GridgenTraining
> > > > > > > > > >

O In this session:
O Gridgen Terminology.
O GUI Components.
o Gridgen Help.
O Building 2D Structured Grids.
Q
Q

Building 2D Unstructured Grids.
Tutorial: “2D Bump: Basic Skills.”
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What's an Entity?
> > > > > > > > > >

An entity is any individual element that makes up part of a grid or
geometry.

Connectors Domains Blocks

Examples of Gridgen entities
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Connectors

> > > > > > > > >

Connectors are

the curve entities
that define all grid
edges.

Nodes mark
connector
endpoints.

Connectors
contain one or
more segments.

Control Points
let user define

segment shape.

Connectors are
dimensioned by
number of grid
points with

a distribution
describing how
they are placed.
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Domains
»)»»»»)—

Structured

A Domainis a

‘ i T A Domains have
sur_ace gr - exactly four edges.
entity bounded i Eid
by edges. geEEEee iR ¥

Structured — . i Unstructured
Domains consist R S Domains generally
solely of ' : have one edge
quadrilateral (more if they the
elements. encompass holes).
Unstructured /
Domains consist Each edge contains
solely of triangular one or more
elements. connector(s).
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Blocks
S>> D> > > > > > Sdaen

A Block is a e e jad Unstructured
volume grid - T Blocks can consist
. T = pas
entity bounded T = e VR - of tetrahedral,
ganaghl W Y AR :
by faces. ;L,f_ziﬁ-;; ] "‘I“I‘J: e pyramldal, and/or
I AN TYA N A N ui Wil RN AR i i
A gggég;g;;gg‘s:ggﬁ?y prismatic elements.
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evusne a6 " L Blocks generally
gy aaes A NG h f
Structured Blocks  [ili/ifs iy S ave one face
i 1 Ly A AR R T .
consist solely of T T RS (more if they
AL - T - a NRAS
hexahedral elements. it w1 ¥ AR encompass holes).
T A BN ] CERR S
Dol e 5 AT
oS0 ==a M i DR SN R
Rijiie ""t A PR,
T 5 el .
Structured Blocks — I Each face contains
AR A DA A0
are bounded by R one or more
. - N\" Lt
exactly six faces. domain(s)
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Grids
S>> D> D> > > > > > > Srdaen

A Grid is composed of

7
WA ER
volume and/or surface O
_ TS T
grid blocks. IRE R
iy ¥ 4V e

Hybrid Grids (such as
that shown here)
contain both structured
and unstructured grid
elements (quads,
triangles, hexes, and
tets) and can also have
prismatic and pyramidal
elements.

Structured Grids contain
only quadrilateral and
hexahedral elements.
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Unstructured Grids
contain only triangular
and tetrahedral elements.
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Databases
S>> D> D> D> > D> >0

O In Gridgen, databases refer to collections of geometry information that
can be used to define the shape to which the grid is to be built and
typically come from computer aided design (CAD) software:

O Analytic — curve and surface information from a CAD file.

O Shell — discrete unstructured database surface entity, generally
imported from stereolithography (STL) formatted files.

O Network — bilinear (non-slope continuous) database surface entity,
generally imported from Plot3D formatted files.

O Of course, databases are not necessary to build grids with Gridgen, but
are often needed for importing complex geometries.

Gridgen Terminology
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Status

Tallies number of
grid entities

Message

Provides instructions and
prompts for text input

Text Input
Echoes data entered via
keyboard

The Gridgen Screen

Version
Lists Gridgen version number

15.08

_.n-m_
e
Display

y /
/74 Shows graphical

image of grid and
database

i

C|Doms O|Blks B|DB  F|

Blackboard S R ey
Displays context-sensitive
graphical and tabular data PeNTWISE'
(aka Diagnostic or Browser Command Menu
window) Lists Gridgen Commands

(aka Button Menu)

GUI Components”




The Mouse: Pan, Zoom, and Pick

Left Mouse Button: Pan

Press and hold the left mouse button to pan the model image
in the display window. While panning, the mouse cursor
changes to: &

Center Mouse Button: Zoom

Press and hold the center mouse button to change the
model image’s size, pushing the mouse away from you
zooms out while pulling it towards you zooms in. For mice
with a center wheel, the wheel can be rolled or held down
to control zoom. On two button mice, zooming is
accomplished by holding both buttons down. While
zooming, the mouse cursor changes to: Q

Right Mouse Button: Pick

Press and release the right mouse button to select
commands from the command menu or pick entities in the
display window or browser list. While picking, the mouse
cursor changes to: D

GUI Components



Some Mouse Options
> > > > > > > > > > > > idaen

You may wish to = Wliha— The functions of the left

Input/Output =—=DISPLAY COMMANDS
change some of th_e — =it Denia == and right mouse buttons
default mouse settings. Eomnectors En/Disable Dom | can be reversed, so that
These can be oona S 5“°“|;E3b1d05 ¢|EnbldDB 4| | |eft is for picking and right
] _ sbld Grid Entities 9 is f . Thi b
accessed by selecting, Analysis S/W [iCon GPs c|wNeds 1| / IS TOrPanning. 1nis canbe
- - Tutorials MCons __ 2|FDoms 3 done by selecting LeftPk.
the DISpIay or DlSp be;F-::ulfS MRotaxs a|OXYZAxs )(
submenu from Gl‘s\fh\h\u [Menu| O SmalTxt 7|&on Lefy/ 5
. ; LayerNdanager CQukMnu Aq|MWarp / w . .
G”dgen s MAIN Restar P\Gr i dgen [Whelw] A whiteBG k|MOrtnfml v When deallng with
MENU. Quit srid}e(. VueLims  1|Line¥id ~l smaller geometric
Cons C|Doms INBlks B'Hous|§;1|:; ﬂ: %Eﬁgl:;k n: entities, it may also be
| .
oEd L0 B A penoten.0 8|DBett ns|  desirable to reduce the
Ll dve 1 Spd e m .
. Sens i HRet >| 1 . mouse sensitivity in
Kybd| Sens - |Rst + — . .
Rest| dnp| QLau| Siar|ALL r panning, zooming, and
GetOri |19 |26 [#3 [#4 [#5 [#6 rotating the screen
PLL_'*';:iS 1='|02F’ e image. This can be
ightSrc ..
Photo |.bmp~| .ongn|.ps Al done by clicking on the
Zoom |In z|Outrz|UnddZ |[Ext U J button (more ClleS,
Done ent |Help : less sensitivity).

GUI Componen'_.t_s’:



Model Rotations
> 2> > > 2> > 2> > >

Y O Gridgen has two distinct
coordinate systems: screen
. | coordinates and body coordinates.

Cgeas O In addition to panning, zooming,

: and picking, the mouse buttons

_ et can also be used to rotate the

Lo S SR S © model screen image. This is done

mmﬁﬁffﬁfi ' ' by combining the left and center
mouse buttons with the Ctrl key:

TR :
RO
o Ctrl + left mouse button:
screen x and y rotations.

TIATAY
. 'f;%gg.a
O Ctrl + center mouse button:

screen z rotations.

Coordinates

Screen
Coordinates

Z > X
PiINTWIdE®
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Model Rotations (Continued)
> > > > > > > > > > > > idaen

O For more precise rotation control, the following numpad keys can be used:
O 7 rotates about the x screen axis.
O 8 rotates about the y screen axis.
O 9 rotates about the z screen axis.
O Num Lock rotates about the x body axis.
O / rotates about the y body axis.
O * rotates about the z body axis.
O Additional rotation features can be accessed with the following “hot keys”:

O Page Down used with any of the x-y-z body/screen keys results in a 90 deg.
rotation about the corresponding coordinate direction.

O Page Up used with any model manipulation, whether by mouse or keyboard,
provides 3x acceleration of the operation.

O + and — numpad keys reverse the direction of a keyboard model rotation.
O Alt used with a numpad model rotation gives a single increment (3 deg.) rotation.

GUI Componen'_.t_s’:



Commonly Used Hot Keys

HOT KEY FUNCTION

Enter Any menu button colar coded Blue
(Done, Save, Open, etc.)

Esc Any menu button color coded Red
(Quit, Do Not Save, Exit, etc.)

? Cnline Help

X Toggle pickable entities under cursor

r Reset image to original view

g Grab (save] 1st view orientation

G Grab (save} 2nd view orientation

P Put (restore} 1st view orientation

P Put (restore) 2nd view orientation

F5 Zoom-in

F6 Zoom-out

z Initiate Zoom-In box

rz Initiate Zoom-Out box

z Unda last zoom command

Ctrl-Pick Pick new rotation point

> > > > > > > > >

HOT KEY
PageDown

Alt

NumLock
Pad/
Pad *
Pad -
Pad 7
Pad 8
Pad 9
Pad 1

Pad 2

Pad 3
Shift-u
Shift-Pick

FUNCTION
90° rotations (used with rotation keys)

Single increment rotation
(used with rotation keys)

x body-axis rotation

y body-axis ratation

z body-axis rotation

Reverse direction of rotation
X screen-axis rotation

y screen-axis rotation

Z screen axis rotation

Restrict 3D cursor to x body-axis motion
{(u when database constrained)

Restrict 3D cursor to y body-axis motion
(v when database constrained)

Restrict 3D cursar to z body-axis motion
Zoom to screen extents

Display point position and delta

Note: Hot keys for Gridgen commands are shown as pink characters on the corresponding GUI buttons.

GUI Components”




File Browsing
> > > > > > > > > >

Selecting Input/Output from the MAIN MENU opens the

T INPUT/OUTPUT COMMANDS submenu from which (in this
Database £ example) the INPUT Gridgen FILE submenu has been
Connectd =— INPUT/OUTPUT MANDSE
Domaing | Gridgen |Impor1“1 Export 2 SeIeCted'
Blocks QuickImp . .
Analysid DaTabasc The Browser Window shows the appropriate contents of
;u;or 131 Grid Pts / the current working directory. The mouse can be used to
etaulTeExport Gl .
61¥Ph |eyoort An / scroll through and select from list.
EakEN H':Exporf Al I . . ”
Restart [, oy Se e(_:tlng Type In... Name allows you to
Quit GriIncorpora type in a filename for import or export,
Cons C|fBlock E11 . . . .
while Type in... Dir lets a new working
DF1t T|I1p )
Quit al{ o] directory to be set.
Dflt T|I/ . . . . . .
Quit @|Sa / Selecting Go to Dir... <drv> (/ in Unix) will provide
5cr0111N|P$|GQ|dg_|f/ == list of available drives to change to as current
Type In... |N Dir_d working directory, while Go to Dir... Orig changes
Go to Dir..7T |[<drv>=s|0rig h th k d t b kt th .. I d t
Bleplay ALl Fllse = e working directory back to the original directory
Open_ciwfHelp  7|Abort esc where Gridgen was opened.

Once file has been selected, Open is clicked.

GUI Componen'__t_s""



File Browsing (Continued)

S e e e 1o e e O Upon entering the Type in... Name mode, the text
enaTon e ey Hhe input window will echo the filename entered via
Elarg directory s: the keyboard. Once the name is entered, the
. Enter key on the keyboard or Open button in the

GUI must be clicked.
O The esc key can be used to exit from text input.

O No other commands or manipulations are
available while in this mode.

O Glyph expressions are valid.

ENTER EXPRESSION
Enter ent

Abort escl

GUI Components’



Gridgen File Names
> > > > > > > > > >

O Gridgen Restart Files (.gg) contain entire grid models from control point
definitions through boundary condition settings. They only reference
database information.

O Composite Database Files (.dba) store, in Gridgen’s native database
model format, data from all database sources, as well as database
entity display attributes and layer information.

GUI Components”
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Gridgen Help

O

EEX
'l;'

WERSIN

4. Importing and Exporting Files
Gridgen can import and export marry different types of files viathe INPUT/OUTPUT COMMARNDS menu. The file types include:

s Gridgen restart files

« Database files, for example native CAD files, IGES, and STL

« Orid point files, for example PLOT 3D, INASTRAN and WERMTL. 1.0

« Glyph initialization and journal files

o Analysis software grid and BC files for many popular CFD and FE A solvers
« FIELDVIEW structured boundary surface files

The INFUT/OUTPUT SOMMANDS menu is shown below.,

Cormectors
. == INPUT/OUTPUT C0‘1MAND5§|
B [ Gridgen [Import 1[Export 2|
. QuickImp
Blurks Database |Import 3
. [Grid Pts|Import 7|Export 8
Methods for Export Glyph Init File 0
fope Export Analysis BCs 5
Lo Export Analysis Grid [
Srmucared Export FY Bndry Surf Filens
e Incorporate Volume Grid A9
o Block E1l Solver Glyph  Al|
Wl.hadsﬁwﬂ fl
Deand Cons C|poms D[Blks BJDB  F
Df1t T|I/0 E|AS/W A|GlyphY
Fr) Quit @|Save S|DispralHelp 7
&) 4 My Computer

Gridgen Help /*

Gridgen’s html-based help can be
accessed from virtually any menu
within the program by either
mouse clicking on the Help button
or entering ? From the keyboard.

This help documentation is
equivalent to the User Manual and
automatically opens to the
pertinent section relating to the
operation or mode currently in use
within Gridgen. For example, the
window at the left opens when
help is called upon from the
opening 1/O menu.




Building 2D Structured Grids

Beginning with the airfoil database
geometry below, the hybrid grid shown at
the right will be constructed using
Gridgen, starting with the 2D structured
block at the top.

o )

Building 2D Structureq_,_..érids



The “Bottom-Up”"Gridgen Process

Select Analysis Software and Mesh Dimensionality

I

Import and Manipulate Database Geometry

J

Create Segments and Connectors

I

Dimension Connectors and Distribute Grid Points

I

Assemble Domains

I

Assemble Blocks

J

Setup CFD Analysis Boundaries

I

Export and Save Files

Building 2D Structured,Grids



Select Analysis Software
> > > > > > > > > > > > idaen

. . . . . MAIN MENU
The first step in any Gridgen projectiS  |mput/outeut =
. . e == ANALYSIS 5/W COMMANDS=—
the selection of the CFD analysis Conmoctors  Selegt Analysis S/W 1
. . . Domains j =——=G5ELECT ANALYSIS 5/W——
software and the dimensionality (2D vs. geman € ANW -
: lvsis S/ 4 2D <& 30 b
3D) of the mesh being constructed. T e
] _ /Defaul’r,e./ & ADPAC / Prev Page L|Mext Page R
In the MAIN MENU, Analysis S/W is Glyph’ setomjcs|crod O CFDSHEP-T01 O INCA V2
i i Layér Manager — < INCA V3
chosen to bring up the corresponding P Delc ONCC
<> NPARC
commands menu. W’/Qu” N =
. . . g Cons C|Doms D & CGNS-Unstr < OYERFLOW
Select Analysis S/W is then clicked, which |pfit tj10 E[F ./ /o oensFy  OPHOENICS
brings up the fairly lengthy list of supported it 2isave s E:Z: D{ms D%gggmnem
CFD paCkageS Dfl‘l‘/T I1/0 FE < CRUNCH < Splitflow
d'-U'A Q & DTNS > STAR-CCHM+
. . . ¢ STAR-CD
For this example, 2D and the default generic solver will WOTAEW
be selected via mouse clicks. Once these selections are OFANS 31;3;““
made, the Next Page button is clicked to bring up the L UeNT e~ O TETREX
second half of the supported software list so the Done LUENT  OVSAERO
. . & GUST < VSAEROhvbrid
button at the end of the list can be selected to confirm O WIND
the choices. © WIND-US
Done en1‘|

Building 2D Structureq__..érids



Set Defaults
> > > > > > > > > > > > Grdaen

MAIN MENU!
Although not essential, setting default Hr— i A
values for some items, such as somirs | B e
connector dimension, can save time EES— (5T M
during the mesh construction process. ‘Ejhl; - By 0;52550%8
In the MAIN MENU, Defaults is chosen to — / ggw:;gigigoﬁi‘*ggg e
bring up the defaults menu. Note: Another Cons ©lbons Dlfiks| G4ickSave: auicksove 9
ELRTHI 0N S SET DEFAULT VALUES=——

OSurf ¢ Enter the average As value

- to be used to calculate

Con D|s+|Bgn As Al |El the dimengion of all
®Tanh h subsequent connectors.

way to bring up the defaults menu is to select auit [Sove SfDis0 oo simen | e
the DIt quick key. s

The blackboard window shows the current default [Boker TFloLaPL 1
settings, e.g., the default connector dimension (Conn (Forar crlotede a1 | " Borhey e
Dimens) is 0. This can be changed by selecting the Ui ey e, A
1 MinEdg 7|H|| Bckgr ConFun: Thom & Mid
appropriate button below. o ol (g o, BTicerelel
[UnstrBlk |Maxtem A2 5| LS Egg; frgﬂasd”’

Max Ang

Decuﬁ :5. OOOOE 001
UBlk Max Mem: &4 mBytes

SlzeFuc §.0000E-001
AR 5 OOOOE 001

MinPyr A4 |M
Pyr AR A6
Split hngleﬂleoin Pyr
[DB Coord [ IJ  Aild GOl

This activates the text input window. For the present

example, type in 36 and then hit Enter to store it. rene Fiiename | 22in_An D,sélaﬁ
. . Toleraﬁtec\ QuickSave: quicksave.gg
The blackboaro_l v_vmdow _W|II show the new value. T rra——
Click Done to finish setting defaults. — Erter
Abort

Building 2D Structureq_..érids



Import Database Geometry
> > > > > > > > > > >

MAIN MENU
Input/Qutput ¢ Next, the database file containing the airfoil
Connectors c geometry W|” be |mp0rted
Domai —
§;:;;:ﬁ?”"”‘5?§322ﬂ‘“= In the MAIN MENU, Database is chosen to bring up
Egz:” L gi‘;{: the corresponding commands menu. Note: As an
oo Intercast —olEantics Eo% alternative, the f hot key on the keyboard could be
Layer = |reext.dba used.
o ~ |
e Import is then selected to bring up the
Eﬁ%ﬁm INPUT DATABASE FILE submenu.
Quit %

Quit ¢ The browser window shows the available database
(.dba) files in the current working directory. The desired
file can then be picked with the mouse (changing the

——INPUT DATABASE PIE—— name from pink to black in color). Click on Open to
Serolt| | LA LAl T read the file into Gridgen and then Done in the

Go to Dir 7. |<drv>s[Orig h DATABASE COMMANDS menu to return to the MAIN
g;:::lmtlzl les?|Ab0r1' esz MENU

Building 2D Structureo!,.Grids



Create Connectors
S>> D> D> > > > > > > Srdaen

= MhIN oW It's now possible to start building the connectors that will
npu LIT L 1= . . .
Database f make up the edges of the grid. The first connector will
— - match the upper contour of the airfoil.
Blocks b
Analysis $/W a In the MAIN MENU, Connectors is chosen to bring up
Tutorials CONNECTOR COMMANDS=—— .
Defaults Croate S — the corresponding commands menu.
Glyph Copy Delete \ .
:Wf:f sz—|Periodic Trans _a|Rotate 1 Since there are no connectors yet, only the Create
eSTAr . . .
S %dk command is available in the CONNECTOR
15 dals mmdregen .
—— COMMANDS menu. Select this to open the Create
Df1t T|I/Examine | Connector submenu
Quit @|Sa Group |Detine |Unde-F |
:e“’e — +: There are three ways to build a connector:
=T T individual curve segments can be created and
DLt T|r/0 elism slmwnyl __ linked together, two endpoints can be chosen to
A R ad Segment . form a connector between them, or a connector
gnpg;“;nf?:?::*m g can be laid down upon a database entity. This
Done Creating Conns esc last Option will be pICked here.
Display Commands Ady
Help ?

Building 2D Structureo!_..Grids



Create Connectors

»)))9& '

The blackboard window -
shows the available
database entities. The

mouse can be used to pick
entities from this list or
directly from the display
window. Once selected, the
table entry and the connector
in the display change from
pink to black in color.

Clicking on Done completes
the process. Because the default
dimension has been set, the new
connector appears in pale green
(if undimensioned, it would have
been bright green).

PiRINTWIME®
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Create Connectors

»)))icﬁﬂﬂﬁ '

The remaining connectors
needed to form the edges of
the mesh will be created with
the 2 Point Connectors
option. Each CP can be

selected from the display via As this is the desired starting point
the mouse or entered via the of the last connector, it will be

keyboard. For each new selected via by Picking.
connector, Gridgen initially

positions the display cursor at
the last endpoint of the
previously defined connector.
Here, all but the last connector
have been defined, and the
display cursor is positioned at
that connector’s trailing
endpoint.

<

-1,0,0 ' 2,0,0

The trailing endpoint for this last connector is
also the leading edge endpoint for the

connector applied to the airfoil’'s upper surface.

It can be selected by repositioning the display
cursor and using by Picking or by entering its
coordinates via Keyboard. Again, clicking

Done finishes the ]Ob PHINTWISE"

Building 2D Structured,Grids



Create Connectors

> > > > >

With the last connector
completed, click on Done
Creating Conns in the CREATE
CONNECTOR menu (or just hit
the corresponding hot key, esc).
Next, to see the grid point
distribution, toggle Con GPs in
the display menu (or hit the hot
key combination "a c). As
shown, it’s clear that there are
far more grid points along the
bottom edge than the top (since
there are three connectors below R e
to the one above, but each with
the same default dimension).
This has to be corrected before
the domain can be built.

