mative @ Spatial

Model Scale Factor |Ti

Stand-alone Geometry:
M ro stand-alone verices
M Mo stand-alone edges
_| Mo stand-alone faces

Import Source _ Generic |

_| Heal Geometry
_| Make Tolerant

_| virtual Cleanup:
Corpprel aloranos
) |

@ Shartestege % [he

boriea Tolgranng |

Accept Reset Close
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1. Click on theBrowse... button.

This action opens théelect File form.

|

Filter

| infsidocin<homesragertutorials™ ig*s

Directories Files
fnfsfdocin=fhomesrogertutorialss.. tutorialsfsedan.igs

fnisfdocinsshomesrogertutorials/archive

[-1 [
Selection

| infsfdocinshomesragertutorialsicatalytic_cony.igg

| Accept Filter Cancel

a) Selectatal ytic_conv. i gs in theFiles list.

b) Click Accept in theSelect File form.

2. On thelmport IGES File form, underStand-alone Geometry, select theNo stand-alone
vertices andNo stand-alone edges options.

3. Unselect th#lake Tolerant option.

4. ClickAccept.

The IGES file for the catalytic converter will be read i@8MBIT (see Figure
13-2).
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ter geometry

Figure 13-2: Imported catalytic-conver
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Step 3: Attempt to Heal the Geometry

2.

13-8

The imported geometry is somewhat “dirty"—that is, it contains gapsegetviace
boundaries that can prevent the creation of a meshable volume. In this steyll you
attempt to “heal” the geometry to eliminate the gaps.

View entity connectivity in the model.

+

a) Click theSPECIFY COLOR MODE command buttor &t in the Global Control
toolpad to change to the graphics display to connectivity-based coloring.

)
The SPECIFY COLOR MODE command button will change - Y. When
GAMBIT is in the connectivity display mode, the model is displayed with
colors based on connectivity between entities rather than based on entity
types. In this case, all edges are displayed as orange, indicating that tee face
they bound are not connected to each other.

Attempt the geometry healing operation.

5l
o — FACE = — SMOOTH/HEAL REAL FACES Lo

GEOMETRY

This command sequence opensSineoth/Heal Real Faces form.
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a)
b)
c)

d)

e)

f)

9)

Faces Al — |[I |

_| Smooth faces

M Heal geometry
M Simplify geometry

Tolerance  Auto o

M Stitch faces

Tolerance  Auto o

M Repair geometry

M Make tolerant
Apply | Reset | Close

Select\ll from the option menu to the right Bdces.
Unselect th&mooth faces option.
Select théleal geometry option.

Select th&implify geometry option.

This option specifies whether or TBAMBIT converts NURBS data to ana-
lytic data, where possible, to within a specified tolerance.

Retain thétitch faces option.

This option specifies th&AMBIT stitches faces to create a volume during
the healing operation.

Select theRepair geometry option.

This option specifies th&AMBIT attempts to repair the model geometry by
recomputing and/or extending surface and curve definitions so that the model
“fits together” properly.

Click Apply.
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Most of the edges turn blue, indicating that the healing operation is sudcessf

at connecting most faces; however, several edges remain orange. Three sets of
orange edges represent circular holes in the model that will be cleanied up
Step 7. The others indicate the existence of one “bad” face and one overlap-
ping face in the model (see Figure 13-3). Before you can successhllihée
geometry, you must eliminate the bad face and the overlapping face.

Figure 13-3: Region of the model containing bad and overlapping faces
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Step 4: Eliminate the Bad and Overlapping Faces

The imported IGES geometry contains two faces that inhibit the geohestling
operation. In this step, you will identify and eliminate both faces.

1. Citrl-left-drag the mouse to zoom in on the region containing the bad andppied
faces (shown as shaded faces in Figure 13-4).

Overlapping face

Figure 13-4: Zoomed view of bad and overlapping faces

The shaded faces shown in Figure 13-4 must be deleted, rather than 