Building 2D Structureo!_,.Grids



(Re)Dimension Connectors
> > > > > > > > > >

=—CONNECTOR COMMANDS=——
In the CONNECTOR \::- carte e
COMMANDS menu, select oo L

. . . . . eriodic Trans\ O rideen 1505 |
Redimension Grids. This will AU

allow the top connector to be  Seiyés Vals *|ETI\IM. Tl
picked in the display window

Redimension Grids defauly velue Ts 3

. . Exdamine Systen Redimenaloning:
via the mouse, and its new Broup |Definena| * ' <
dimension to be entered via Herge ERTIRISE NN < v e 'z oreeratonctty

the keyboard. In this case, 106 2one

: : : : Cong C|Doms D=1k
is that new dimension (while 557 +16 &

S

eaCh Of the three bOttom Quit alSave SDISD‘::: : e AR T R e e e :

connectors has 36 grid points,
the center one shares one of
its endpoints with each of its
neighbors reducing the total
for the edge by 2). Once Enter Y
has been picked, Done-Apply Reset to Badanced Sys

New Dims is clicked to finish. e
Abort-Use Orig. Dims esc
Help 7

Building 2D Structureo!,Grids



(Re)Distribute Connectors
»)»»»»

CONNECTOR COMMANDS=——

It's also possible to alter  creste

Copy < 0 Blo _k 0 Domains
the dlstrlbutlon Of grld TI’GI'I ZEDBS fgener?cN::lD / Under CONNECTOR
points along connectors.

COMMANDS, pick Set

Set sc Vals 4+ S As Val
This will be discussed in ~ Fetmensien el ———-r—r] S vais.
more detail later. Corow Joefi] Select subconnector(s) for
— which the distribution is to be
As=0 Cons C|Doms D reset.
T Dflt T|I/0 E|
."--‘._,“_H_‘ S ——— L0 _IScwe 8 —SELECT SUBCONNECTORS=—— -
AS=001 T e
Connector Segments: 1 <o2=_n Box on RoxSviedt

H 1| ¢ lst|$ last
Connector Bimensions: 30 |2 2 e

Set to|O off[0 o ® fog|

;WThen Select Done.
Jone 7[abort esc|

>The new As value
can then be
entered and applied.

R EXPRESSION=——
Enter ent

PRINTWIME"

Abort esc|

Building 2D Structureo!,.Grids



Assemble Domains

> > > > > > > > > > > > _Gridsen

All is now ready to
assemble the connectors
Into the four edges that
will bound the domain of
the mesh.

In the MAIN MENU, pick
Domains to switch to that
menu.

Next, select the Create
command to begin building the
new domain.

CREATE DOMAIN

Kﬁver Manager

List By p€s]|

< uns:

=——MAIN MENU=—~——
Input /Output e
Database -
C DOMAIN COMMANDS
onnectors
Domains ALreate n|Modi fy
Blocks Copy [
analysis 8/W Perjodic |1 1 Cell Type |#®structured
Tuforlgrfs
Breal
Defdﬂf’rs
61¢ph Run Soluer//hssemble Edges

DB Entities

Be sure that structured cell type is
chosen, then pick Assemble Edges.

A domain schematic will appear, as will several choices. Ensure that%

LT A GridgeRedimenslgn,E{ Auto Join e|Set
Quit Gridgen Emmiyé | Auto Mergeo|Set
Cons C|Doms D Gyé-/up/ |De'Fil Con 5plit Set
bflt T|I/0 E Extrude |Fro
Quit Q|Save 5|DoN Fro
6ns C|Doms D/ :

Dflt TlI/0 E' Triangulate Str

auit alsave 5|In|1'|-::1|ze
'Best Fit |a1 ¥

Auto Next Edge is off, and Auto Complete is on.

Domain

0
Defining the First Edge

Abort - Done Crﬁ%

=——=CREATE A DOMAIN=S———

Display Commqnﬁs

[]aAuto Next Edge

Help / 2

M Auto Complete

Merge Entities 2|
Done ent
Help ?

Building 2D Structureo!_..Grids



Assemble Domains

The first edge will consist of the
three bottom connectors. The
mouse is used to select these
in turn from left to right — the
picture here shows the scene
after the first two have been
picked with the mouse cursor
poised to select the third. Once
this connector has been added,
Next Edge is selected to tell
Gridgen the edge is complete.
The mouse is then used to
select the connector on the
right side of the domain to be.
When Next Edge is again
selected after that, the domain
will auto complete itself.

m‘m 15.06

0 Blocks, 0 Domains

6 Connectors, 6 Nodes
DBs, generlc 2D

CREATE A DOMAIN:

Continue tracing the loop
of connectors by plckll‘l?
connectors adjacent to_ the
hlghllghfed (open circle)
node .

9.

Domain
1

71
Defining the First Edge

Connector # : 2
Dimensions : 36

CREATE A DOMAIN

[JAuto Next Edge a

MAuto Complete I3

Previous Edge

Next Edge n

Erase Last Connector del

Restart Domain 0

Merge Entities 2

Save Domain

Abort esc

Help ?

PRINTWIME®

Building 2D Structureo!,Grids



ASssemble Domains

»)))9& )

Gridoen 156.06

This is the domain that e

results. Note that the mesh | Sty i

in the vicinity of the leading [ R I
edge of the airfoil is a bit ] | HioE
rough looking. This can be ° ° |
corrected with a little

smoothing done with

Gridgen’s structured solver. Tt

Merge Entities 2|
enfl

To get back to the DOMAIN P .
COMMANDS menu to do this,
select Done.

PiHINTWIME®
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The Structured Solver
S>> D> D> D> > D> >0

. DOMAIN COMMANDS
To run the solver, first choose Run Create 1 stndrd b= TaM £=1234

Solver Structured from the % E11ip+fc Solver - (PAUSE)
DOMAIN COMMANDS menu. BR Iteration # 0

Br

Run Solver
[JList By B

Redimensio

Examine

The domain is next picked — in
this case by highlighting the entry
in the browser window. Once

. SELECT DOMAIN s
Done is selected, the parameters  suit @|save\ Serol1 || L | /| | ==RUN STRUCTURED SOL| E1liptic Solver - (PAUSE)
for the elliptic solver can be \;;'; Al alfonefiinitialize via TEL | Iteration # 0
%‘
selected. Potls 1ot O lagim o SN
Sat to|< off | Aor W
SohtBy | num2|O TFI: J/G/'R—
& BGFS OFG-F:PrOJec id to DB
Pick by Expression Solver Attribs
In this instance, the Run N Iterations fone e“*'“el“/?"‘g‘g;‘c‘_:emmine —
button is selected, and 10 is entered via \[ocus INext  n|Pre
the keyboard. Clicking Enter will then °°"e\'9%\
Abort - Don't § =——==FNTER EXPRESSION=—=>«
start the solver. Heg; N — —
Abort esc|

Building 2D Structureo!_,.Grids



The Structured Solver (Continued)

2 > > > o e

The mesh lines will shift

as the solver runs, ending

with the smoothed mesh
as shown here.

Done — Save is selected to
save the changes.

\

m‘m_ 15.06
0 Blocks, 1 Domdins
6 Connectors, & Nodes
DBs, generic 2D

tic soluer, apply
modi fy the solver

Elliptic Solver - (PAUSE)
Iteration # 10

Total Residual :1.864E-002
4 Max Residual:1.839E-003

==RUN STRUCTURED SOLVER=—

Ty
T

I L

T
1
L N

Initialize via TFI t

Elliptic Slvr|Run ]
Run 1 Iter 1
Run N Iters n

Prodect Grid to DB |

Set ehlver Attribs f\sl
Exuminé\ Ax
[ Show Examine Data )
Focus xt |Prev
Done - Save enfl
Abort - Don’t Save escl
Help 7]

PiRINTWIME®
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Assemble Blocks

> > > > > > > > > > O

The grid block is next assembled
from the domain, in much the
same way as a domain is
assembled from its connector
edges.

From the MAIN MENU, Blocks is
selected.

Create is then selected from the BLOC
COMMANDS menu.

This opens the CREATE BLOCK submenu. Ensure the
structured cell type is toggled before clicking on

Assemble Faces.

The next step is to pick Add 1st Face to begin forming

the block.

2

MAIN MENU

Input /Output =
Database —RBLOCK COMMANDS
Connectors Create n|Hodify
Domains /CODV Delete
Blocks / Run Solver _|otrictired o
ﬁheis s CREATE BLOCK
Tutorialy” Redimension ce1l Type | ® structured
Defaulyé < ufistructured

Examine 0 faces in block
ﬁ;‘f};{( romer—|En/Disable Assemble Facys

¥trude
Restart Gridgen En_e
- - Done 1

Quit Gridgen Abbrt Done C

Cons C|Doms / L£
Cons C|Doms D|Bl Displdy Comman

Dflt T|I/O ﬂelp(
Ofit T|1/0 E|AS Quit 9|Save VeV A T

uit @|Save S|Disprajneip

=CREATE A STRUCTURED BLOCK=

/

rAdd 1st Face a

Create Domain

ad|

Remove a Face
Examine Faces
Abort-Don't Save Blocks esc
Help

Building 2D Structureo!,Grids



Assemble Blocks (Continued)

2> 2> 2> > > > > > >0

The face is selected by
mouse clicking on its

¥ Gridgen

shri=is
0 Blocks, 1

_Gridaen 15.06

0 Blocks, 1 Domains
& Connectors, & Nodes
4 DBs, generic 2D

S Connectors |
2\DBs, geng

Image in the display
window. Since this is a

ie
36

2D block, once the Save
the Face button is
pressed, the block is
complete.

1+t t 1 ?
jj 1l 36 71 106

—\—ASSEMBLE 1ST FACE

Pixk |Multiple Doms

=CREATE A STRUC

Create Domain

Remove a Face

1]
All Domains 1
Ad jocent Doms J
MDomain Once 1

Examine Faces

EraseDom [NIPikd 9|Last del

Tt

Press Done — Save
Blocks to finish this \

step.

SN
il
I

ReSpecify §, Merge Enfikgs 2| HH
me Save the Face enfl | i i i
Done-Save Blocksl autoSave (€ 0FF o
Abort-Don’t Save] MIM
Help Abort esc
Help ?

PiRINTWIME®

panTwISE: |
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Set Analysis Boundaries

> > > > > > > > >

The final step in generating the
mesh is setting up the boundar
for the CFD software.

Analysis S5/W »5et BC=
/////////////’////'Tuforiqls
Defaults
From the MAIN MENU,

the Analysis S/W
submenu is selected.

Set BCs is then picked.

MAIN MENU

ies Input /Output

Database

Connectors

L=

Domains
Blocks

== ANALYSIS 5/W COMMANDS=—

Select

Analysis 5/W

Glyph

Set Vs

Examine

1
4
0
=]

quet/ﬁanqger
R;sfﬁrf Gr i dgen

CustomBCs|Create c|liodity

Delete Del All

Quit Gridgen
Cons C|Doms D|Blks

Dflt T|If0 E|AS/W
Quit Q|Save S|Disph

busfomVCsEreufe 6|Hodify

COMirror Blks for Export b

Delete Del All

Export

Analysis BCs

2

Building 2D Structureo!_,.Grids

Export

Analy=sis Grid

3

Export FY¥ Bndry Surf File 5

Done

ent

Cons C

Doms D|Blk=s B

DB F

Dflt T

I/0 E|AS/W A

GlyphY

Quit @

Save S|Dispaa

Help ¥




Set Analysis Boundaries (Continued)
b))»»»)

The individual connectors e ———

1 Blocks, 1 Domains
[ Connecfnrs 6 Nodes

that will make up each B2 geher "%
boundary can then be
highlighted by mouse in the
display window. Once all of Lo 3
the desired connectors that v s A
will make a boundary are
selected, Done is picked to
bring up a second menu to s

) SELECT CONNECTORS FOR BC=
specify the boundary type to |2 e
age | in Box|on Box|ByText

be assigned to that collection. |[hetle ist/o e

S to|¢ off|& non|4 tog

In this case, the inlet to the S?S.I“:y‘zl:.?:“;;if:la
ﬂOWerId IS belng generic |BCs - .

Create Custom B
Selected- The Other No Boundary Condkfion

Solid Surface \

boundaries are Symnetry

Farfield *

specified in the Inflow

Outflow
same manner. —
eneric #1
Generic #2
Generic #3
Abor t es
Help

T
T
aw Ll

PiRINTWIME®

=) |0 (0[50 |~ |On [Ch (4 (L) (N =S | O
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Export and Save Files
> > > > > > > > > >

e I toutput
boundary conditions e r— -
==TNPUT FOUTPUT COMMANDS=—
are now ready to b_e EEE:?;?/S (Gridgen |Imp0|:l:!m/1JExpor+ 2
exported for use with HEetn Qui kTP
. Database [Import 3|0
Defaul ts port Glyph Init Fi
From the MAIN MENU, EITPE ~Export Analysis BCs
Input/Output is selected. Layer Mafiager— v Export analysis Grid)
Resfart Gridgen Export FVY Bndry Surf
mm on Incorporate Yolume G
2 Block ELL Solver Gly
From here, the individual [c20s =9 2828 pone y
' BTks
files can be exported. Quit a|save S|DisprCons C|Doms ks B
DFlt T E|AS/W A
Quit @ |Save S|Dispad
==0QUTPUT Gridagen FILE=—
The window for writing the files is basically Scroll W || v A|AIT
identical to that used to input the database e T T P
files at the beginning of the grid generation Display All Files a
process. Open [Help 7| Abort esc

Building 2D Structureo!,Grids



Building 2D Unstructured Grids

It's now time to build the unstructured Ea -
block around the lower half of the airfoil. BSeusasczszas
( I ——— > | . l%:::[ H ?E_?__::E :Eg;:l

The first few steps (selecting the analysis
software, setting defaults — in this case
the connector dimension, and importing
the database geometry) are the same as
before. To save some time, it will be
assumed that these have already been
performed.

Building 2D Unstructurg.diGrids



The “Bottom-Up”"Gridgen Process

Select Analysis Software and Mesh Dimensionality

I

Import and Manipulate Database Geometry

J

Create Segments and Connectors

I

Dimension Connectors and Distribute Grid Points

I

Assemble Domains

I

Assemble Blocks

J

Setup CFD Analysis Boundaries

I

Export and Save Files

Building 2D Unstructur_edGrids



Create Connectors
D> D> DD D> DD

=———MAIN HENI—— Everything is thus set to start building the connectors that
Input /Output
will make up the grid’s edges.

Database
Connectors
Domains
Blocks
Analysis S5/W a . )
Tutor ials§ ——CONNECTOR COMMANDS—— In the MAIN MENU, Connectors is chosen to bring up

Defaults |Create n|§gadify .
Glyph | .. T~ the corresponding commands menu.

Layer HGHWEEFTEETETTrans Rotate
Restart G Break
Quit Gridsct As Vals +|&ImndRegen Select Create to open the Create Connector submenu

Cons C|DoRedimension Grids
DF1t T|I/Excamine

|
Quit Q|Sd™group |0 ine |Undef |
Merge Entities | As the first connector will be laid down on the

e — en:: airfoil database geometry, pick On DB Entities.

DF1t T[I/0 Flagsan almtvnhv]

O |0 (-h|d

Quit ©|:|=——=CREATE CONNECTOR
Add Seagment n
2 Point Connectors 2
On DB Entities 3
Done Creating Conns esc
Display Commands Ady
Help ?

Building 2D Unstructurgd;Grids



Create Connectors

»)))igﬂﬂﬁ '

As seen previously, the
airfoil is composed of two
database entities, one for the
upper surface and one for
the lower. The mouse can be
used to pick the curve for the
lower surface from the list in
the blackboard window or
directly from the display —
window. Note that placing ek [nis e tos 2

Page | in Box|on Box|ByText

the mouse cursor over either Doot|e 1st[o last

Set to|O off|O fon|® tog|

the entry in the table or the e tee g e o maleet
entlty In t-he dlsplay h-lghllghts ggnzlcetlfnl:se';.p ?|Abor+eslc(
both to aid the selection

process.

M=

D Blocks 0 Domulns

1 conic GG-conic-1
2 conic GG-coni*1-copyl

Clicking on Done completes
the process. PRINTWINE®

Building 2D Unstructurgd;Grids



Create Connectors

As before, the 2 Point
Connectors option is used to
create the remaining
connectors. Since Gridgen
initially positions the display
cursor at the last endpoint of
the previously defined
connector, it's possible to
quickly box in the airfoil from
below. Here, the cursor is
positioned back at the leading
edge of the airfoil, ready to
pick the final endpoint of the
last connector needed to
complete the circuit.

m’m 15.06
0 Blocks, 0 Domains
§ Connectors, & Nodes
DBs, generic 3D

ADD POINT:
Enter more points (at
least 2 are required).

Connector Segments: 1
Connector Dimensions: 0

Distance To Last Point:
D = 1.000756E+000

2 POINT LINE

Jat + ﬁ
by Pickin: pacdQ

via Keybrd pad.
Axyz via Keybrdo
acp via Keybrdro
by Linear Proj «
at Clsest DB Pt)
|Erase Last Point del
Edit Existing Curve q

Add CP

Smooth Control Points s
Movement Restrictions m
Sensit |Decr ¢|Reset|Incr
Move + to Screen Center c
Move Rotation Pt. To + 1
Abort esc
Display Commands Ag
Help 7

-1,-1,0

With the cursor in position, the last
connector can be completed by
Picking.

2,0,0

2,-1,0

PRINTWINE®

Building 2D Unstructurgd:Grids



Create Connectors

S S SeInigss

With the last connector completed, click
on Done Creating Conns in the
CREATE CONNECTOR menu (or just
hit the hot key, esc). Unlike a structured
domain, the unstructured one being built
inside these connectors will not require
balanced numbers of grid points on
opposite edges (indeed there will be only
one edge that surrounds the entire
domain). However, to promote a uniform
cell density, it will still be desirable to
redimension that long connector at the
bottom to have roughly as many grid
points as the three connectors on the
other side have combined. Since the
steps to do this are the same as
previously shown, just the final result is
displayed here.

Building 2D Unstructurgd;Grids



Assemble Domains
S>> D> > > > > > Sdaen

Everything is now ready to ———— AN MENU——
I t/Output
assemble the connectors that — DOMAIN COMMANDS
I : Connectors Create M
will bound the mesh domain. fonaie " CREATE BOMATH
. Blocks YRRy Cell Type |&structured
In the MAIN MENU, p|C ?Q’r{?is S/W Ferlodic | >|§uns1'ruc1'ured
Domains to switch to that — Run Seiver | Assemble Edge
menu. Glyph /
Layer Manager Redi G
Next, select the Create Restart Grjdge od mension “I'
command to begin building the Quit Gridgen
new domain Cop€ C[poms _p|_BrouP [ Extrude
: BfF1t T|I/0 E|Done o
////Quif alSave S ,peflnlng the Outer Edge

Be sure that unstructured cell Cons ClDoms Dl 7 angutate
Dfl1t T|If0 E

. . A
type is chosen, then pick Assemble Edges. 55 Gisave 5o

As an unstructured domain can have any number of <§:\ Done
edges, the blackboard window now just shows which edge ay _Comme CREATE A DOMAIN
: \E’Aufo Save

Is currently being formed. Make sure Auto Complete and okt Save__
Auto Save are turned on. As each connector is added, the latter will SHEC SSMPSTS £

: ) Merge Entities 2|
check whether the loop has been closed and will automatically save — —

and initialize the domain when it is. Help 7

Building 2D Unstructurgd:Grids



Assembple Domains

The next step is to select S en teios

the first connector (the et TR
bottom one is being picked  |ZERE
here) to be added to the

edge. Since there is only
one possible loop, Auto N
Complete steps in to close |z w
it, where upon Auto Save

CREATE A DOMAIN

saves and initializes it. This |guese =
is the domain that results.  [== ), -

To get back to the DOMAIN
COMMANDS menu, select
Done. From there, Done can
be selected again to return to
the MAIN MENU.

-n




Assemble Blocks

> > > > > > > > > > O

The grid block is next assembled
from the domain, following the
same basic procedure as for
structured blocks.

From the MAIN MENU, Blocks is
selected.

Create is then selected from the
BLOCK COMMANDS menu.

MAIN MENU
Input /Output =
Database BLOCK COMMANDS
Connectors reate n|Hodify
Domains COpV Delete
Blocks / Run Solver . |8+ rimtiirad |
z:nlqusis S CREATE BLOCK
Tutor ialg’ Redimension 4_c1l Type | ¢ structured
# unstructured

Defaulfs Excamine 7 |
GLlypH : Assemble Fagé 2

En/Disable / Block 1 :
La¢er Manager gx'l'rudg,/ :
Restart Gridgen Group |Dct

: : Done

Buit Gridgen Abbort £ Done (

Cons C|Doms diSHI&V Comnar
Cons C|Doms D|Bl DF1t T|1/0 =
BT i = Quit Q|Save S YTSRP A | NCLR
Quit &|Save 5|(Di

Spra|neip %

This opens the CREATE BLOCK submenu. Ensure the
unstructured cell type is toggled before clicking on

Assemble Faces.

:CREATE AN UNSTRUCTRD BLOCK-=

Add 1st Face =]

The next step is to pick Add 1st Face to begin ——

forming the block.

Create Domain ﬂdl

Remove a Face

Abort-Don’t Save Blocks esc

Help ?

Building 2D Unstructurgd;Grids



Assemble Blocks (Continued)
> > > > > > > > > >

The face is selected by - BE

mouse clicking on its SeEieete bl
Image in the display

ASSEMELE 15T FACE OF THE ELOCK
Ufe the cursor to add a demain to the
face or choose from the menu options

window. Since this is a —
ASSEMBLE 1STNCACH
. Use the cursor

foce or chooss
below. (use x &

1 domains in uns. face

2D block, once the Save
the Face button is
pressed, the block is
complete.

Block 1

ASSEMBLE 1ST FACE

Press Done — Save
Blocks to finish this AT A\ e pos

Create Doma Adjacent Doms J :I:‘,
Step Remove a Fa MNonMnfld Cnnct 1 Sk
" Reorient Fa Join Ang = Any e e

ReName Erusehom |E|P|kd 9|Lasf del i : £ & ;?L.

. Done-Save BlMerge Butities 2 ; Hhaiied & L

JECERERC e AR 1 i Tn ey 25

From here, setting the dbort-po ¢ |S2ve heWatfloFece b dae
ave the Face en e N 5 . it
A
5 i fok

,,
i
i
2
A

R
.
£

il

boundary conditions and | [ ..
exporting the files for the i —
CFD solver follow the

same path as shown for
the 2D structured grid, so

will not be repeated. PomTYISE"

PiRINTWIME®

mifa
rnn

o
sy
e
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Set Analysis Boundaries
P))»»»»)—

Setting boundary

conditions for an o .
unstructured mesh is the  |EEaraeil
same as doing so for a e DIl
structured one, but there
are some differences in
how the boundary faces
are displayed in the

crolh] L/ | = N\ B | | i
browser. A e
Pafe |f| Box|on Box|ByText
get 1st| ¢ last
Sft tofO off[O Aon|e tog
Block Number AT —
Don‘ enleelp ?|Abor+ e8C
Coordinate Direction (Structured)
Face Number (Unstructured)
Connector Number
Boundary Condition
(Type 1... are block
interface connections) PHNTIISE"

Building 2D UnstructurngGrids



GridgenTraining
> > > > > > > > > >

O In this session:
O Gridgen Terminology.
O GUI Components.
o Gridgen Help.
O Building 2D Structured Grids.
Q
Q

Building 2D Unstructured Grids.
Tutorial: “2D Bump: Basic Skills.”

Review



GridgenTraining
> > > > > > > > > >

O In this session:
O Building 3D Structured Grids.
O (Re)Dimensioning and (Re)Distributing Structured Grids.
O Tutorial: “Swept Ramp: Basic Multi Block Structured Grid.”

Overview /.



Building 3D Structured Grids
> > > > > > > > > > > > _fidaen

Beginning with the 2D airfoil mesh below, the 3D hybrid grid
shown at the right will be constructed, starting with the 3D
structured block at the top.

ey s
S

I
jl__ :: 128 ‘ :;: :é:-g;zz
g i L
e . S o ; . ,-E: :? R

Building 3D Structured Grids




The “Bottom-Up”"Gridgen Process

Select Analysis Software and Mesh Dimensionality

I

Import and Manipulate Database Geometry

J

Create Segments and Connectors

I

Dimension Connectors and Distribute Grid Points

I

Assemble Domains

I

Assemble Blocks

J

Setup CFD Analysis Boundaries

I

Export and Save Files

Building 3D Structured,Grids



Analysis S/W and Default Settings
> > > > > > > > > >

. Conn HimeBs : 36/
Before proceeding, toggle Hak ang: /3
. End 48 / _ nsa
the 3D and generic solver sekorPiSE I Ty
. DBon Min g RroncBary”
buttons in SELECT g: from Bdry
ANALYSIS S/W - OB 01
“an UBlk Max Mem: 64 mBytes
izeFac:5. 0000E-001
/Pyr AR :5,0000E-001
e ingle 21t
DB, Display: UV
ESELEcyANALYSIyS/wE adickSave: quiclsuve.gg
Prev Poeb Neyt Page R =—SET DEFAULT VALUES——
ﬂv a|# 30 b J/Con Dim JOdimen O ava As
$®generic 0| Max Ang |Max Dewv
& ADPAC 1 OSurf ¢
O CFDSHIP - TOWA 2 [conist |Ban s Al|End as 1
& CFD+H 3 / €Tanh h|CHRAS m
& CFX-4 4 ckgr CF |[OLaP1l 1
OCFX-5 5 T8 2|CFixd 3|
£ CGNS-5truct & |Forgr CF |ONone 4
O CGNS-Unstr 7 < Srns 5|4 Hlgn 6
$ CNSFY 8 |Uns1‘rDom |IZIn1'P1' s|Decay v
O COBALT 9 MinEdg 7|MaxEdg B
< COMO AQ Maxing 9 |MaxDewv A1
& CRUNCH Al [UnstrBlk |Maxten A2|SizFac A7
oms = and be sure that the default MinPyr 4]HaxPyr 5
OEXODUS II A3 . . Pyr AR A6
< FALCON Ad Connector dlmenSIOn (Con n Split Angleﬂs|Join Angle |
& FANS AS . . . [DB Coord|©IJ Ai|euv Ay
O FDNS/UNIC A6 D|mens) IS Set to 36 N SET QuickSave Filename Af
& FLUENT wd A7 Tolerances t
& FLUENT Ag DB Pick Mask k
<& GUST AQ DEFAULT VALUES. Dore ent
Help ?

Building 3D Structureo!,Grids



Copying Domains
> > > > > > > > > > > > Stldeen

Before the block

DOMAIN COMMANDS
an option from the
clow.

Select

0 Blocks, 2 Domdins
10 Connectors, 8 Modes
DBs, generic 3D

can be formed,  meniitens

the remaining
domains that
make up its faces
must be created.
First, the existing
domains will be

(2/2 items sel

TRANSLATE .
Pick a handle point to
control translation or
select from the options
below.

COPY DOMAINS

Pick the domai
copied (use x
through multip

. 2¢ §879)
COpled. DOMAIN TRANSLATE
Create I Enter Handle via Keybrdpad.
Copy C |Enter Transl. Offset =
Abort - Don’t Translate esc
Help ?
Run Solver
Copy is picked DEistevec:
. Redimension G
in the DOMAIN ——
COMMANDS b COPYING [f
Done Scroll
menu. Cons C|Doms [ Pigb All a|N
. . Dflt T|I/Q age | in Box|d
Pick All is then Quit o8ave | Boet|e i1st

selected in the Copying

DOMAINS sub-menu and

then Done.

Set to|O off

SortBy | @ num2

O dim5
ick by Express

3
4
3
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;
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X

Next, the handle point is
selected by mouse clicking on the
upper left corner of the structured domain.

-

Done enleelp
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Copying Domains (Continued)
> > > > > > > > > > >

T T m\m +l1e hund!.e |I;I‘|‘wa‘h
: e mouse, or select from
ST e point witn | After the handle pOInt Is set, Enter Transl. the options below. (Solid
me mou#se olg ?e ecf(gr?md . . . mﬁmis initial handle
sanare 1 inivian nandie | Offset is picked to define where the copy of
1 1 C Posi :
the domains will be placed. 7952 P8 bb0a0se 001
o2 28°5b0000e -001 ¥= 19
X = - . = 'Il
= 1.000000E+000 Translati (
Tr gl 00880400 g
r:n; 00588000025000 % = % "'Iooo gngceogﬁygf the options
y = §:000000E4000 In the present example, the = 1.000000E below 13 cdit the Selecred
D = 0.000000E+000 . P onains.
offset will be one unit in the z
. . . # of Copied Doms: 2
direction, so 0 0 1 is typed.
Enter is then picked.
ENTER TRANSLZTION OFFSET: m"‘:‘"i—:?;_
TRANSLATE# nrer =] and z = andle n
Repick Hondle Pojdt it °%ff?3?) Set andmbv Picking pc
Set Handle by Ficking %
Cross Positio SayE-viaiheyol
e el § 3 iaiiie e - i e v Ko
e IR Done — Translate is e
- ranslation set: at Clsest DB F
By Linear B "= 0. ShoouicTodo next selected and then citer Vigas ot
at Clsest D Y 3 000000E+000 COPY DOMAINS
Enter Transl. Offset D = 0.000000E+000 Save Doma| ns Original tion Translate  t|Rotate Ao
Original Location " Movement Reshgictions Scale As|Stretch s
Movement Restrictions Sensit |Decr tl|Incrmirror am|Project
Sensit |Decr <|Reset.|Id HMove +to ScreenXenter Re-Extrude |
Move + to Screen Centen SOEAR T T R Split [Join |
Rotation Pt. To Cross Done - Translate il :
e BsEi = e TRamtare A ioa) A =
Save Domains ent
Abort - Don’t Translate ENTER EXPRESSION Help
Help Don’t Save Domains esc
Enter ent H
elp 7
Abor t escl
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Copying Domains (Continued)
> > > > > > > > > > > > idaen

Gridgen

The result will be the two Grinen 15.00

identical, but offset R b s
domains, seen here. To . :
return to the MAIN MENU,
Done is selected.

1
i
L

TR
¥
g

1 b ! H ol
1 1
! L
!
4 ul
L H -
DOMAIN COMMANDS 1 '!i!.‘
. (Lot s, il
MY 0 i o Eeg Al
B e e
P Ayt I F Rt g, o bt L
Periodic|Trans a|Rotate h| ,,;g?gg#:gééfag‘m‘ 5 ﬁ;;"% 5#"%@5%%;&%5?,
iratlype] T e At A P g
Break b AR AT S LA D R e e
Break b A5 firti it 45 PO e P B L
AR b A e ] e A e A T
Run Solver |Structured 1| A LA Lt 0 e A lins Ty S
OList By BCs|unstrotra At] S R
ist By s|Unstretr Gy g et A 8 T R AR AT AP T A K D
A g P e i R AT LA A T
I AR A AL )y P AR ATy TATE e AT Sk
AT A AR v o LV e B e AT g Ny
Examine e|En/Disable t| P e RN L e AR e e
S PR T A L D ek e Pocitbl hnbar AL S B s AR
[ Groun |Define n1| | i e e e o e S B e
e A e R oo ok LA A AT R S e e Al e AT & v gl
e R e L LA S EAE i) A AR A AR ]
Done ent | A S S R B e e e A e A e A o e
e e e E S R e e e Eatee A T e e
e e s e e R e R Koo A S S e R 2
Cons C|Doms D|Blks B|DB F gk AT B A e A T e e B s A LA AL SRR AR PRI
g w0 s B AT P p T e e KA DI Do L Al A
g st T et B ¥ A IS AT crath Ay LA e e e
Dflt T|I/0 E[AS/W A|GlyphY Tt A T A it BTy, A B N o ol gt
o A AT vt o Wy S i e i o e B e i A Ay T
T S T T N wamae ISFa e i g b e APy Ta et fpaatla e P o i
Quit a|Save S|DisphralHelp 7 L : :f,»raaga.;«a-‘;g’:;;@ég;gaEgg,fgg,z;,e‘!%;’f,e‘gﬁéﬁé&%&g‘mﬁfvf‘*’éﬁ%@?ﬁ?““WA G
B BT i T g o e B TP 7 g ey e
B o R S v P £ B
D b A a2 A N gt AR e
by ettt s e e S T A v L
i ATV e 4 5 ¢ v £ B o T LAY, e e g A A T
R T A g i e  FATA Pyt L e it
O A ATV g AT ag . A P B fil
e AN i S e R e
e by 8 e AT s el
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e I i
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Create Connectors
D> D> DD D> DD

The next step is to create a series g

(8 total) of two point connectors
between matching nodes on the
edges of the domains — to save
time later, the connectors for the
unstructured block are also
defined now. As this process has
already been demonstrated, it will
not shown in detail again, but here
are a couple caveats:

Be sure that the default connector
dimension is still set to 36.

Switching off the rendering of the
domains will aid in locating all of
the nodes to be connected.

EEX

m‘m 15.086

0 Blocks, 4 Domains
27 Connectors, 16 Nodes

4 DBs, generic 3D

ADD POINT:
Enter more points (at
least 2 are required).

Connector Segments: 1
Connector Dimensions: 0

Distance To Last Point:
D = 6.976471E-001

2 POINT LINE

Add CP |at + padEnt

by Picking pad0

via Kevbrd pad.

Axyz vida Keybrdo

Acp via Kevbrdro

by Linear Proj ¢

at Clsest DB Pt)

Erase Last Point del
Edit Existing Curve

Smooth Control Points

Movement Restrictions m
Sensit|Decr ¢<|Resetl|Incr —|
Move +to Screen Center c
Move Rotation Pt. To + t

Abort esc
Display Commands Ag
Help ?

PiHINTWIME®
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Assemble Domains
S>> D> D> D> > D> >0

Once all of the connectors are

. EEX
Gridagmn 15.06

defined, the remaining six  Bhecke 10 Domaine

domains needed for the faces of |sEiss .

the structured block can be il e

assembled: left, right, bottom o .

(three total), and top - the latter | Domin

is just being formed in the I

picture to the right. As an .
additional time saving measure,

CREATE A DOMAIN

another structured domain is

M Auto Next Edge d
defined for the lower surface of [reicw e -
the airfoil for later use. ESl N G

Merge Entities 2|

Save Domain

Since this process has already  fses e
been demonstrated, it will not be |
shown in detail again. Just
remember using Auto Next
Edge and Auto Complete will
save time.

PiRINTWIME®
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Assemble Blocks
D> D> D> D> D> D> D> > >

Finally, it's time to assemble the

MAIN MENU
Input /Output [ bIOCk
Database f
C t :
bonaine a In the MAIN MENU, Blocks is
Bloshol 2 selected.
AalysliamS/d BLOCK COMMANDS
Tutorials  creqte n|odify .
Defaults = Delete This opens the BLOCK
Glyph
Lovor Tamagorl_Run Solver IS;:::::G' COMMANDS submenu.

Restart Gridg : : - |
T T e e 1 UFEE g Here Create is selected.

Examine CREATE BLOCK
Cons ClDoms Dp/piscble +[Sort| Cell Type |031‘ruc1‘uredv \
DR S Group Jpef ine /1] e This opens the CREATE BLOCK
— " Done Assemble Faces W 1] SmeenU.
cons ClDoms DIBlks Extrude |From Dom 9
DFLt T|1/0 E|AS/W e s [Fass .
Quit @|Save S|Disp{Abort - Done Creating esc| Be sure that Cell Type is set to
Display Comman|-CREATE A STRUCTURED BLOCK=
Help TTROETTEN = structured
Create Domain -"\dl
Remove a Face Then select Assemble Faces.

Examine Faces
Abort-Don’t Save Blocks esc\
Help ? Next, select Add 1st Face.

Building 3D Structureo!,Grids



Assemble Blocks (Continued)
> > > > > > > > > >

The ASSEMBLE 1st FACE

menu will open and the mouse | gt s,
can be used to pick the first
domain to be added. In this e S a2 T
case, the domain that makes up |
the back of the block has been

selected.

Note the color coordinated ] s £
face diagram in the blackboard

ASSEMBLE 1ST FACE
Pick |Multiple Doms

window. The number in the i —
Center identifies the EruseDom|gg?'::in9rllc:f dei

. . . Merge Entities 2|
highlighted domain. The Y —

numbers along the periphery A

show the dimensions of its & :

connectors. Note that only the domains needed
Lo . to define the structured block are

As this is the only domain currently shown in the display

for this face, Save the Face window.

Is clicked to complete it.

Building 3D Structured Grids




Assemble Blocks (Continued)

The ASSEMBLE 2nd FACE ®
menu will next open and the 2 et 18 e
mouse can be used to pick the | i wenn

domains to be added. In this

face or choose from the menu options
below, [use x to cycle picks],

36

case, the three domains that

makes up the bottom of the N
block have been selected. "

Note the face diagram in the u1 @ % m
blackboard window shows the S SSHBLE D FatE=—
particulars for all three selected P
domains. gl s ]

Save the Face enfl

If the wrong domain is picked, d—" =5

Abort esc

EraseDom [IPikd (to mouse v 2

click on the culprit) or Last (last

one added) can be used. Note that once a domain has been added to
a face, only adjacent domains can be

Save the Face is clicked to subsequently selected.

PiRINTWIME®

move on to the next face.

Building 3D Structured Grids




Assemble Blocks (Continued)
b))»»»)

The remaining single domain

faces are added in a similar

fashion to the first. Here, the

domain for sixth and last face

(the top of the block) is about to | s & ssteers - ‘ o
o

be selected. - S

EBEX

Once the domain is selected,
Save the Face can be clicked _ i

ASSEMBLE &TH FACE

to finish assembling the faces. Pick_Jtuitiple Dons

e
[EraseDom| Pl [lost
Mergeknfifies 2|
S reineleott 5 |
OFace c|oroces |
AutoSave Face can speed :
creation of single domain faces,
but make sure it’s off when Note that once a domain has been
building multi-domain ones. added to a face, it becomes edged

in blue.

PiRINTWIME®
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Assemble Blocks (Continued)
> > > > > > > > > >

After the six faces are defined,
the structured block can be 28 Cometors, 1¥licen
completed.

= the cursor to add o domain to the
face or choose from the menu options
below, (use x To cycle picks).

The blackboard window — &+
provides a color coordinated list | ot aise - oz
of the computational
coordinates and the

corresponding grid dimensions

of proposed block. e £ s woe
If necessary, the computational , [eesis fee

n

coordinates can be changed by Afecsassee o

Abort-Don/t Save Blocks escl

selecting ReSpecify €, 1, . hote/ 3

If desired, ReName can be
used to give the block a name.

Finally, Done — Save Blocks
will finish the block’s creation.

PiHINTWIME®




Conn Dimens : 0
Max Dewv: n/a
Max Ang: n/a
Ban As : n/a
End As : n/a
Distrib: Tanh

Thom & Mid

Hilgenstok

from Bdry

from Bdry
n/a

Bckgr ConFun:
Forgr ConFun:
UDom Min Edg:
Max Edg:
Max Dewv:

Max Ang: n/a
Decuﬁ : 5. 0000E-001
UBlk Max Mem: 64 mBytes
SizeFac:5.0000E-001
. Pyr AR :5.0000E-001
Split An?Ie : OFF
Join Ang e i Al
DB Coor

. Displazy uy

QuickSave: quic SGW
——SET DEFAUL VES——
| Con Dim |Odimen O avg As

Max Ang |Max Dev
OSurf c
[Con Dist |Ban 4s Al
#Tanh h
[Bckgr CF |OLaP1l 1
&T8M 2
|Forgr CF|<>None 4
> 5rns §
[UnstrDom |AIntPt s
MinEdg 7
MaxAng 9
[UnstrBlk |Maxtem A2
HinPyr ~4
Pyr AR A6
Split Angleﬁleoin Angle |
[DB Coord [©IJ nri|eUy Ay
QuickSave Filename AF

End As 1
OMRAS m

OFixd 3

®Hlgn &
Decay v
MaxEdg 8
MaxDewv A1
S5izFac ~7
MaxPyr ~5

Tolerances

DB Pick Mask k

Done

Help ?

(Re)Dimension Grids
> > > > > > > > > > > > Gdaen

Dimensioning and redimensioning connectors
has already been touched upon briefly.

_In the SET DEFAULT VALUES menu,

Con Dim dimen can be used to establish
a default dimension for all subsequently
created connectors.

In addition, a previously defined connector
can be redimensioned with the
Redimension Grids command found in
the CONNECTOR, DOMAIN, and BLOCK
COMMANDS menus.

CONNECTOR COMMANDS

Create

n|Modify m

Copy

c|Delete d

Periodic |Trans «a

Rotate 1]

Break b
Set As Vals 1‘||ZImdeegen 1

Redimension Grids

g

Examine

ef

Gr$up Define ﬂ1| |

Merge

DOMAIN COMMANDS=——

Dong Create

rn|Modify m

Corfs 1EORY c
DfLt |Periodic |Trans a

Delete d

Rotate h

aJit

Break b

Run Solver |(Structured 1

OList

By BCs|Unstretrd At

Ag

Redimension Grids
E;Zmine c|En/Disable 1

Cons C

Done

BLOCK COMMANDS

Create n|Modify

Delete

Copy [=]

d

Dflt T

Run Solver |S+ruc+ured 1

Quit @

Unstre

Redimension Grids

trd At
Ag|

Examine

=

En/Disable t|Sort

NS

Group |Define f\1|

en1‘|

Doms O|Blks B

DB F

I/0 E|AS/W A

GlyphY

Save §

Dispfa

Help 7




(Re)Dimension Grids (Continued)
P)»»»»)

As structured grids require
computationally rectangular
domains, the Redimension
Grids command
automatically propagates
new dimensions to all
affected domains and blocks.

When one connector in a
block or domain is
highlighted for
redimensioning, all other
connectors that will have to
be redimensioned by
Gridgen to maintain balance
also are highlighted.

PiRINTWIME®
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(Re)Dimension Grids (Continued)
P)»»»»»—

If a redimensioning leads to

an inconsistency in the _m—

dimensions of the system of

connectors, Gridgen will

highlight the problem and Sz IR <

require its resolution before \

continuing. In this case, the \

dimensions of the two = %

connectors highlighted in pink |________ o M \.\

were changed, leadingto an = =% = N | §

imbalance with the —— \ /

corresponding edges, each 4

made up of three connectors, Y _ _

below. Either the ol e o e

dimensions can be restored Alternatively, Gridgen dimension ’to be%ntered?/ia tr?e keyboard

or one (or more) of the R © < in hopes that it will balance this edge with
: Reset to Balanced P 9

connectors below will also Sys. the edge above.

have to be redimensioned. L somTysE:

(Rejblmensioning and (Re)Distributin.g'; Structured Grids



(Re)Dimension Grids (Continued)
> > > > > > > > > > > > _fidaen

It's also possible to redimension a
connector via the Modify command in ~ Sresfe glediey,
the CONNECTOR COMMANDS menu. [Periodigffrans alRotate 1]

CONNECTOR COMMANDS

. . . . Break b
This option is not available for ;ﬂévm ——
connectors that are already part of a Redimension Grids rg
I EXctniine — MODIFYING CONNECTORS——
structured domain. croup Joorine a2 AoDIIVING COMECTORS.
. . . Merge Enfifips/ Pick [All a|Nonesn|Tog At
Modify is selected in the the Done Page | in Box|on Box|ByText
CONNECTOR COMMANDS menu. cons Clbons plsy 2 e lotiOlast]
1t T|I/O E|AS/ MODIFY CONMECTOR
SortBy (4 num2|$ =se
. /zif 0lSave S|Di = Translate t |Rotate AQ
This opens the MODIFYING STok By Expression :T.::zr :: Stretch s
CONNECTORS menu. The connector(s) to  Dene ent[Help 2
be redimensioned can be selected via the Split c|Join Ac|
menu options or mouse picked. Once Segesnt [5dd__nInssrtan
selection is completed select Done., R it eclErase %o
enlmensmnﬂdl
) ) /Done-Replqce Connectors ent
Once selected, ReDimension can be T e
picked in the MODIFY CONNECTOR menu. 5i?plav Commands i
elp 7




(Re)Dimension Grids (Continued)
P)»»»»

After ReDimension is
selected, the chosen

REDIMENSION CONNECTORS

connector(s) become e

CONNECTOrs
r by le f 9 fro

highlighted in black with
orange and blue triangles
at the beginning and end,

respectively.

The connector(s) can then be — =mesirsnesims=
redimensioned by selecting Tron gboubeh O sertrd
keybrd and typing in a oo
dimension when prompted. g?:ff;;;;;?m |

Abort-Don’t Redimension escl
Help 7]

Alternatively, subcon can be /
selected. This allows the
dimension to be copied from
other connector(s) chosen via
the mouse.

PiHINTWIME®
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(Re)Dimension Grids (Continued)
> > > > > > > > > >

Here, subcon has been chosen g
and the three connectors 2e0cBlocks, O Demaine

DBs, generic 3D

highlighted in pink have been e M

copying from a picked

string of subconnectors,

selected as the source of the EEnE
dimension for the top connector. e T
Note that the dimension and S
distribution (evenly spaced in this

case) of the source connectors
are shown and that their ends
are marked with the same =CEDIESION CIMECTRE—

Apply |Cavg As |#dimen

From # subcon | keybrd

orange and blue triangles as the [ See vt s

CSurf ¢
target. The latter mark the | e ———
direction the copy will be made [oeasmem o
from the source to the target. gt 1 Redinension ese)

Done — Redimension is picked
to proceed with the
redimensioning.

PRINTWIME®
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(Re)Dimension Grids (Continued)

> > > > > > > > >

Connector No 28: 78pts

String Dims:

SubcT
Avg As 12, 6205E 002

COPY DISTRIBUTION

Copy Scaled Dist. J

S

Done - Don't Copy Dist

SS5C

Help

7

Next, the question of whether the
distribution of the grid point spacing of the
source connector(s) is also to be copied
onto the target(s) must be answered.

Once that decision is made, the MODIFY
CONNECTOR menu reappears, and the
modified connector(s) can be saved by
clicking Done — Replace Connectors.

Connector Mo 28: 78pts

MODIFY CONNECTOR

Translate t |Rotate AQ
Scale Ag|Stretch 3

Mirror Am|Project

LSQ Fit 1
Split |Join |
Segment [Add n|Insert #n

Edit e|Erase ~e

Dimensiond|ReDistr ibuted
Done-Replace Connectors ent

Done Modifying Conns esc
Display Commands Mgy
Help ?

(Re)Dimensioning and (Re)Distributing; Structured Grids



(Re)Distribute Grids

> > > > > > > > > > > > _Gridsen

Conn Dimens :
Max Dev:
Eax Ang:

n!a

nfa

nfa

nfa

: Tanh

Bckgr ConFun: Thom & Mid

Forgr ConFun: Hilgenstok

UDom Min Edg: from Bdry
Max Edg: from Bdry
Max Dev: n/a

Hax Ang: nfa

ecaﬁ :5.0000E-001
UBlk Max Mem: &4 mB Tes

SlzeFac 5.0000E-

vr AR :5.0000E- 001
5p1|1‘ An? H O'F-F
Join Ang B
DB Coor Dlspla

QuickSave: qui czsuve gg

——SET DEFAULT VALUES

|Con Dim |<>dimen 09‘@

Max Ang Max De}/

O Surf ¢

Con Dist Bgn As AL

End As 1

®Tanh h|<OMRAS m

[Bckgr CF |OLaPl 1
eTaM 2

OFixd 3

|Forgr CF|<>None 4
<& Srns G|#Hlgn &

|UnsfrDom |IZIn+P+ s|Decay v

MinEdg 7 |MaxEdg 8

MaxAng 9 |MaxDev A1

[UnstrBlk |Maxtem A2|SizFac A7

MinPyr A4 |MaxPyr A5

Pyr AR A6
Split Angle»‘\leoin Angle |

[DB Coord [©IJ Ai|euUv Ay

QuickSave Filename Af
Tolerances 1
DB Pick Mask k
Done ent
Help ?

Distributing and redistributing grid points has also
already been touched upon briefly.

In the SET DEFAULT VALUES menu, Con Dist can
be used to establish a default distributions at the
beginning (Bgn As) and end (End As) of all
subsequently created connectors.

In addition, grid points along a previously——»sst s vais +|simdesen 1

defined connector can be redistributed
with the Set As Vals command found in
the CONNECTOR COMMANDS menu.

CONNECTOR COMMANDS=——
Create n|Modify m
Copy c|Delete d

Periodic |Trans «a|Rotate 1|

Break b
Redimension Grids Mg
Examine e|
[ Group |Define Al[Under o
Merge Entities 2|
Done en1'|
Cons C|Domg D|Elks D|DB F
Dflt T|If0 E|AS/W A|GlyphY
Quit 2|Save S|DispralHelp 7

(Re)Dimensioning and (Re)Distributin.g'; Structured Grids



Conn Dimens : 0
Max Dev: n/a
Max Ang: nfa
B: B nfa

: Tanh

Bckgr ConFun: Thom & Mid
Forgr ConFun: Hilgenstok
UDom Min Edg: from Bdry
from Bdry

Max Edg:
n/a

Max Dev:
Max Ang: nfa
: 5. 0000E-001

: &4 mBytes
izeFac:5.0000E-001
. Pyr AR :5.0000E-001
Split An?Ie : OFF
Join Ang e : Any
DB Coor Dlsplaﬁ: Uy
QuickSave: quicksave.gg

=——SET DEFAULT VALUES——

|Con Dim |<>dimen <O avg As

Max Ang |Max Dev

. \
Con Dist [Bon 4s Al |End as 1
#Tanh h|<HRAS m

[Bokgr tFFetePt—H

®T81 2|OFixd 3

|Forgr CF|<>None 4
<& Srns G|#Hlgn &

|UnsfrDom |IZIn+P+ s|Decay v

MinEdg 7 |MaxEdg 8

MaxAng 9 |MaxDev A1

[UnstrBlk |Maxtem A2|SizFac A7

MinPyr A4 |MaxPyr A5

Pyr AR A6
Split Angle»‘\leoin Angle |

[DB Coord [©IJ Ai|euUv Ay
QuickSave Filename Af
Tolerances 1
DB Pick Mask k
Done ent
Help ?

(Re)Distribute Grids

There are several options for setting the distribution defaults in the SET
DEFAULT VALUES menu:

Con Dist
Bgn As

End As

> Tanh

MRQS

spacing constraint, i.e., distance between first two grid points, at
beginning of connector: -1 ensures spacing continuity with adjacent
(sub)connector (this cannot be set as a default); 0 removes constraint — if
both ends unconstrained, points  will be evenly spaced; >0 constrains
spacing to entered value — must be less than 40% of connector length.
spacing constraint at end of connector.

Gridgen’s default distribution function is the hyperbolic tangent. It can be
applied if both ends of the connector are constrained or if only one end is.
The Monotonic Rational Quadratic Spline function can be applied to several
subconnectors simultaneously. It forces a grid point to be fixed to a break
point and automatically provides spacing continuity and variation
continuity across the breakpoint. Gridgen will link two MRQS
subconnectors if their spline variables and types are the same and if the
spacing constraints across their common break point are equal.

(Ré)Dimensioning and (Re)Distributir_.].g:Structured Grids



(Re)Distribute Grids

It's also possible to redistribute grid —— CONNECTOR COMMANDS——
points via the Modify command in the ~ Sfeete qtediey,
CONNECTOR COMMANDS menu. PeriodigiTrans _a|Rotate 1
Break b
5ef/;;/les t | ImmdRegen 1
Redimension Grids Ag
Excalie — HODIFYING CONNECTORS——
Group |Define Agscroll | 1| /| | | | 0
) ) ) Merge Enfifips// Pick |All a|None~n|Tog At
Modify is selected in the the Br= Page | in Box|on Box|ByText
t|® 1st|O last
CONNECTOR COMMANDS menu. ConsClpoms p|o [2ELE IshiOlmt |
/z(i_l: ; ;"0 E g?* Sor 1By | ¢ num2| O seg3 =——=MODIFY CONNECTOR——
. L RIS ! & dims Translate t|Rotate AQ
ThIS OpenS the MODIFYING Pick bv?:ession Scale Ag|Stretch s
CONNECTORS menu. The connector(s) to Done ent|Help  ?[akMirror  Am|[Project

. . . LS@ Fit 1
be redistributed can be selected via the spm' — o]
menu options or mouse picked. Once Segment ladd  n|Insert An

selection is completed click Done. Edit el|Erase fe
ReDimensionsglReDistributed

Done-Replace Connectors ent

Once selected, ReDistribute can be

picked in the MODIFY CONNECTOR menu. e
Help ?

(Re)Dimensioning and (Re)Distributir_.].g:Structured Grids



(Re)Distribute Grids

»)))igﬂﬂﬁ '

After ReDistribute is
selected, the chosen

DI STRIBUTE CDNNECTOR

connector(s) become ) n, | Bt
highlighted with orange and  |= "~ -

Connector No 1: 40pts e

blue triangles at their S
beginnings and ends, S, /
respectively. A cursor circle [ ‘(

also appears along the I =
connector(s). e ]

Apply fo\. FoculeAll ng

o far oo
A number of operations are  fecoditme
now possible based on the — = /

V

. rs o i |d i
commands in the GRID e
POINT DISTRIBUTION e
menu... ere ;'3:1’2 ii'o‘f“i;f

PiHINTWIME®
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(Re)Distribute Grids

The Focus commands choose

which connector is to be Ef::._?s PG:IZLDIST: I::LT: DN: The cursor circle can be

modified or if all are. Apply to|® Focus|$all rennot\e/?i?]g;“(?o?rzirr?;[lésse’o?iy

Add Aat o divides the connector/ ﬁ;dm'::r 3: g b}%/:: toggling from grid point to

at the control point at O (the pdd CPo at O A grid point.

cursor position) or at All control / /Move Qvia Keys6ard /K

points along the connector. Oto Next &[Ofo Prev ne The division of grid points

=~ - = n: between subconnqctors can
Remove A similarly A = A G be changed by typing (top) or
reassembles the ~ [Ending pushing/pulling from one to
conmector. 1i Tk v another, but the connector’s
/ d total is fixed.

nter A= at Picked A ~t
Add CP = at O adds a control /2= c0|O® — e w|OOFf h

point at the cursor position. ®: o x|COFF v Ato Nextoand Ato Prev s
Sensit |Decr <|Resetl|Incr shifts break point to one
Begin. A and Ending A set Done ReDistributing ent control point either towards
Display C d A ..
the As values at the ends of Hé?i A 3 end or beginning of connector.

the subconnector.

(Re)Dimensioning and (Re)Distributir_.].g':Structured Grids



(Re)Distribute Grids

The DISTRIBUTION FUNCTION determines The distribution function and

how points are distributed under the =GRID POINT DISTRIBUTION=| spacing constraints establish grid
input spacing constraints: —BISTRIBUTION FUNCTION—I 1| coordinates in terms of the splining
Equal Spacing means just that. Equal Spacing "2 variable. The SPLINE TYPE
TANH (hyperbolic tangent) is TANH Function tf_2Bl function converts these to

"€l cartesian coordinates — Linear Fit

the Gridgen’s default.

_ Mono. Rat. Quad. Spln m aj . ) o
Copy From Network requires Geometric Progression d = gpﬁ:lggEe\?:gifBaﬁlé Slml|6|il’|y,bthe
a database entity to distribute IR B e F__%e can also be
to (with various criteria). Max Dov + Max Ang ol m| chosen — Arclength is the default.
Fat
MRQS, as noted before, works ~ ARort esc [*—
across multiple subconnectors. ~ Help 2 SPLINE TYPE
\ . -
Geometric Progression gives a ( t i G ol !
. N . . Cubic Spline 2
one-sided distribution where ratio Exponent ial Spline 3
between adjacent points is constant. E“W abor 1 e
. @+ 0|0 s—ew|oofFF 22201
Copy from SubConnects copies oo o o x|oofs Help SILIhIE SREE
distribution from picked Sensit|Decr <Resety|Inor - ;rcleng"h 2
SchonneCtor(S)' Done ReDistributing ent ¥ v
Max Dev + Max Ang limits discrete Display Commands Adt 7 »
connector deviations from segment Help ? Abor t esc
?

shape and turning angle between grid points. Help

(Re)Dimensioning and (Re)Distributir_.].g':Structured Grids



(Re)Distribute Grids

Wrapping up the GRID =GRID POINT DISTRIBUTION=
POINT DISTRIBUTION Focus Next nlfrev  “n
Apply to |# Focus|<$All As
menu... Add Aats Jat O blall b
Remove & |at O c|All ~c
Add CPo at O d
Enter As at Picked A applies  Heve Ovia "eﬁibﬂ""d k
. e . . Fa

specified spacing constraint on i [(te QR o :
both sic_jes of break point where \ 5S4  q <A Aq

cursor is currently located. o ni A R o i Control points can be

+ o rendered as shown or not
d rendered at all.

Enter As at Picked & _~F
. [ ] [ ] —_ <20¥.F
These toggles set different %nﬁgaff .,

options for rendering grid Sensit|Decr <gResetldIncr

points (as shown) or turning Done ReDistributing ﬁ‘%These control mouse

off their display. Display Commands Aa sensitivity with respect to
Help B cursor circle movement.
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The Structured Solver
S>> D> > > > > > Sdaen

Use of the structured solver has also been S —DOMIN Comhs—— ETliptic Solver - (PAUSE>
touched upon briefly in the previous session. Copy clDelete __d Iteration # 0

For domains, it's mainly used to change the =

interior distribution of points to smooth mesh 2 Erlvey |eieies 1

[JList By BCstt==tataa 22

or improve orthogonality.

To run the solver, first choose
Run Solver Structured from the
DOMAIN COMMANDS menu.

~=—RUN STRUCTURED SOLYER=—

auit als . Initiaglize via TFI T
= = Elliptic Slvr|Run s
The domain is next picked — in _—
this case by highlighting the entry Project Grid to DB ul
in the browser window. SELECT DOMAINSet Solver Attribs ng|
I [ I h b Seroll} V| /| | —_Examine Ax
Alternatively the mouse can be iick A_uB a Non:ﬁrDShow —— —
M H age n OX | On Lu H

used for selecting the domain. Soctle lot|o lagFooue Jlext  nfprev
Set to|O off|O ropone - Save ent|
Once Done is selected, the Sor By |® num2|O TFLipport - Don't Save esc
© BGFE| O FGfiHa1p ?

RUN STRUCTURED Pick by Expression s

SOLVER menu appears Done en’r|He1p ?|Ab0r1 esc

(Re)Dimensioning and (Re)Distributin.g'; Structured Grids



The Structured Solver (Contlnued)

When to Run the Structured Solver

@)

When strict orthogonality is needed adjacent to a wall type boundary.
When cell quality needs improvement.

When cell problems adjacent to the boundary of a domain or block are
generally due to connector or domain problems, respectively, and when
those problems cannot be fixed directly.

© 0

- (Re)Dimensioning and (Re)Distributing Structured Grids



The Structured Solver (Continued)
> > > > > > > > > > > > Sdeen

As an example, the e oo g E@@
airfoil mesh has been ki it S
modified with various e it | ~
spacing constraints (see e s - oun ;IE,:;,I,I',',"",’,:;,, » gk
the inset diagram) to i o

increase the mesh L

resolution near the N
leading edge and in the — g
boundary layer region. S — N )
Unfortunately, an o me

undesirable et Seluer tribs vl

consequence is the e T e

crowding of the cells e m— S———
near the leading edge. EEeen =
The structured solver 00l ool | 003 ool

could be utilized to ~[_—

correct this.

(Re)Dimensioning and (Re)Distributin.g'; Structured Grids



The Structured Solver (Continued)
> > > > > > > > > > > > Sdeen

Here’s a look at the options in the RUN STRUCTURED SOLVER menu: Elliptic Solver - (PAUSE)

Iteration # 0

Initialize via TFI (transfinite interpolation) “resets” the domain or block
grid in question with the last TFI method used. TFI is an algebraic
approach to establish the interior grid point locations. It's what Gridgen
uses when a domain or block is first created. There are several
mathematical methods available as will be discussed later.

Elliptic Solver runs the elliptic PDE solver to smooth grid either

indefinitely (Run) until paused, one iteration (Run 1 Iter), or N iterationS  =—RUN STRUCTURED SOLVER—
(Run N |terS) Initialize via TFI T
' Elliptic Slvr|Run s
. . . . . . Run 1 Iter 1
Project Grid to DB projects grids with database constrained shapes to Run N Iters n
their database. Project Grid to DB ul
Set Solver Attribs -"\sl
Set Solver Attribs opens a menu for setting solver attributes. Examine Ax
] Show Examine Data fi)

Examine opens a menu of grid quality inspection tools, while Show focus | |
. P ] ) g q 7 P ) ! . Done - Save ent |
Examine Data will display grid quality information when solver is paused. . . —
Help ?




The Structured Solver (Continued)

P))»»»)

Selecting Set Solver
Attribs in the RUN
STRUCTURED
SOLVER opens this
menu. Each button here
opens yet another menu
to control various TFI
and elliptic solver
attributes.

m’ﬂgﬂn 15.08
2 Blocks, 14 Domains
28 Connectors, 16 Nodes
10 DBs, generlc 3D

SET STRUCTURED SOLYER_ATTS
Choose the t vEe of solver
attribute to be applied
ONLY to the Focus Domain.

Domain Num 1 : 78x 35
TFI: sfundurd

ShuE

MG lx/Pro:DBOIDEO
BG ConFun. : Thom, & Midd.

¥ d
type decuy‘fvpe ecav|buse
orfho 6 Hi:_!.g

|nferp 6

6 Hi lg
Boundary Condlhons 4
Fixed
ru\

-SET STRUCTURED\ SOLVER ATTS:|

Focus |-t N e

Apply fo\. Focu ‘}QAII

TFI Attributes\

Hethods N7
\

Elliptic Attributes

Surface Shape Params 1
Background Cont Funcs &
Foreground Cont Funcs 4
Solver Bound. Conds. 8
Algor ithm Attributes A
Done Setting Attributes esc|
Help 7|

Color coded domain edges
match foreground control
and boundary condition lists
in blackboard window.

N

N

N
N
N

PiHINTWIME®
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The Structured Solver (Continued)
> > > > > > > > > > >

"SET STRUCTURED SOLVER atTss | FIl Attributes

Focus |[/loxt Prev | o _ o

Apply 10|® Focus|OAll as] Methods specifies the mathematical method used to initialize
TFI Attributes the grid point distribution.
Methods 7|
Elliptic Attributes Elliptic Attributes

Surface Shape Params 1] .
Background Cont Funcs 3 Surface Shape Params define how the shape of the selected
FETEE e Se TS 4] surface grids is computed.
Solver Bound. Conds. 5|
Algorithm Attributes 6| Background Cont Funcs influences the distribution of grid
Done Setting Attributes escI points in the grid’s interior.
Help ?

Foreground Cont Funcs influences the distribution of grid
points near the grid’s boundaries.

Solver Bound. Conds. controls grid point movement on grid
boundaries during elliptic refinement.

Algorithm Attributes controls the methodology and
convergence rate of the iterative PDE solution.

(Re)Dimensioning and (Re)Distributing; Structured Grids



The Structured Solver (Continued)
> > > > > > > > > > > > Sdeen

Selecting TFI Attributes Methods brings up the SELECT ALGEBRAIC

:SET STRUCTURED SOLVER ATTS=|

METHOD menu with the following choices: Foous |
Apply to | 1o |
Standard TFI — (third choice for domain initialization) arc-length TFI Attributes
based interpolants provide optimum algebraic domain initialization. Methods 7
Elliptic Attributes
Linear TFI — original transfinite interpolation method developed for g::(::uasz:ff |“LGEBR’“IC| METHOD=
Gridgen, generally inferior to standard TFI. Foregrour Standard TFI 1
Solver BcLinear TFI 2
Polar TFI — initialization performed in polar coordinate system Algor i thnPolar TFI 3
according to a user defined axis. Done Setiotno TFI 4
Wquqmefrlc TFI ]
] o o ) ) —Param-Fit TFI -]
Ortho TFI — provides minimal additional orthogonality at domain edges. Set Other Attributes  esc
) ) ) o ) o Done Setting Attributes ent
Parametric TFI — (first choice for domain initialization) a standard transfinite Help ?

interpolation is calculated in the parametric coordinates of an underlying
database surface when all bounding connectors are associated to that surface. Method ensures
domain has database surface shape.

Param-Fit TFl — (second choice for domain initialization) extension of above to include special
cases where some bounding connectors, while physically in the same space as the underlying
database surface, are actually associated to different database entities.

(Re)Dimensioning and (Re)Distributir_.].g:Structured Grids



The Structured Solver (Continued)
> > > > > > > > > > > > Sdeen

Selecting Elliptic Attributes Surface Shape Params brings up the

:SET STRUCTURED SOLVER ATTS-|

SELECT SHAPE TYPE METHOD menu with the following choices: — 0 |
Free — (default for standard TFI domains) solver runs with no constraint Apply to |
on domain Shape_ TFI Attributes
. . : : : : . Methods 7
Fixed — original d_omz_;un shape is temporarily parameterized so original Ellipfic Afiributes
shape can be maintained. Surface Shape Params 1]
DB — (default for Parametric/Param-Fit TFI domains) shape is constrained ~ 2ackground Cont Funcs 3
. C . . Foreq SELECT SHAPE TYPE=——
to underlying database surface(s). Picking this option reveals: Solvd Focus | |
Proj Typ Algol| Shape |Free u|Fixedf DB  d|
. . . Set SELECT SHAPE TYPE=——
Lin-Def — an average of the domain normals at the four corners is E;_T:. . T | |
used for the projection vector for the linear projection method. % e o fhefs o
Lin-Cur — the current view orientation is set and saved as the projection Proj Typ|Lin-Def 1|Lin-Cur 2|
vector for the linear projection method. Clerery
_ o _ |Proj DBs |Default 3|Picked 4
ClosePt — the closest point projection method is used. MShow Proj DBs 7
: i Show Proj Yector 3
Proj DBs Align View w/ Proj Vector 6
Default — a default set of database surfaces is chosen based on Set Other Attributes  esc|
domain/connector associativities. Done Setting Attributes ent
Picked — user is allowed to interactively choose the database surfaces via Help ?

(Ré)Dimensioning and (Re)Distributir_.].g':Structured Grids



The Structured Solver (Continued)
> > > > > > > > > > >

Selecting Elliptic Attributes Background Cont Funcs brings ST I Sias A
up the SELECT BACKGROUND CON FUN menu with the Foous |1l ! Prev__ An|
Apply to|® Focus|Oall |

following choices:

TFI Attributes

Methods 7|
LaPlace — maximize smoothness in the grid interior at the Elliptic Atfributes
cost of grid point clustering and orthogonality. SUFRge0 s [HEREL: 1

Background Cont Funcs 3|

Fore :

. . . ——=5ELECT BACKGROUND CON FUN=
Thomas-Middlecoff — (default) produces smooth grid while Soly ™ rocue  [Next [Prev
maintaining boundary point clustering into the interior of AlgcLaPlace 1
h d . Done Thomas-Middlecoff 2
the domain. HelgFixed Grid 3

" Set Other Attributes esc
Fixed Grid — This method looks for and corrects local slope Done Setting Attributes ent
Help 7

discontinuities in the grid.
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The Structured Solver (Continued)
> > > > > > > > > O

Thomas-Middlecoff

(Re)Dimensioning and (Re)Distributir_]g' Structured Grids



The Structured Solver (Continued)
> > > > > > > > > O

Selecting Elliptic Attributes Foreground Cont Funcs Donain Num 1°: 78x 35
brings up the FOREGROUND CONTROL FUNCS menu: ghope:, O def. DEs( 1.3%)
Relaxation : Opfimal
BG ConFun. : Thom. & Midd.
Edges — choose the edge(s) that require change to their tyee gecay [tyne Hecny |base
foreground control settings or boundary conditions by Jdofere 6 ortho g Hild
toggling the corresponding color coded squares (when e Cadhii0 e SIS
selected, the box outlines are filled). All or None can be Fixed
selected as appropriate to save time. Fixed
Set — will reveal the SET ON EDGES menu. TSET STRUCT=LOREGROUND CONTROL FUNCS=r
_—| Focus |Next |Prev A

Focus

';;;I;-;;jjﬁmges 1] 3

All a|Nome o|Set s

Methods
————5Set Other Attributes esc|
Ellipt

Surface ShiDone Setting Attributes ent|
Background Help 7|
Foreground Cont Funcs 4|

Solver Bound. Conds. 5|

Algorithm Attributes |

Done Setting Attributes escl

Help 7|

(Re)Dimensioning and (Re)Distributing; Structured Grids



The Structured Solver (Continued)
P))»»»»)—

SET ON EDGES——

SET ON EDGES options:

PR Focae | |

Form refers to nature of control over near boundary grid points: 322531 + O _Form Joff  ofon o
Off — do not use foreground controls. Eglqﬁﬂf.ﬁ Hilgens h|Sorensns
Az Cale |Type-Inl|Interpl 2
On — (default) use foreground controls. type' decas Cur Grd 3|Adj Grda
Hilgens — (default) method of von Lavante-Hilgenstock-White, ATITTTM| s Blend |'5'“e°r i 22
roviding greatest control over spacing and orthogonality. nterp ¢ =
P 99 pacing - g Y _ Boundary [ aCalc Jorthgnl 5|Interpl 6
Sorensn — method by Steger-Sorensen, providing smoother grids Fixed Cur Grd 7[Adj Grd8
at some cost to edge orthogonality and spacing. Fivod | _uBlend |Linear Al|Expnen Ac
- : Decay ~kj
As Calc refers to distance between boundary edge/face grid =

points and the first layer of grid points inward:
Type-In — enter a spacing value via the keyboard.

Interpl — (default) linearly interpolate the spacings from
the ends of the edge along the length of the edge.

Cur Grd — store and maintain the original spacings along
the length of the edge.

Adj Grd — use the spacings from an adjacent domain along
the length of the edge. The adjacent domain must be in the
solver simultaneously, reverting to Cur Grd if adjacent
domain not available.

—erorror preset to Defaults
=FOREGROUI

-:SET STRUCT i
:_Foc r__Hodl-Fv Other Edges

Focus “Set Other Attributes esc

Apply to | Edges |
E B Done Setting Attributes ent

TFI —
= Hel 7
Methods ALLEETE
— Ellipr Set Other Attributes esc|
Surface ShcDone Setting Attributes ent|
Background Help 7|
Foreground Cont Funcs 4|
Solver Bound. Conds. 5|
Algorithm Attributes 6|
Done Setting Attributes esc|
Help 7|

(Ré)Dimensioning and (Re)Distributir_.].g':Structured Grids




The Structured Solver (Contlnued)

T

L]

Hilgens Sorensn
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The Structured Solver (Continued)
P))»»»»)—

SET ON EDGES options (continued): [r——— Nf-ﬂ _ _7 SET ON lEDGEE
. : . . . TFI: sta OCUS
As Blend controls blending of spacing constraints into grid’s interior: Shape: O Form Joff  Acon o
Linear — blending is a linear function of grid point index from Eg“gﬂ*.‘g Al S ) | RETE D D
e edge s a5 G et 2
Lir r J r

Exponen — (default) blending is a decaying exponential function. STIZTTMN| A5 Blend|Linear 1[Exponene

. . . . - . nrerp ! D k

Decay — number of grid lines into the interior at which infere (]—\&
foreground control decays to 10% of its maximum edge i aCalc |Orfhont 3iInferpté
o Fixed Cur Grd 7|Adj Grd 8
contribution. #i .o | aBlend |Linear Al|Expnen Ae

aCalc refers to angle that transverse grid lines make with boundary: Decay 7k
- . ) — _—erorrpepReset to Defaults d
Orthgnl — (default) 90 degree grid line-edge intersections SET smumﬁﬁodw other Edges .
will be enforced as reasonable. Focus — “Set Other Attributes  esc

. . . Apply to g : :
Interpl — linear interpolates spacings from edge ends. = — M Done Setting Attributes ent
L . T AllHelp ?

Cur Grd — store and maintain original spacings. Methods
— Ellipr Set Other Attributes esc|
— === =

Adj Grd — uses spacing from adjacent domain.
aBlend controls blending of angle constraints into interior:
Linear — see above.

Exponen — see above.

Surface Sh(Done Setting Attributes ent|
Background Help

?|

Foreground Cont Funcs 4|

Solver Bound. Conds. 5|

Algorithm Attributes 6|

Done Setting Attributes esc|

Decay — see above. Help

|
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The Structured Solver (Continued)
> > > > > > > > > > >

Selecting Solver Bound. Conds. brings up the ELLIPTIC | B ermm—
SOLVER EDGE BC menu: Shape: |0 def. DBs( 1.5%)

Default Lin Projection
Relaxation : OpTimal
BG ConFun. : Thom. & Midd.

Edges — choose the edge(s) for which you wish to change the tvpe: Secay |tyon Ieay |base
control settings for their grid point distributions by inferp  6lortho 6 |Hilg
toggling the corresponding color coded squares (when
selected, the box outlines are filled). All or None can be
selected as appropriate to save time.

Boundary Conditions :

Set — will reveal the SELECT FOR EDGE menu. -SET_STRUCT\ —E[| IPTIC SOLVER EDGE BC—
Focus || Focus |[iWout [Prev

Boply Fol S o] 1

_ TFI 4 [ 4

Methods a1l al|None o|Set s|

Elliptigset other Attributes  esc|

Surface Sha
Background Done Setting Attributes ent

Foreground (Help ?
Solver Bound. Conds. 5|
Algorithm Attributes 5|
Done Setting Attributes esc|
Help ?|
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The Structured Solver (Continued)
> > > > > > > > > > > > Sdeen

The SELECT FOR EDGE menu provides the following —SELECT|FOR I EDGE=
)] N Focus |Hext Prev
OptlonS. EEE?IS*GEFixed 1
pe:
Ee{aul:_LFloufing 2
Fixed — (default) edge grid points will not be allowed to BG ConFuriOr hogonal 3
+ eﬁgec Set Other Attributes esc
Move. interp Done Setting Attributes ent
Help ?
Floating — common connectors between adjacent domains Boundary Conditions :
will change shape and distribution as if an interior grid line —Fixed
when the adjacent domains are all run in the solver.
:SET STRUCTUR
. . . . . =ELLIPTIC SOLYER EDGE BC=
O_rthogonal — grid point d_|str|but|on alon_g the edge A::f:sh 'fh Foous |Next  n|Prov
will be allowed to change in order to achieve the e 1 3
best possible orthogonality. Methods | I -
— All a|None o|Set sl
EGF;E%5155;556+ Other Attributes escl
Background CiDone Setting Attributes ent
Foreground CiHelp 7
Solver Bound. Conds. 5|
Algorithm Attributes |

Done Setting Attributes escl
Help 7|

(Re)Dimensioning and (Re)Distributin.g'; Structured Grids



The Structured Solver (Continued)
> > > > > > > > > > > > Sdeen

Selecting Algorithm Attributes brings up the Algorithm Atts menu with the
following choices:

Single grid — solves the elliptic PDEs on the selected entity based on the focus grid’s
relaxation factor, defined by selecting the Relaxation tab below (grayed out when
Multigrid is toggled).

ALGORITHM ATTS |
Multigrid — (default) solves the elliptic PDEs on the selected Focus |

. . .. . ly to
entity via a multigrid approach, i.e., based on the actual f;’in“'gle orid ,\m:

mesh and two coarser intermediates that Gridgen creates. |
This technique achieves convergence in fewer steps than -sET_ sy &Multiorid )

) ) ] Focus Relaxation 2|
the single grid method. Two controls are provided: iy 1 Prolonsation 3|

-Set Other Attributes esc|

Relaxation — controls the over-relaxation of the solution.
The default is 0.9. Lower values increase robustness but will

MethodsDone Setting Attributes ent|

R 7
require more iterations. Surface Shape Params 1]
Background Cont Funcs 3|
Prolongation — controls the transfer of grid point changes Foreground Cont Funcs 4|
. . e . . Solver Bound. Conds. 5|
from the coarse grid solutions back to the initial finer grid. : ;
Algorithm Attributes 5|

The default is 0.6. quer values_W|II again increase Done Setting Atir |butes oac)
robustness at the price of more iterations. Help 7|

(Re)Dimensioning and (Re)Distributir_.].g':Structured Grids



The Structured Solver (Continued)
> > > > > > > > > > > > Sdeen

Toggling Single Grid and selecting Relaxation brings up the

. . . =SELECT RELAXATION PARAM=

SELECT RELAXATION PARAM menu with the following choices: SELECT RELAXATION PARAN=
Apply to|® Focus|oaAll |

; ; ; ; Use Optimal Relaxation 2|

Use Optlmal Re_laxatlon — (defaul_t) the_: highest possible Use Nominal Relax 0.7 3|
relaxation value is used at each grid point to accelerate Enter Relax via Keyboard 1|

the elllptIC solution Set Other Attributes esc|

FocDone Setting Attributes ent|

. . . “App1Help : — 7

Use Nominal Relax 0.7 — a conservative mean value is Single grid ~a
used at all grid points, sometimes necessary for smooth Relaxat ion 1]
convergence when using Shape DB. TSET STFOHUI;rlng | m|
Focus elaxat ion |
Apply 1 Prolongation |
Enter Relax via Keyboard — enter a new value, between 0 JSet Other Attributes  esc|
and 2, directly when prompted via the keyboard. He’rhodsﬁc"l*e Setting Attributes cont I
L - — :

Surface Shape Params 1]

Background Cont Funcs 3|

Foreground Cont Funcs 4|

Solver Bound. Conds. 5|

Algorithm Attributes 5|

Done Setting Attributes esc|
Help ?|




The Structured Solver (Continued)
> > > > > > > > > O

2D to 3D Differences

DOMAIN COMMANDS=——

Create ni|Modify m
. . Copy c|Delete d
O Six faces instead of four edges. SerTodic|Trane  alRotate hl
o No Surface Shape Params or Project Grid to T T Fs
un Solwver |(Structured 1
DB necessary. OList By BCs|Unstrotrd st
Redimens’ _— —
; BLOCK COMMANDS
O No Adj Grd foreground control. EEGTIEEY e P
O Only Fixed boundary condition available. [ Broup Copy clbelete  d
Done Run Solver |S+ruc+ured 1
cons C|D Unstroetrd At
bDflt T‘ERedimension Grids ng|
Quit @ISeyamine =
En/Disable 1|Sort Ag
Group Defineﬂ1|Undef |
Done en+|

Cons C|Doms D|Blks E|DB F
Dflt T|I/0 E|AS/W A|GlyphY
Quit o|Save S|DispralHelp 7
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GridgenTraining
> > > > > > > > > >

O In this session:
O Building 3D Structured Grids.
O (Re)Dimensioning and (Re)Distributing Structured Grids.
O Tutorial: “Swept Ramp: Basic Multi Block Structured Grid.”

Review



GridgenTraining
> > > > > > > > > >

O In this session:
O Building 3D Unstructured Grids.
O (Re)Dimensioning and (Re)Distributing Unstructured Grids.
O Examining and Correcting Grids.
O Tutorial: “Pierced Elbow: Basic Unstructured Grid.”

Overview /.



Building 3D Unstructured Grids
> > > > > > > > > > > > _fidaen

53
SR,
e

Turning again to the hybrid airfoil mesh, the 3D unstructured
block will now be constructed. =

I
jl__ :: /_;)’ ‘ :;: :é:-g;zz FrH
g e o
i . T ] Reo :E: :E::-:',




The “Bottom-Up”"Gridgen Process

Select Analysis Software and Mesh Dimensionality

I

Import and Manipulate Database Geometry

J

Create Segments and Connectors

I

Dimension Connectors and Distribute Grid Points

I

Assemble Domains

I

Assemble Blocks

J

Setup CFD Analysis Boundaries

I

Export and Save Files

Building 3D Unstructured Grids



Assemble Domains
S>> D> D> D> > D> >0

Most of the faces needed for the
unstructured block beneath the | e i —
airfoil have already been o
created. Only the bottom and

two end domains have yet to be
formed. Since this process has
already been demonstrated, it
will not be shown in detail again.

15.056

Just remember using Auto

Save and Auto Complete will  |==wmmE—
save time. Here is the scene Conpectors ;
after these three domains have s
been formed. —

Laver Manager M
Restart Gridgen [==1=3

Quit Gridgen enfl
Cons C|Doms D|Blks B[DB F
Dflt T|I/0 E|AS/W A|GlyphY
Quit Q|Save 5|DispralHelp 7

RINTWIME®
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Assemble Blocks
D> D> D> D> D> D> D> > >

i —— Finally, it's time to assemble the

Input /Output e block.

Database f

Connectors (=3 .
TEREIRE d In the MAIN MENU, Blocks is
Blocks. b} selected.

AalysliamS/d BLOCK COMMANDS

Tutorials  cregte n|odify ;

%Copv Delefe This opens the BLOCK

o e N U RS COMMANDS submenu.
Restart Gridg —

T Redimension Grids rg|

Examine CREATE BLOCK Here Create is selected.
Cons ClDoms DOF /hicohic o |sort Cell Type |Ostructured \
Dflt T|I/0 E,—“ Group |Define Al| ®unstructured ThlS OpenS the CREATE BLOCK

Quit @|Save

Buit Gridgen

Oeme Assemble Faces W 1 |

Cons C|Doms [|Blks Extrude  |From [ﬁs\ 9

DFLt T|I/0 E|AS/W Hhcal ghoce _
Quit 0[Save S|Disp:Abort - Done Creating esc| Be sure that Cell Type is set to

Display Commanc.cREATE AN UNSTRUCTRD™BLOCK- unstructured
Help Add 1st Facew_ g

Create Domain ﬂdl

Remove o Face Then select Assemble Faces.

Abort-Don’t Save Blocks e

Help ? \

submenu.

Next, select Add 1st Face.

Building 3D Unstructure_d;Grids



Assemble Blocks (Continued)
> > > > > > > > > >

The ASSEMBLE 1st FACE o

menu will open and the mouse | &zt e,
can be used to pick the first
domain to be added_ In th|S {35 5 Shesss ot el St ol
case, the domain that makes up | * =~ =
the back of the block has been

selected.

Note the blackboard window

simply states that one domain  |=sssEsrae—
has been added to the ——

[ MStruc 7| MUnstr 8
unstructured face. Additional Nortnf1d Crnct 1

Join Ang = Any =3

domains will be added until the  [Eete e st

Save As Baffle Face b|
face completely enclosesthe -
bIOCk. [IMesh Bofﬁrgﬁlora—ces:

The exception would
be an unstructured baffle
where the face can be open.

PRINTWIME®

Building 3D Unstru




Assemble Blocks (Continued)
> > > > > > > > > >

The process continues as
additional domains are added
to the face. Note that a bold
yellow outline marks the edge
of those domains that are
now part of the face — it will
disappear when the face is
closed.

If a mistake is made and an
unwanted domain is added,

it can be erased with
EraseDom just as in the case
of structured block assembly.

Note that Save the Face is
not available until the face is
closed.

Gridagn 15.06
1 Blocks, 14 Domains
28 Connectors, 18 Nodes
DBs, generic 3D

ASSEMELE 1ST FACE OF THE BLOCK
Use the cursor to add o domain to the
face r choose from the menu options
below, (use = to cycle picksl,

§ domains in uns. face

ASSEMBLE 1ST FACE=——

Pick |Multiple Doms

1]
All Domains 1
Ad jacent Doms J
MStruc 7|AUnstr 8
MNonMnfld Cnnct 1
Join Ang = Any e

EraseDom |[Pikd 9|Last del

Merge Entities 2|

Save As Baffle Face b|

Save the Face |

AutoSave @ O0ff o

©Face c|CFacess
[IMesh Both Sides h
Abort esc
Help ?

#INTWIME®
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Assemble Blocks (Continued)
> > > > > > > > > >

Once the face is closed, the -

bold yellow outline disappears 2d Eogliold FECe
and the Save the Face
comm and can be SeleCted. e

8 domains in uns. face

ASSEMBLE 1ST FACE OF THE BLOCK

ASSEMBLE 1ST FACE:
Pick |Multiple Doms m
All Domains 1

Ad jacent Doms J

MStruc 7|AUnstr &
MNonMnfld Cnnet 1

Join Ang = Any e

ErascDom |[Pikd 9|Last del

Merge Entities 2|
Save As Baffle Face |
Save the Face enfl
AutoSave @ 0ff o

©Face c|CFacess
[1Mesh Both Sides h
Abort esc
Help 7




Assemble Blocks (Continued)
> > > > > > > > > >

Once the face is saved, the e
menu changes once more. —-““'5“'— ™

S - ¢ | Closeup showing \\
Yellow arrows show the face face normal arrows. -
normals. N —

If need be, they can be
reversed with the
Reorient Faces command.

:CREATE AN UNSTRUCTRD BLOCK=

The new block can be given \‘Q;‘:;;“,;;:; =

a name with the ReName e —
Command . Done-Save Blocks ent

Abort-Don’t Save Blocks esc
Help 7]

Finally, the block is saved
with the Done — Save Blocks
command. However, the
block’s interior is not defined
until the unstructured solver is
run — more on this later.

PiHINTWIME®
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(Re)Dimension Grids
> > > > > > > > > > > > Gdaen

Com RS e Dimensioning and redimensioning connectors — —ceecior comiaos=—
e has already been touched upon in discussing 22 _sbeee

Bckgr ConFun: Thom & Mid

Lo nroen: Heaeies | (re)dimensioning structured grids. Break |

Max Edg: from Bdry Set Az Vals +||ZImdeegen 1

Max Dev: n/a Redimension Grids Ag

Hax Ang: n/a
UBlk Mecuﬁ 5 022055021 Examine el
ax Mem: mBytes
SlzeFac 5.0000E- .
yr AR :5.0000E- oo1 Gr$up Define Al | |

DOMAIN COMMANDS=——

55}5*»\%? v, _L-Inthe SET DEFAULT VALUES menu, ferge

DB Coor Dlsplcl Dong Create n|Hodify 1]

QuickSave cu.uclsave. . . .
— e Dmuwlﬁi Con Dim dimen can be used to establish gofs Copy c|pelete

|Con Dim |Odimen S A fAit |Periodic|Trans «a|Rotate h|

s s v a default dimension for all subsequently a HW Breok [

[Con Dist |Bgn As AL[End as 1 Created Connectors. OList By BCe|Unstretrd #t

®Tanh h|OMRAS m Redimension Grids f\gl
[Bekgr CF[OLaPl 1 EEmine c|En/Disable |

T84 2|OFixd 3

[Forgr CF |©None 4 BLOCK COMMANDS

&Srns 5|@Hlgn 6 Done  Create n|Modify m
[UnstrDom |#IntPt s|Decay v Cons C|Copy c|Delete d

MinEdg 7|MaxEdg B8 e : : Df1t T| Run Sol Structured 1
| |M;:Ang — In addition, a previously defined connector Df1t I Run Solver |Structured 1
UnstrBlk (MaxMem ~2|SizFac ~7 - - - v v =

HinPyr Aa]HaxPyr A5 can be redimensioned with the ol 29|

P\fr AR f\ﬁ R . . . xam!ne (=]
Split Anglers|Join Angle | Redimension Grids command found in En/Discble #lSort oo
[DB Coord|GIJ  ni[eUy v " Group |Define A1 |
YT e— the CONNECTOR, DOMAIN, and BLOCK =
IME) CIRe R i Cons C|Doms D|Blks B|DB F
) el ok € COMMANDS menus. DF1t T|I/0 E|AS/W A|GlyphY
5""';"3 e": ouit 9|Save S|DispralHelp ?
elp 7

(Re)Dimensioning and (Re)Distributing_..-Unstructured Grids



(Re)Dimension Grids (Continued)
> > > > > > > > > >

Since unstructured grids
have no topological
restrictions,
Redimension Grids can
be used for quick
dimensioning of individual
connectors whether they
are part of a domain or
not.

15.06

2 Blocks, 14 Domains
28 Connectors, 16 Nodes
0 DBs, generic 3D

REDIMENSION GRIDS: Redimension by
Qssigning mew dimensicns to key
cormectors @11 others colculated
semi-automatically, Pick g conmector
or choose Gn option below

Connector #: [
Number of Segments : 1
Permanent Dimensions: 38

Initial Dimension : 3§

REDIMENSION GRILD:

Reset to Balanced Sys d
Done-Apply New Dims ent
Abort-Use Orig. Dims escl
Help 7]

7
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(Re)Dimension Grids (Continued)
> > > > > > > > > > > > _fidaen

As discussed in conjunction with
structured meshes, it's also possible to ~ Sesfe gtedity s

CONNECTOR COMMANDS

redimension a connector via the [PeriodigAfrans alRetate 1|
. . Break b
Modify command in the CONNECTOR %4%13 ——
COMMANDS menu. Redimension Grids Ag
21 — MODIFYING CONNECTORS——
Group |Define Agscroll | 1| /| | | | 0
. . . Merge Enfifi;s/ Pick |All «a|None®n|Tog ~t
Modify is selected in the the Done Page | in Box|on Box|ByText
CONNECTOR COMMANDS menu. cons Clbons plsy 2 e lotiOlast]
1t T|I/O E|AS/ MODIFY CONNECTOR
- — Sor tBy | # num2 | < se
. /zif 0|5ave S5|Di o dims Translate n'l' Rotate AD
This opens the MODIFYING STok By Expression :T-::zr s g:zz: s
CONNECTORS menu. The connector(s) to Done ent|Help 2|~ — -
be redimensioned can be selected via the Split c|Join Ac
menu options or mouse picked. Once Segnent [4dd___nlInsert An
. . 1 =] rase ne
selection is completed select Done. ReDimensionad|meD it (bt
] ] /Done-Replqce Connectors ent
Once selected, ReDimension can be Done Modifying Conns  esc
picked in the MODIFY CONNECTOR menu. Diselay Commends &
elp 7




(Re)Dimension Grids (Continued)
> > > > > > > > > >

After ReDimension is selected, | zoee omare

the chosen connector(s) P cecTRs

copying from a picked
string of subconnectors,

become highlighted in black S ey sclegt 0 o The
with orange and blue triangles
at the beginning and end. s

Avg As 3 0089E 002

If subcon is selected, the

dimension to be copied fromi\

other connector(s) chosen via  Neremsme

the mouse. e
OSurf_cf

Selecting Done-ReDimension  [ese et sicom. el
will move to the next step of  [Eaomes o
deciding whether to also copy e

the distribution of grid points.

PiRINTWIME"
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(Re)Dimension Grids (Continued)
> > > > > > > > > >

Connector No 9: 68pfs Next, the question of whether the

seedl X5'h8 EM3es8E 002 | // dlistribution of the grid point spacing of the
source connector(s) is also to be copied
onto the target(s) must be answered. As
unstructured meshes are normally built with
equal grid point spacing, this is usually a
moot point here.

— COPY Dgg?RIBUTbe—————
Copy Scaled Dist. { ]

———MODIFY CONNECTOR=———

Done - Don't Copy Dist esc Translate t |Rotate Ag
Help ? Scale Az |Stretch s
Mirror Am|Project
Ls@ Fit 1
Split c|Join ac|

Once that decision is made, the MODIFY [ Ssement jacd___mineertn
CONNECTOR menu reappears and theﬁ
m0d|f|ed Connector(s) can be Saved by Done-Replace Connectors ent

mens i onAd |ReD istributed

icki Done Modifying C
clicking Done — Replace CoNNectors. pisiay comends . A
Help ?

(Re)Dimensioning and (Re)Distributing,—Unstructured Grids



(Re)Distribute Grids

> > > > > > > > > > > > idaen

0

n/a

n/a

n/a

: n/a

: Tanh

Bckgr ConFun: Thom & Mid

Forgr ConFun: Hilgenstok

UDom Min Edg: from Bdry
Max Edg: from Bdry
Max Dewv: n/a

Max Ang: n/a
Decuﬁ : 5. 0000E-001
UBlk Max Mem: 64 mBytes
SizeFac:5.0000E-001
. Pyr AR :5.0000E-001
Split An?Ie : OFF
Join Ang e :_Any
DB Coor Dlsplaz: Uy
QuickSave: quicksave.gg

Conn Dimens :
Max Dewv:
Eax Ang:

Grid points along unstructured connectors are typically equally spaced or have points
inserted based on curvature or deviation:

Max Ang adds additional grid points where turning angle for consecutive points is greater
than specified.

Max Dev adds additional grid points where discrete grid shape deviates from the true
connector or underlying database shape more than the maximum deviation specified.

CISurf considers curvature in all directions of underlying database surface for Max Ang and
Max Dev if toggled. Only applies if either or both are set.

SET DEFAULT YALUES——

[ con Dim |Odl@_ AS

If it is desired, (re)distribution can be handled in the same way as for structured meshes, but

ax Ang
Surf c

[Con Dist |Bgn &z

Max Dev ;
En\:’g

more useful in controlling unstructured meshes are:

®Tanh h|OMRAS m

IntPt (Interior Points) controls whether grid points are inserted into unstructured domains

[Bckgr CF |OLaP1l 1
oTaH 2

OFixd 3

| when they are created.

|Forgr CF|<>None 4
s

wHign 6

Decay Factor controls how far boundary cell size affects interior cell size, ranges from 0 (no

nsfrDom|EZIan+ s |Decay ¥

MinEdg 7|MaxEdg 8

) influence) to 1 (0.5 default).

MaxDey 541

MaxAng 9

UnstrBIK STzFac A7

MinEdg and MaxEdg specify the minimum and maximum edge lengths for cells,

MinPyr 24 |MaxPyr A5

Pyr AR A6
Split Angleﬁleoin Angle |

respectively.

[DB Coord [©IJ nri|eUy Ay

MaxAng specifies the maximum dihedral angle allowed between two triangles sharing an

QuickSave Filename AF

Tolerances

edge.

DB Pick Mask

Done

MaxDev specifies the maximum distance allowed between a domain’s analytical shape

Help

(b_ased_ on its tabase) and its discrete shape (the triangular facets).

(Re)Dimensioning and (Re)Distributing_..-Unstructured Grids



(Re)Distribute Grids

As with structured grids, it's also CONNECTOR COMMANDS
possible to redistribute grid points via Create __fytiodity _t
the Modify command in the [Periodipifrans _a[Rotate 1|
Break b
CONNECTOR COMMANDS menu. s
Redimension Grids Ag
EXctniine — MODIFYING CONNECTORS——
Group |Define Agscroll | 1| /| | | | 0
) ] ) Merge En1'i1'i95/ Pick |All a|None~n|Tog At
Modify is selected in the the Done Page | in Box|on Box|ByText
t 1st last
CONNECTOR COMMANDS menu. ConsClpoms p|o [2ELE IshiOlmt |
/z(i_l: ; ;"0 E g?* Sor 1By | ¢ num2| O seg3 =——=MODIFY CONNECTOR——
. L RIS ! & dims Translate t|Rotate AQ
ThIS OpenS the MODIFYING Pick bv?:ession Scale Ag|Stretch s
CONNECTORS menu. The connector(s) to Done ent[Help  ?[AtMirror  Am| o oo
be redistributed can be selected via the :E?i:” —— nzl
menu options or mouse picked. Once Sogment |add  n|Insert An
selection is completed select Done. el )it

ReD imensionsg|ReDistributed

Done-Replace Connectors ent

Once selected, ReDistribute can be —
picked in the MODIFY CONNECTOR D?gzlaa 1iving Bomns_ese
menu. Help ?




(Re)Distribute Grids

SRE S QLTS

»=GRID POINT DISTRIBUTION=
Focus |Next n|Prev ~n
Apply to |# Focus|OAll As

Add Aato |at O b|All »~b
Remove & |at O c|All Ac
Add CPo at O a
Move COvia Kevboard k
O to Next e|Oto Prev se

The connectors to be modified can now be selected
by mouse clicking in the display window and various
operations can be selected from the GRID POINT
DISTRIBUTION menu. Amongst these is Select Distrib.
Func. which opens the DISTRIBUTION FUNCTION
MENU.

>4 q —4A Aq
Amongst the options here is Max Dev + Max Ang, N A —
which can move grid points about to satisfy the N t Av
input deviation values without changing the —
overall connector dimension. o TSTRIBUTION FUNCTIoN— . OFf _h
Equal Spacing e,>0ff =

TANH Function i pALner

ent
Ag
?

bslpv From Network

Hon\o\ Rat. Quad. Spln m

Geomemc Progression d

Copy Froﬁ\"SubConnecfs c
d
C
7

Max Dev + Max Ang
Abort es
Help

(Re)Dimensioning and (Re)Distributing,.-Unstructured Grids



The Unstructured Solver

> > > > > > > > > > O

=——DOHAIN COMMANDS=———

For domains, the unstructured solver is
primarily used to change the interior
distribution of points, typically for smoothing or
more accurately resolving geometric shape.

edimension G
Excamine
To run the solver, first choose Def i1

Run Solver Unstrctrd from the
DOMAIN COMMANDS menu.

The domain is next picked — in
this case by highlighting the entry
in the browser window.
Alternatively the mouse can be
used for selecting the domain.

Once Done is selected,
the RUN UNSTRUCTRD
SOLVER menu appears.

Create n

Modi fy m

Copy (=3

Delete = |

Periodic |Trans a

Rotate h|

Break b

Run Solver

Structured 1

[JList B

Unstrctrd &t

Triangular Solver

D

_=—RUN UNSTRUCTRD SOLYER=—|

Initialize

t

Tri Solver |Refine

n

Decimate

Smooth Only =

Project Grid to DB

SELECT DOMA

d

Soroll ;&d v v|Se’r Solver Attribs ﬂsl
Pick |All a|NomDone - Save ent |
Page | in Box|on |
Boet | & lst 011Abor1' - Don’t Save esc

Set to|O off |0 MelP o i

Sor1By |# num2| & srfd|0 revd|

< prmd
Pick by Expression =

Done en+|He1p

?|Abor1 esc

(Re)Dimensioning and (Re)Distributing,.-Unstructured Grids



T he Unstructured Solver

RUN UNSTRUCTRD SOLVER
menu options include: 2f EsSiod R

Bs, generic 3D

Gricfoen 15.06

Initialize deletes existing interior |2 & e =
cells and repopulates based on

_oMe of The mend BUEtohs below,

Triangular Solver

s
i
. s
i
current defaults and attributes et
- —
'ri Solver inserts (Reflne),
f
Srrait
removes (Decimate), or smoothes i
1 T e
g hare AR rAT i
. T et
(SI nooth Onl ) oints based on SR e e ~
et e St S S S
y p ST R S L e
. . ==RUN UNSTRUCTRD SOLVER=— PN L, ST e
attributes. The latter involves : P
AL KL I i
. . Tri Solver [Refine n i ;’a{’- P s '!#!f:;%r:
Decimate d e 23a A 3% e
Bel L R
Ll LAt Lredy
Smooth Only s T T ﬂ’;«;\‘
. == e T T
. I . Project Grid to DB | L AR Lo
d o 2 s,
. i i e,
Iagona SWappIng. Set Solver Attribs as| B s e
F‘ﬂir %
el g
Done - Save ent| . '.Y:%l#}

VR
ok
S,

Project Grid to DB constrains —
grid to underlining database
grayed out when not present).

Set Solver Attribs opens menu
for setting attributes.




The Unstructured Solver

Having selected Set Solver
Attribs, the SET UNSTRUCTRD
SOLVER ATTS menus opens
and the image of the selected
grid changes. The options here
are:

Surface Shape Params opens
the SELECT SHAPE TYPE
menu to choose how the domain

surface shape will be determined.

Relaxation Parameter opens
the SELECT RELAXATION
PARAM menu to change the
unstructured solver smoothing.

Grid Control Params opens
the SELECT GRID CONTROL
PARAM menu to select and
change various grid attributes

’E‘f‘!ﬂ!‘z‘l 15.06

2 Blocks, 14 Domains

28 Connectors, 16 Noces
DBs, generlc 3D

SET UNSTRUCTRD SOLVER ATTS
Choose the type of solver
attribute fu =3 pBI ed
ONLY to the Focus Domain.

Dﬁmain Fum 2 : 2879 pts
Requuflon : 1.0000

Min Edg
ndurY) 2.59740E-002
Cactuald:1.73803E-002
Max Edge Len
[{ ndurY) 3.51056E-002
Cactuald:4. 05484E-002
Max Surf Dev : not upplled
Max Ang ev  : not upEI ed
Bndry Decay :5.00000E-001

-5ET UNSTRUCTRD SOLVER ATTS:
Focus |loxt |Prev

Apply fo“ Focu: |<>A11

Surface Shape Params

Relaxation Parameter

Grid Control Parcms

N o M=

Done Setting Attributes esc

Help

PiINTWIME®
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T he Unstructured Solver

Domain Num 2 : 2879 pts
Shape: Free

Relaxation : 1.0000

Min Edge Len :

Cbndary): 2. 59740E-002

Cactual):1.73803E-002
Max Edge Len :

(hndary): 3. 510&85E-002

Max Surf Dev : not applied
Max Ang Dev : not applied
e

Cactual):4.05484E-002 1000

Brdry cay :5.00000E-001
———SELECT SHAPE TYPE=——
[ Focus | |

Shape |Free ulDB d|

Set Other Attributes esc|

Done Setting Attributes ent
Help 7

2879 pis
IBs( 0.0%)
jection

§9740E-002
73BO3E-002

51085E -002
05484E-002
10t applied
inknown_
10t applied
nknown
00000E -001

E TYPE=—

]

u|DB d|

Proj Typ|Lin-Def 1|Lin-Cur 2|

ClosePt 9

|Proj DBs |Default 3|Picked 4

M Show Proj DBs

7

Set Other Attrib

utes escl

Done Setting Att

ributes ent

Help

The SELECT SHAPE TYPE menu provides these options:
Free — solver runs with no constraint on domain shape.

DB — shape is constrained to underlying database surface(s).

Selecting the latter opens the following options:

Proj Typ

Lin-Def — an average of the domain normals at the four corners is
used for the projection vector for the linear projection method.

Lin-Cur — the current view orientation is set and saved as the
projection vector for the linear projection method.

ClosePt — the closest point projection method is used.

Proj DBs

Default — a default set of database surfaces is chosen based on
domain/connector associativities.

Picked — the database surfaces are picked via mouse or the browser

window.




T he Unstructured Solver

Domain Num 2 : 2879 pts
Shape: Free
Relaxation : 1.0000

Min Edge Len :
C

ndary): 2. 59740E-002
Cactual):1.73803E-002

Max Edge Len :
Cbndary):3.51066E-002
Cactual): 4. 05484E-002
Max Surf Dev : not applied
Max Ang Dev : not applied

Bndry Decay :5.00000E-001

=SELECT RELAXATION PARAM=

Focus | |

Use Nominal Relax 1.0 3

Enter Relax via Keyvboard 1

Set Other Attributes esc

Done Setting Attributes ent

Help ?

length.

The SELECT RELAXATION PARAM menu has these
options:

Use Nominal Relax 1.0 — (default) uses the mean value for
determining the number of smoothing iterations.

Enter Relax via Keyboard — replaces default with a new
value (between 0 and 2) entered via the keyboard.

The SELECT GRID CONTROL PARAM menu offers
these options for controlling Triangle cell geometry:

Min Edge — minimum triangle edge length.
Max Edge — maximum triangle edge length.

Max Surf Dev — maximum allowed distance of triangle
centroid from underlying database surface, inserting grid
points as needed to remain below maximum.

Max Ang Dev — maximum allowed turning angle between
adjacent triangles, inserting grid points as needed.

Boundary Decay — distance into domain interior that
boundary grid point spacing affects interior triangle edge

Domain Num 2 : 2879 pi=
Shape: 0 def. DBs( 0.02
Closest Pnt Projection
Relaxation : 1.0000

Min Edge Len :
Chndary): 740E-002

59
73803E-002
5

2.
1.
Max Edge Len :
Cbndary):3.51065E-002
Cactual):4,05484E-002
Max Surf Dev : not applied
Cactual): unknown_
Max Ang Dev : not applied
Cactual): unknown
Bndry Decay :5.00000E-001

Cactual):

=SELECT GRID CONTROL PARAM=

| Focus | |

Triangle |Hin Edge

Max Ecdge

Max Surf Dev

Max Ang Dev

Boundary Decay

0O |on|oh Bk

Set Other Attributes es

Done Setting Attributes ent

Help ?




The Unstructured Solver

Max Ang Dev
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T he Unstructured Solver

Returning to the airfoil mesh, we’ll
increase the triangle min and max edge SIgBest Pt Prodect ion

Relaxation : 1.

control parameters so we can coarsen the  |ui, Egge Len -~ [Domain fum 10 = 2879 pto
. . . - PG : ree
grid with the Decimate command. ud’):1.73803) Relaxation : 1.0000

C ndar ) 3 5106846 Min Edge Len
Cactual): 4., 05484F Cbndar

3i2. 59740E-002

Cactual)d: unknowr
Brelry Decay :5.00000Eﬂqx Surf
Max An i : 2879 pts
S ape: Free
elaxation : 1.0000

in Edge Len :1.00000E-001
Cactual):1.73803E-002

Selecting Min Edge in the SELECT /:‘"‘ “Corual)! DRknowMax Edge Lon | 700
dx ANg Lev : noT apg naary
GRID CONTROL PARAM menu \ B

prompts for a new value. Type 0.1 via
the keyboard and then click Enter.

=SELEST GRINCONTROL F

| Focu€\|Nex+ [Pre| Max Edge Len :
r_f_____’ - (bndary): 3. 510646E-002
) ) Triangle [Min Edge . " s(qgfﬂa ):4.0$484Ei90§
» X aLr eV @ NoT d 1€
Selecting Max Edge in the SELECT Max Edge Max Ang Dev. : hot applied

Max Surf Dev Enter Bndry Decay :5.00000E-001

GRID CONTROL PARAM menu
prompts for a new value. Type 0.5 via

the keyboard and then click Enter. 200 Olior AOOIEET  Go3)
_Pone Setting Attributes ent

Help A ENTER EXPRESSION
Enter ent

Abort escl

Boundary Decay

Pick Done Setting Attributes to return to
the RUN UNSTRUCTRD SOLVER screen.

(Re)Dimensioning and (Re)Distributing_..-Unstructured Grids



T he Unstructured Solver

=

With these new parameters

2 Blocks, 14 Domains

defined, the grid density on | =& ig=

the back plane of the e "
unstructured mesh cannow [— o "
be reduced. < e

Selecting Decimate (or
typing the d hot key) will

run the unstructured solver e e soeR— N
with these new parameters. Tl SolvePglEstine P 1
Project Grid to DB | “;%is‘\'\é 1”‘6"‘“4‘;“‘.&?’
Set Sr:vluer Attribs As| %ésg!%"z‘!ééﬂ‘
A Done - Save enf: %’#gggkﬂ;‘;"" o2
Selecting Done — Save will T —T %ﬁ’v ‘

save the modified mesh,
while Abort — Don’t Save
will return the mesh to its
previous state.

PiRINTWIME®
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T he Unstructured Solver

For blocks, the unstructured solver is primarily used
to initialize their interiors, i.e., fill them with tetrahedral
ells, after their exterior shells have been defined.

m
d

———BLOCK COMMANDS
Create n|Modify
Copy c|Delete
Run Solwver |S+ruc+ured 1
Unstrctrd At c
: B |rids ﬂQL\
> To run the solver, first choose Run
_~2 Solver Unstrctrd from the BLOCK
COMMANDS menu.
The block is next picked — in this case by highlighting
the entry in the browser window. Alternatively the
mouse can be used for selecting it. As there are no

Tetrahedral Solver
=
F
.th\
cells defined yet, the block is described as empty.

Once Done is selected, the RUN
UNSTRUCTRD SOLVER menu

t

SEL
=RUN UNSTRUCTRD SOLYER=
uf

A
All
in

ﬂsl

appears.

Scroll
Pick
Page T
oot | & Initialize
Release Vol Grid
# niSet Solver Attribs
5
?
(Re)Dimensioning and (Re)Distributing/Unstructured Grids

Set to|o
SortBy
< s
] - Save
- Don’t Save

Pick by Exj
Done AT [H{Abor t
Help

Done




T he Unstructured Solver

RUN UNSTRUCTRD SOLVER
. . ____Gridaen 15.05
menu options include: o B M Semilog

DBs, generic 3D

UNSTRUCTURED SOLVER:
Run the tetrahedral solver
f

Initialize passes the block S
information to the tetrahedral e
solver to fill the block with tet
cells. Once selected, the
message window will report
UNSTRUCTURED SOLVER:
Working... until the processis |
completed. During the T a—
calculations, the cursor is S
replaced with an hourglass F |t -oeesae el

Tetrahedral Solver

Release Vol Grid deletes any
tet cells previously created for
the block from memory.

Set Solver Attribs opens
another menu to set various
attributes for the solver.

PRINTWIME®

(Re)Dimensioning and (Re)Distributing,.Unstructured Grids



T he Unstructured Solver

Block Num 2 : 95110 pts
Hgmor; Size 54 mBytes
Size Factor 5 OOOOOE 001
Iterations :
Min Pyr Hght : nof dEElled
Cactual ): 1 3?10 002
Max Pyr Hght : E
(acfual) 1 58354 002
Pyramicd AR . 00000E-001

:SET UNSTRUCTRD SOLYER ATTS=

Focus

Apply to

Grid Control Pdroms 3
Done Setting Attributes esc
Help 7

Having selected Set Solver Attribs, the SET
UNSTRUCTRD SOLVER ATTS menu opens. Grid
Control Params can be selected to reveal the
SELECT GRID CONTROL PARAM submenu, with
these options for the Tetra(hedral) cells:

Min Edge — minimum triangle edge length.
Max Edge — maximum triangle edge length.

Memory Size — maximum amount of memory to be
allocated to the tetrahedral solver. Default is 64 MB.
Rough estimate is 1 MB per 15,000 tetrahedra.

Iterations — controls number of runs through
tetrahedral solver. Additional iterations might improve
grid quality in inadequate regions of a bad mesh.
Default is 1, and max is 10.

Boundary Decay — distance into interior that
boundary grid point spacing affects interior triangle
edge length.

Block Num 2 : 95110 pts
Min Edge Len :
Cbhndary):1.24471E+000
Cactual):1.34402E+000
Max Edge Len :
Cbndary): 3. 56309E+000
Cactual): 3. 83363E+000
Memory Size : 20 mBytes
Bndry Decay :9.00000E-001
Iterations : 1

Min Pyr Hght : not applied
Cactual): 0. 00000E+000
Max Pyr Hght : not applied
Cactual): 0. 00000E+0QQ
Pyramid AR :5.00000E-002

=5ELECT GRID CONTROL PARAM=
Focus | |

Tetra [Min Edge

Max Edge
Memory Size
Iterations
Boundary Decay
Pyramid |Min Height
Max Height
Aspect Ratio
MDisplay

Set Other Attributes

=0 = T

o

esc|

Done Setting Attributes ent
Help ?

e)'Dimensioning and (Re)Distributing_..--Unstructured Grids



Examining and Correcting Grids
> > > > > > > > > >

Gridgen includes extensive tools for examining = COMNECTOR COMMiNDS—
various mesh characteristics and isolating b
resulting mesh problems. Specific tools Break b
. - . Set As Vals 1| ImmdRegen 1
available for studying connectors, domains, and e ~g
blocks can be accessed via the Examine = DOMAIN CoE—
. . LYeT Create n|Modify m
command in the corresponding COMMANDS Merge EntiticCopy c|pelete d
Done Periodic |Trans  a|Rotate h|

Cons C|Doms | Break b]
Dflt TII/O i Run Solwver |Structured 1
Quit @|Save OList By BCs|Unstrctrd At

menus.

Redimension Grids ﬂg|
=i BLOCK COMMANDS

Group |Create n|Modify m
Done Copy c|Delete d
CI|Ck|ng on Cons C|Dor Run Solver (Structured 1
i DFLt T|I/1 Unstretrd  t
Examlne (Or Quit @[SaRedimension Grids Ag|
typing €) opens _» Exanine e
. En/Disable t|Sort Ag
the Examlne Group |Define Al|Uncef |
menu. Done en+|

Cons C|Doms D|Blks E|DB F
Dflt T|IA0 E|AS/W A|GlyphY
Quit O|Save S|DisphalHelp 7

Examining and Correctin.g; Grids



Examine Connectors
D> D> D> D> D> D> D> > >

Once Examine has been picked in the CONNECTOR COMMANDS CONNECTOR COMMANDS
menu, the individual connectors to be considered can be selected from create nfledify  w

Copy
the browser window or via the mouse in the display window. When the [Periodic]
selection is complete, Done is picked, opening the Examine window. ;

Focus allows the diagnostic function to be reported for
specific connectors or grid points, depending on the Mode
and Hiliter status, by toggling Next or Prev.

Function selects the specific diagnostic
function to be applied.

Display opens another menu for e ST :
selecting display options for T il [ I TR
H H H H - Function |None f
diagnostics information. BB DTy |SoL dvirs -
ng Mode |©Local of@Global ~o
Mode allows one of the chosen connectors to —  [seriey|e Hiliter
. < 0n h|®0ff Ah
be examined (Local) or all of them(Global). —— e
Doy to min f to max f
Hiliter On will show diagnostic information about a specific Pick More ent |
grid point in the blackboard window. The buttons below Abor t esc
. . . . . . . Display Commands Mg
provide options for picking this grid point. Help >

Examining and Correctin.g; Grids




Examine Connectors (Continued)
> > > > > > > > > > > > idaen

Clicking on None in the EXAMINE menu opens the EXANINE  ——
DIAGNOSTIC submenu where the diagnostic XF%US [Next  n|Prev  An
function to be applied can be chosen. FunctiohiNone :
_ o _ DIAGNOSTIC obal "o
Usage will show what entities (domains, etc.) Next Page R|I=———
utilize the selected connector(s). /Mg:age/f : Ah
) ) Moff | f

DB will show whether the connectors’ grid [y Size |Oi 1]
points are on and/or off (depending on the | / ent
toggle settings) the database. // -
Size will show the lengths between grid // -

Size Rat (Size Ratio) will show the ratio

points along the connector(s). /Size Rat|oi Al
/
; ; ; Smooth [Oi 44

of these lengths amongst adjacent points.
DIAGNOSTIC———
Smooth (Smoothness) will show the normalized EREREE I N
turning angle of the connector at each grid point. //
Done ent
Once the function has been selected, Next Page /Abor+ ’ -
Help ?

must be clicked to reveal the Done button to return.

Examining and Correctin.g':Grids



Examine Connectors (Continued)
P))»»»

Here, the DB Function has

been chosen (note the DB o Bl 3 ol

identifier next to Function), R —

with both on and off toggled. i e

Three connectors were chosen, [ a3 .

the top and bottom of the airfoil | ™ “" ™"

and the edge between the ",',‘

structured and unstructured S5

blocks. As the airfoil is ;"?:/l?""{“) 4‘- ”VVA

referenced to the wing’s ,lﬂzhiziﬁg,ﬁ%iﬁm!é%’éé%%

database, the grid points I e e
’ . = 0 oy - il === =

appear as green, i.e., they're o — {{ﬁ{ﬁfﬂaﬁ'ﬁ"” - =

on the database. As the other [ e \:\\\\‘\\I‘H‘{‘%ﬁ;} A E?ﬁgggafég

connector ?s not on th_e _ | ‘\\\\\\:\?ggf 15%4'4‘%%%'#‘%

database, it's grid points are Piek tere ) \,’1&"‘127‘4@7%5?‘4?}'&

red, i.e., they're off the e muh}‘%ﬁxeg&%ﬂaﬁa

e A=
database. Note the summary of ﬂh‘ﬁ‘iﬂ;{%“‘
this information in the

blackboard window. MHINTWISE®

Examining and Correctin.g':Grids



iInued)

Connectors (Cont

> > > > > > > > > > > O

Here, the Size Function has
been chosen (note the Size

Ine

Exam

i
g
:

EEX

15.08

¥ Gridgen

14 Nodes

ctors
10 DBs, generic

@
£
o
£
5
a8
0
B
@
E 3
0
o
=
o
o™

25 Conne

buttons to
cked
e%@cf a

ies and s
#

the menu
diggnostic function

EXAMINE
sfepf?hrough all pi
i

Use
ent

n|Prev An

EXAMINE

\Ne

Focus

Mode [©Local o #Global ~o

Display |Solid+Wire

Hili

h| & Off

£0n

enfl

ck More

Abo

mands

Display Com
Help

P SATIISESEA
ISR S
SO A P
SRR Vs
A0 NS
k /// VAt Vv,
h\essce

PiRINTWIME®
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S O
= o)
mwm
S
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.mee
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S35
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Q50O
= O
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coded by the lengths between
grid points. The color scale on

the left of the display window

shows the corresponding

lengths in model units. Again,

note the summary information
in the blackboard window.
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Examine Domains

> > > > > > > > > > > > _Gridsen

As before, clicking on None in the EXAMINE menu
opens the DIAGNOSTIC submenu where the diagnostic
function to be applied can be chosen.

Usage will show what entities utilize or are

\

EXAMINE=——————

Focus

|Nex1‘ n|Prev  An

Functiolm

None f

Display

SolidtWire 1

Mode |© Local

o| ® Global ~o

LIiT i

utilized by the selected domain(s).

F

DIAGNOSTIC

Ak

Next Pa R

DB will show whether the grid points are —__|#None

1

< Usage u

¥
\

on and/or off the database.

Size will show the cell areas in the selected domain(s).

Aspect Ratio will show ratio of average length
to average width of the cells in the domains.

Skewness will show cell’s minimum included angle (min a),

maximum included angle (max a), or the maximum ratio of cell’'s

included angle to the angle of an equilateral triangle (angle).
angle values less than 0.8 are considered good, but values up to

0.9 may be acceptable for some solvers.

< DB d
\ |__ent
Size | \ esc
OA \ 47 aq
I \ ?
\
\
\
\
S\ize Rat |
Smsoth | |
Odsp::T ratio d
Skewness  |Omin « W
<Smax o Ay

< angle

As in the case of the DIAGNOSTIC menu for connectors, Next
Page must be clicked to reveal the Done button to return.

Examining and Correctin.ngrids



Examine Domains (Continued)

Here, the Size Function has
been chosen (note the Size 28 Comieiols. it
identifier next to Function in EXAMINE | ettons to

step through all picked

Gridoagn 15.06

the menu). The two domains agnost & FureiTon.

Global: 2 domains

that make up the front surface | .

ea)
global max = 2.19_631E-002

of the mesh have been chosen,  |siss sin - i.sss05e-00s

above range =

e S1Z€LArea)

0
in range = 110%

and their cell faces are now betow Finge -
color coded by area. The color
scale on the left of the display
window shows the
corresponding areas in model ome——| |

Focus n |Prev
£

units. Again, note the summary [aetiae.
Mode [©Local o #Global ~o

information in the blackboard

. <on h| & Off Ah
WlndOW kbrd Rot Pt
. to min f to max £
Pick More enfl
Abort esc
Display Commands Ag
Help

PiHINTWIME®

Examining and Correctin.g; Grids



Examine Domains (Continued)

Next, the Aspect Ratio has
been chosen (note the identifier | « &8s i
next to Function in the menu). |59 oo cutrere 1

step through all picked
entities and select a

Some Ce”s appear to have diagnostic function.

Global: 2 domains

aspect ratios greater than 10, a |77 e

tio
global max = 1.01148E+001
global avg = 2.11485E+000

problem for some solvers. To souad aif = 1.0016E+000

above range =

Gridagy 15.06

Aspect Ratio
max

0
in range = 110%

find these, some changes to
the display may be useful. This
can be done by clicking the
Solid+Wire button next to

Display.

Focus n | Prev  An

Function [Aspect Ratio f

Display |Solid+Wire t
Mode [OLocal o #Global ~o
Hiliter =
< on h|®0ff Ah
kbrd Rot Pt
to min f to max f
Pick More enfl
Abort esc
Display Commands Ag

Help

PiRINTWIME®

Examining and Correctin.g; Grids



Examine Domains (Continued)
P))»») _ SGridaen

First, Maximum is selected EEK
under Color Bar Values,
and then Type-In is picked
so that 10 can be entered
via the keyboard.

Gridage 15.06
2 Blocks, 13 Domains
25 Connectors, 14 Nodes
10 DBs, generic 3D

DISPLAY TYPES

Choose how ¥ou want the
diggnostic function
displaved.

Global: 2 domains
f = Aspect Ratio
alobal max = 1.01148E+001
lobal avg = 2.11445E+000
lobal min = 1.00148E+000

. Aspect RG‘EIO
10,0000

o
10
10000
12

ajove range = 8
in range = 1093

Next, Above is toggled selph Fovee =
under Show Cells __ ?
Range so that only those
cells with aspect ratios
above 10 will be highlighted. e

Displyy Style

O\ ©hide d
OsoNd hi\®@solid/wir e
\Qolor Bu\ Type

Then, Histogram is togg_led -l
to provide more information __ Color\ar gges

on numbers of cells vs. their ~

\,
Show Cells __7. Range

aspect ratlos (CBelow 7|C1In 8| HAAbove 9

Tets MPyramids
Shr ink 1.0 i

8,
qr
1

7
g

gl
.‘.
A

F,.
L

MHistogram |
Clicking Done returns to. —— o

Help 7|

the previous menu. PomTVISE"

Examining and Correctin.g'; Grids



Examine Domains (Continued)

Finally, Skewness is chosen, EEX
with the angle option. As the
plot shows, all the cells in these | 5&HE w surtens 1

step through all picked
entities and select a

domains have Very IOW diagnostic function.

skewness (a good thing). 2 St ety

global max = §.19379E-001
globﬁl min = 4.45088E-007

above range = 0
in range = 110%

In this case, the Hiliter has e e -
also been turned on and a set | "I
of cell indices (45, 6) entered

via the kbrd. As a result,

Gridgen highlights the cell’s S —

Funct ion [Skewness £| =2

location in the display window Dispiay JSoidsuire 1

Mode |OLocal o @ Global Ao

and shows its skewness value

45, é)

1157E+000
2834E-001
00000E+000
5813E-002

“hNw X
nnnn
b
oonn

—

L7 i, NN

-§
RSSO,

777

. . *0n h[ < OfF h \\‘

in the blackboard window. Okbrd_pad.|Rot Pr_O_l ... N
Pick More ent | §%§%\
Abort esc \\\,\\
Display Commands Ad S Sl
Help ? y

PRINTWIME®
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Examine Blocks
S>> D> > > > > > Sdaen

As before, clicking on None in the EXAMINE menu —_— EXAMINE————
opens the DIAGNOSTIC submenu where the diagnostic =20 Jism mlow o

; ; Funct iorP|None f
function to be applied can be chosen. Display [Solidehire -

Usage will show what entities utilize or are \PT‘EEDIAGNOSTIC robal fo.

e Next Page R

utilized by the selected block(s). > Nome oUsage X ul]o_ K
& \ QZ Ak
Size will show the cell volumes —— o = \\ AT
1Z¢
in the selected block(s). > oV \\4
. . , /VQJacobidn jlljpos anent |
Jacobian will show cell's pos, pos skew, Opos skew \
. L
zero, neg skew, neg Jacobian, as toggled. Cines sker . I
CIneg
. . . - ent
Aspect Ratio will show ratio of average length to Sz [ lg o
. . esc
average width of the cells in the block(s). Smooth |- o | =
: . : : & ?
Skewness will show cell’'s minimum included angle (min o), —— a
maximum included angle (max a), or the maximum ratio of cell’s Skewness |g:;: ——
included angle to equilateral triangle angle (angle). Oangle |
<

As in the case of the DIAGNOSTIC menus for connectors and domains,
Next Page must be clicked to reveal the Done button to return.

Examining and Correctin.g:Grids



Examine Blocks (Continued)
> > > > > > > > > >

Cell Jacobian Classifications

Jacobian Menu Corner Jacobian | Corner Jacobian
Classification Button Avg. Value Signs
Positive pos Positive All Positive
Positive Skew | pos skew Positive Mixed
Zero Zero Zero N/A
Negative Skew | neg skew Negative Mixed
Negative heg Negative All Negative

Examining and Correctin.g' Grids




Examine Blocks (Continued)
> > > > > > > > > >

In this case, the positive (Pos) _
Jacobian for both blocks is 28 SigitSiold, S STRe

, generic

being plotted. The blackboard o

step through all picked
enf‘ijﬂes ug}d.l seleg} a

window in this case shows the dfcgnost " functfon.

Global: 2 blocks

number Of CeIIS in a" five f1=bJ?cobiq: o A it . Jacobian
Jacobian classifications (all

positive in this instance). berds FRES =
1 Pos Skew 0
| Zero 0
(] Neg Skew g

1 Negative
Total 1102

XAMINE
Focus |Nex+ n|Prev A o

Function |Jacobian f
Display |SolidtWire t
Mode [GLocal o #Global Ao
Hiliter |@#off e o iond
Topo (0§ (|0 ilo &k
Phy |OX Ai[OY AJ[OZ Ak|
Y[~ ~|A]|F
Okbrd pad.|Rot Pt O m
Cto min f 0| Oto max £ 1

Ref Surf MPermanent

Save al|Crinkle c
Flat l|Cells s
Erase Cur. d|Erase All Ad
Pick More enfl
Abort esc
Display Commancds Ag
Help ?

PiRINTWINE®
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Examine Blocks (Continued)
> > > > > > > > > >

The Hiliter can be used to e e ve

examine cells on various o4 3858 TR

s, generic 3D

surfaces within the block(s). P

step through all picked
lect o

There are two hiliters available, |Hsseenade

Global: 2 blocks

topological and physical.

global max = 2.1_8631E-003
global min = 1.53809E-005

Topo (topological) displays PO IR Dm0

below range =

constant computational

ero
[1 Neg Skew 0
(1 Negative Q

coordinate planes (§, ), ) for [ wa™ e —
structured grids blocks. Here a | "% e
surface of constant 1 is shown.

Focus \Nexf n|Preu An| au

2

-9.
-7.
1.

o=

Y
X
¥
z

Function |Jacobian f

The plane can be moved in the  [Zsei st
chosen coordinate direction by  paregoers e
Phy |&X AL|OY AJ[OZ Ak

using the arrow keys on the Vv [ AT AT

O kbrd pad.|[Rot Pt O m

keyboard or the row Of arrow Oto min £ 0| Oto max f 1

Ref Surf CIPermanent

Save alCrinkle

buttons (3, etc.) in the menu.

Erase Cur. d|Erase All Ad

Pick More enfl

Abort esc
Display Commands Ad
Help ?

PRINTWIME®
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Examine Blocks (Continued)
> > > > > > > > > >

In the case of a prism block,
—pparidaen 15.05

only planes in the extrusion 28 S l? TR

gener ic 3D

direction can be displayed in D*NE —

step through all picked
entities and select o

Topo mode’ aS ShOWn here- diagnostic function.

Global: 2 blocks

= Jaci Jacobian
global max = 2 18631E 003 o ;

global min = 1 53809E 005

above range = 0
in range = 11020
below range = 0
[l Positive 11020 (100.0)
[1 Pos Skew 0
| Zero 0
[1 Neg Skew 0
(1 Negative Q
Total 11020
entity 2
oCELL y(r 23, 1
x= 6. 708356E 001
y = -5.294824E
Z = 4.000600F- 001
EXAMINE
Focus \Nexf n|Preu An| au
Function |Jacobian f
Display |Solid+Wire t

Mode [OlLocal o #Global Ao

Hiliter |Qoff  e| lcitend
Topo | G&0 | G| @k
Phy |OX Ai|OY AJ[0OZ Ak| mn
Y ¥ [~ |A|AF
O kbrd pad.|[Rot Pt O m
Oto min £ 0| Oto max f 1

Ref Surf CIPermanent

Save alCrinkle c
Flat llcells s
Erase Cur. d|Erase All Ad
Pick More enfl
Abort esc
Display Commands Ad

Help ?

PRINTWIME®
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Examine Blocks (Continued)

-

Phy (physical) displays constant
Cartesian coordinate cuts (X, Y,
Z). The cutting plane (Flat) at
that location or the layer of cells
(Cells) intersecting that surface
can be shown. Here the cells
cut through a surface of
constant X are shown.

If L1 Permanent is toggled,
existing slices shown in display
window are retained when a
new one is created. If not, the
previous plots are removed
when a new one is made.

li‘i‘lg!l:ll 15.06
2 Blocks, 13 Domains
25 Connectors, 14 Nodes
10 DBs, generic 3D

EXAMINE
Use the menu butto
step through all p
entities and select
diagnostic function.

tons to
icked
a

Global: 2 blocks
f = Jacobian =
globdl max = 2.18631E-003
global min = 1.53809E-005
above range 0
11020
0
11028 (100.0)

0
0
0

11020
7.818759E-001

= 5.1149564E-001

= 2.000000E+000

E

838z

62026 383
o0

o ¢
JFs I3 5.2

234 -
+2@ Q0
x+3 @ @ £3
HaNn—+ sas
(4] ca

baZaZad
~ee
0S5
=
je2iwg

An| aw
Function [Jacobian f

Display |Solid+Wire t

Mode [OLocal o #Global ~o

Hiliter |Ooff e[ = tond

Topo |C0& i|© ile k

Phy |®X Ai|OY AJ[OZ Ak| g FEEEEEEE

Y[ Y|~ A AT

X kbrd pad. |[Eot Pt
to min f to max f

Ref Surf Permanent

Save Crinkle

Flat 1|Cells s
Erase Cur. d|Erase All Ad
Pick More enfl
Abort

Display Commands

Help

EEX

PiHINTWIME®
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Examine Blocks (Continued)
> > > > > > > > > > >

For tet meshes, Crinkle is
available. Here, for every 28 kol SIS
touched tetrahedral cell that BN e te

step through all picked
entities and select o

has only three of its four faces  [Siasmesicuneiten.

Global: 2 blocks

cut by the plane, the fourth

nts:
loaded: 10297 of 10297
i 5929 (& 1)

EEX

Gridagy 15.06

uncut face becomes part of the |&eEe: &
crinkle surface. The resulting T e e

.049578E-024
.Q00000E-001
.000000E+000

three-dimensional surface is et =
not flat, but resembles a
crinkled sheet of foil — hence

the name. e

Focus n | Prev An

Funct ion |None f
Display |Solid+Wire t

Mode [OLocal o/ #Global Ao

This example also shows that if 1t Joort o] - o
. . Topo |© & o o
no function (None) is selected, [ oxsiovaiez &

Z kbrd pad. |Rot Pt

only the mesh itselfisrendered. |

Ref Surf MPermanent

L

e
Ay N
B

Save Crinkle c
Flat 1l|Cells s
|Erase Cur. d|Erase All Ad
Pick More enfl
Abort esc
Display Commands Ad
Help 7

PRINTWIME®
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Solving Grid Problems
> > > > > > > > > >

O The vast majority of cell issues encountered in Gridgen result from
either (or both):

O Connector point distribution or shape problems.
O Domain point distribution or shape problems.
O Checkto see if:
O A change to a connector distribution requires a domain update.

O A connector and/or domain projection has resulted in poor shape or
distribution.

O Adjacent domains’ interiors intersect or cross.

O Opposing distributions cause excessive pull or twist in the grid
interior.

Examining and Correctin.g'; Grids



GridgenTraining
> > > > > > > > > >

O In this session:
O Building 3D Unstructured Grids.
O (Re)Dimensioning and (Re)Distributing Unstructured Grids.
O Examining and Correcting Grids.
O Tutorial: “Pierced Elbow: Basic Unstructured Grid.”

Review



GridgenTraining
> > > > > > > > > >

O In this session:

O Building 2D Structured Extruded Grids.

O Building 3D Structured Extruded Grids.

O Tutorial: “Swept Ramp: Advanced Multi Block Structured Grid.”
O Building 3D Unstructured Extruded Grids.
Q
Q

Creating Hybrid Grids.
Tutorial: “Droplet in a Cylinder: Hybrid Grid.”

Overview /.



Building Structured Extruded Grids
> > > > > > > > > > > > _fidaen

Extrusion is another means of quickly building
meshes with Gridgen. 2D domains can be easily
extruded from connectors or edges, while 3D
blocks can be readily extruded from domains ]
or faces. In either case, there are a number
of different marching schemes available:

O Hyperbolic. =
O Normal.

O Rotational.

O Translational. =
O Path.

Let’s first look at applying these to build
structured extruded grids. Since the steps to
select analysis software, import geometry, create -
connectors, and dimension them are unchanged, they
will be skipped

| Building 2D Structured Extgu”ded Grids



The “Bottom-Up”"Gridgen Process

Select Analysis Software and Mesh Dimensionality

I

Import and Manipulate Database Geometry

J

Create Segments and Connectors

I

Dimension Connectors and Distribute Grid Points

J

Extrude Domains

I

Assemble Blocks

J

Setup CFD Analysis Boundaries

I

Export and Save Files

Building 2D Structured Ext_ru'ded Grids



Creating Demo Connectors
> > > > > > > > > >

For the classroom extrusion demos, it will
be convenient to define the system of
three connectors shown below.

1. Import the airfoil database file (reext.dba).

2. Create connectors on the upper and lower airfoil database entities.

3. Dimension them to 20 and set As to 0.01 on both at the airfoil leading edge.
4. Create a two point connector from 1,0,0 (the trailing edge) to 2,0,0.

5. Dimension this connector to 6.

6. Save the file for later use.

Building 2D Structured Extr_u'ded Grids



Extrude Domains
S>> D> > > > > > Sdaen

With one or more dimensioned

connectors in place, domains can be MAIN MENU
extruded from either the individual Joeul/outeut -
— DOMAIN COMMANDS
connectors or an edge formed by Connoot — nTHodiFy
combining the connectors. Blocks /o0 CREATE DOMAIN
Analvsis;és/w Periodic |l o_Cell Type J#structured
Tutoria & + t d
From the MAIN MENU, select Defaulfs Breal ,,m/ unstructure
D ins t the DOMAIN Glyph Run Solver Asseplbile Edges 1]
omains 1o open € Layer Manager | 1= By BC |Qn/[:|B Entities
COMMANDS submenu. Restart Gridgepeqmensiop &rl AUto Join [Set Angle
Quit Gridgen : L Auto Mergeo|Set Toler
From here, select Create to open cons ClDoms D ‘ZES:/'%H: Con Split i|Set Angle
CREATE DOMAINS Dfl1t T|I/0 E - Extrude qFrom Cons 9
. Gult @fSave ene From An Edge0
_ Cons C|Doms D! T 'pn/gu’l/f/VST _—
Be sure that the Cell Type is set to DFLt T|1/0 E|In““//i;1,i ze“ ey Dl
structured. Quit alsave SEZ=<rr [Aligned
. . . Abort - Done Creating esc
Next, it's time to select either From Cons Display Commands A
Help ?

(connectors) or From An Edge to choose
which will be the basis of the extrusion.

Building 2D Structured Extl__r_ubled Grids



Cons vs. Edges
P))»»»»)—

From Cons — A separate extrusion is
performed on each individual
connector selected, thus allowing
each to have it's own extrusion
attributes. A floating boundary
condition is applied at shared nodes
so adjacent extrusions blend
smoothly. Each connector extrudes
to a separate domain.

From An Edge — The selected
connectors form a single edge from
which a single new domain is
extruded.

Generally, From An Edge is preferred
for mesh quality and extrusion
algorithm numerical stability reasons.

1

ORI
et

]
7
7

St S ]

SQ

=—EX

TRUDE CONNECTORS=——

Scroll

0

Pick

Page

Dot

Set to

Domain
1

SortBy

Pick by

0
Defining the First Edge

Done =

==CREATE EXTRUSION EDGE=

If From Cons was selected, the
EXTRUDE CONNECTORS
submenu appears. Connectors can
then be picked by mouse from the
browser window or directly from the
display window. When picking is
finished, Done is clicked.

If From An Edge was selected,
the CREATE EXTRUSION
EDGE submenu appears. The
edge is formed in the same
manner as with the Assemble
Edges command. Once con-
nectors begin to be added,

Merge =——CREATE EXTRUSION EDGE=

Erase Last Connector

=1 the menu changes to reveal

Abor t

Restart Edge

ol more commands. Save Edge

Help
Merge Entities

Save Edge

® is clicked when the edge is

Abort

e5C

ent
complete.

Help

?

Building 2D Structured Extr_u'bled Grids



Extrusion Attributes

> > > > > > > > > > > > _Grideen

Extrusion - CPAUSE)
Marching Step # 0

When the connector(s) or edge for the
extrusion is defined, the DOMAIN
EXTRUSION menu appears, but before
marching through the extrusion, there
are several attributes for the process that
need to be set or, at least, reviewed.

DOMAIN EXTRUSION

Fause |Run s |Back
Run 1 1|Back 1
Run N n|Back N
Restart Ag)

Set Attributes <—

g

Set Stop Criteria

Done

'\ Selecting Set Attributes brings up

Abort

eSC

Help

?

the EXTRUSION ATTRIBS

submenu, with the blackboard
window now showing the current
values for most of the attributes.

Domain Num 2 : 15x 1
Shape: Free
Smoothin

Explici =
Implicit =
KinseyBarth =
Volume =
Aspect Ratio Fct

Normal Spacing
Initial Az = 1.0000E-002
Growth Rate = 1.100

Boundary Conditions

=5 oomo
[=l=lm]]

.9
.0
.0
.9
= 0.00

Connection

EXTRUSION ATTRIBS

Focus [Next n|Prev #~n
Apply to (< Focus|#All As
Type [®Hyp & Nrml

< Rot & Tran

< Path
As  |Init 5|Min  é|Max 7
Growth Rate |#Geometric a
Set 8|<$ Subcon b
March |#Plane |<Vector
Set e|lFlip d

Boundary Conditions

Advanced Settings

Done

Help ?

Building 2D Structured Extl__r_ubled Grids



Extrusion Types

222222 22> > > > > Lideen

Domcain Num 2 : 18x 1
Shape: Free
Smoothin

Explici = 0.50
Implicit =1.00
KinseyBarth = 0.00
Yolume = 0.50

Aspect Ratio Fetr = 0.00

Normal Spacing
Initial Az = 1.0000E-002
Growth Rate = 1.100

Boundary Conditions

Connection

=——=EXTRUSION ATTRIBS=——

Focus |[Next n|Prev An
Apply to (<& Focus|€#All ~s
Tvpe & Hyp < Nrml
< Rot < Tran

< Path

a8 |Init 5|Min  é|Max 7

Growth Rate |#Geometric o
Set  8|< Subcon b

WQPlane CVector
Set elFlip d
Boundary Conditions c|
Advanced Settings 1'|
Done ent
Help ?

The first attribute that needs to be selected is the Type as this will
determine the basic character of the domain to be extruded and also bring
up the appropriate command buttons to define the extrusion:

Hyperbolic (Hyp) — Based on the solution of a set of PDEs prescribing a
orthogonal trajectory for the grid lines from the initial grid entity.

Normal (Nrml) — An algebraic method that mimics the hyperbolic
technique. The hyperbolic method is preferred.

Rotational (Rot) — An algebraic method that sweeps grid in a circular path
about a prescribed axis.

Translational (Tran) — An algebraic method that sweeps grid in a linear
path in a prescribed direction.

Path — An algebraic method that sweeps grid along a connector defined
path.

Building 2D Structured Extl__r_ubled Grids



Hyp and Nrml| Extrusion Attributes
P))»»»»)—

Domain Num 2 :
Shape: Free
Smoothin
Explici
Implicit
KinseyBarth
Yolume =
Aspect Ratio Fet

Normal Spacing
Initial Az = 1. OOOOE 002
Growth Rate = 1.1

Boundary Conditi ons

- OGP—‘Q
1] I'.'IIGOI'JI
ooOoOo

0.00

Connection

=—=FXT ION ATTRI
Focus |[Next Prev An

Apply to ocus | ALl As
Type [®Hyp < Nre

If extruding from a set of connectors, Focus
allows the attributes to be set for individual
connectors. This feature is not available if
extruding from an edge.

Hyp or Nrml are the Type of extrusion set.

The initial spacing, As Init, for the extruded
cells can be set, as can the characteristics of
the Growth Rate.

If necessary, flip can be used to change

CRot & Tra . . .
L oFdth the marching direction.
As |Init h 6|Max 7 3y
Growth Rate |#Geometric a Before % bog b T ;— JiI—u &
Set 8|OSubcon b ‘ ' v )
March |#Plane |<Yector AP % 4:
Set e|Flip d After f% . — .
Boundary Conditions c:::::::::::::::==‘ ¢ w % w ?
Advanced Settings t . .
-~ — Boundary Conditions and Advanced Settings
Help ? opens more menus for setting additional controls.

Building 2D Structured Extr_u'bled Grids



Hyp and Nrml| Boundary Conditions
P)»»»»»—

Domain Mum : 27x Once the desired boundaries have Domain Num

Emgzi’hiﬁr“ been selected (by picking the Emgﬂfhigree

Teprich = appropriate color coded boxes), the Expiei =
Solamerarth 2 3-89 boundary conditions can be Set. SopoeyBarth = 8-29
Aspect Ratio Fceir = 0.00 Aspect Ratio Fetr = 0.00
T ol as "2 1 0000E+9b0 Splay sets the degree of T ol as "2 1 0000E+000

Growth Rate = 1.000
Boundary Conditions

Splay = 0.100

Growth Rate = 1.000
Boundary Conditions

Splay = 0.100

marching front expansion.

Step Suppression lags or
accelerates the marching
front at nodes.

———EXTRUSION BCS——F ==SELECT FOR  EDGE=—
[ Focus | / | / Symmetry X, Y, Z provides | Focus | |

Edges 1 m 2 true symmetry boundary Splay s

All al|None o|Set s condition involving ghost. Step Suppression Ag

Done Setting BCs ent Symmetry |X 1Y 2

Help ¢ Constant X, Y, Z forces constant ~—~——{Constant |§ : v -
value boundary condition. Gridlines 7

may intersect symmetry plane non- Done Setting BCs p—
normal. Help 2

Building 2D Structured Extr_u'bled Grids



Hyp and Nrml| BC Effects
S>> DD D> D> > >

The effect of varying Splay or holding a below. Note that even zero Splay still

Constant X at the downstream edge of leads to a slight downstream drift in the
the advancing grid front is shown boundary as marching progresses.
] — o [T P su S
§ I
. | J’
: | = | S
E = : __{ = — -_# = = =
= - { 1 1 —T—1 o jl
S F
- LT 17T 1]
Splay = 0.1 (Default) Splay = 0.0 Constant X

Building 2D Structured Ext_ru'ded Grids



Hyp and Nrml| BC Efrects
> D> > D> D Sﬂ‘ﬂ‘

The effect of Step Suppression for Nrml  Suppression of 0, on the right it set to

extrusions is illustrated below. The outer —0.5. The negative coefficient retards the
portion of the grids is generated first by extrusion front at the boundaries of the
extruding inward from the four connectors  growing domains, producing a more

on the outer edge - on the left with the square middle region. This leads to a

default Step better quality H grid in the center.

Building 2D Structured Extr_u'ded Grids



Hyp and Nrml Extrusion

Extrusion - (Pavse) BT After selecting Done in the
Marehing Step # 0 | Extrusion - (PAUSE) EXTRUSION ATTRIBS menu, the
flarehing Step # 0 marching process can begin back
st i Gl in the DOMAIN EXTRUSION
Doro, | Ve Skew: oF menu. Extrusion can be advanced
Negative Skewi 0n .
Tofal hefont [ O one layer at a time (Run 1), for
n. oW ANg - . .
e multiple layers (Run N), or until a
DOMAIN EKTRUSIONE/ variety of criteria are met (Set
Pause |Run s |Bagk]| ; .
Run 1_ 317 | ——ENTER EXPRESSION- Stop Criteria).
BNl Bock :** If the latter two are selected, the
Set Attributes = STOP_CRITERIA windows change to offer
Set Stop Critferia c Jacobian  |MApos skew 1 . .
o | = 2| appropriate options to complete
sbort gnes skew 3 the selection process.
telp ! OTotal Height 5|Set As|
[] Skewness 6|set a6
[JAspect Ratio 7|set 7|
Done ent
Help 7

Building 2D Structured Extr_u'ded Grids



> > > > > > > > > > O

Rot Extrusion Attributes

AXis
X-Axis

Domain Hum 1 : 49x 1
Shape: Free
Angle

Total Angle = 90.000

The key attributes in a rotational (Rot) extrusion are the
ROTATION ANGLE and the ROTATION AXIS. These can be
defined by picking from the display or typing via the keyboard.

Rotational extrusions are generally more useful in extruding 3D
blocks than for 2D domains.

4 ROTATION ANGLE
Enter via Keybd I Domain Num 1 : 49x 1
EXTRUSION ATTRIBS Pick Endpoints 2 Shape: Free
Focus |MNext Prev Done Setting Angle ent A?g%g1 Angle = 90.000
Apply to|® Focus|<$all Help 7 Axis
Type < Hyp < Nrml ST
lEr ol y———ROTATION AXIS
&/ Axis Pt 1 |via Keybd 1
Total Rotation Angle 1 via Picking 2
Set Rotation Axis 2 Axis Pt 2 |uiq Keybed 3
March |®Plane |© Vector via Picking 4
Set  eo|Flip d Axyz Keybd 8 Keyboard
Advanced Settings 1| el s E entry for
Use Y-Axis 7 . .
— ot e - ENTER EXPRESSION——| 545 points
Help ? Done Setting Axis ent Enfc ent - = -
el = — csc| IS similar.

Building 2D Structured Extr_u'ded Grids



ettt

With the key attributes set,
all that remains is to define
the number of steps that
will be taken to march
through the specified
rotation angle. Once Run
N is clicked, this can be
entered via the keyboard.

Note that the rotation axis
defined for the extrusion is
shown in the display
window. In this case, the
axis was defined as
stretching from 0,-0.5,0 to
1,-0.5,0. The inset image
shows the extruded grid.

Rot Extrusion

li:j‘!g!]gll 15.06
0 Blocks, 1 Domains
3 Connectors, 3 Nodes
DBs, generic 3D

EXTRUSION:

Run/Pause domain extrusion
or modify the extrusion
parameters using one of
the menu buttons below.

Extrusion - (PAUSE)
Marching Step # 1]

DOMAIN EXTRUSION
Pause |Run Back
Run 1 Back 1
Run N n|fack I
Restart Ag
Set Attributes Ag
Set Stop Criteria c

Done |

Abor t escl
Help 7|

PRINTWIME®

Building 2D Structured Ext_r_u'ded Grids




Tran Extrusion Attributes
The key attributes in a translational (Tran) eruion are the

> > > > > > > > > > >
TRANSLATION DISTANCE and the TRANSLATION VECTOR.
These can be defined by picking from the display or typing via

Translational extrusions are equally effective in generating 2D
: 39x 1

Domain Num 1 39x 1
Shape: Free
Distance
Ref. Dist. = 5.000E-001
Total Dist. = 1.000E+000
Veclor
-AXIS
the keyboard.
domains or 3D blocks.
Domain Num 1
TRANSLATION DISTANCE—| S
— — Distance
ST TN RS RIEIE S : Ref. Dist. = 5,000E-001
Focus |-/ Prev lE'f'*irE";"' '_‘e‘:r'bd ;I Total Dist. = 1.000E+000
(= NApCINTS Yector
Apply to|# Focus|<All )
p$ L4 Done Setting Distance ent | X-Axis
vpe < Hyp < Nrml — 7|
< Rot & Tran elp :
< Path
Total Translation Dist 1 TRANSLATION VECTOR==
Set Translation Yector 2 Enter Yector via Kevbd 1 Keyboard
& Yector Pick Endpoints 2 entry for
Flip d Use X-Axis 3 .
- Ueo Y-Axic P translation
Use Z-Axls . ENTER EXPRESSION——| | o tor is
Done Setting Vector ent Enter ent o
? PP esc| Similar.

Advanced Settings

March |#Plane
Set =
ent
? Help
Building 2D Structured Extr_u'ded Grids

Done
Help




Tran Extrusion
b))»»»)

With the key attributes set, e = HES
all that remains is to define 2°c5§§§5?;;%£?iﬁé§§s

the number of steps that RSO onain oxtrus o

will be taken to march the R R

specified distance. Once Bl . e

Run N is clicked, this can
be entered via the

keyboard.

Note that the translation o
vector defined for the Restart g
extrusion is shown in the et step eriferta___.
display window. In this o =

case, the vector was
defined as 1,1,1. The inset
image shows the extruded
grid.

PiRINTWIME®
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Unlike rotational and translational extrusions, the direction and,
to a large extent, the distance that a path extrusion will
encompass are defined not by any set attributes, but rather the

dimensioned connector(s) that make up the path, since
successive layers are spaced according to the node distribution
Once Pick Path Cons is selected, the

49% 1

Path Extrusion Attributes
S>> D> D> > > > > > > Srdaen

menu changes and the connector(s)
that will make up the path can be
picked via the mouse from the display

Domain Num 1

Shape: Free
Path

None picked

h

0

along these connector(s).
——PATH FROM SUBCONNS——|
del
window. Various options for erasing

Erase Last SubConn.
ent |

“ " subconnectors from the path,
are also available. Done Picking

Reverse the Direction

Restart String
Done Picking Subconns.

EXTRUSION ATTRIBS=——
Abort
— Path Rotations controls whether reversing the direction of the path, etc

Focus
Apply to|¢ O
Type |<OHyp O Nrml
<Rot < Tran
& Path
— Help
Pick Path Cons 1
MPath Rotations
en:' successive extrusion layers will
7/ maintain the same relative angle g, bconns. ends path selection
to the path — toggled off gives a

Advanced Settings

Building 2D Structured Extr_u'bled Grids

Done
Help




Path Extrusion
b))»»»)

With the path selected, all e tiiagy 10.05

that remains is to define 4"55§§§3s;.%§$iﬁé§3s
the number of nodes to be
marched down the path e
connector(s). Once Run N i W
Is clicked, this can be

entered via the keyboard.

NOte that the pa‘th DOMAIN EXTRUSION

Pause |Run s |Back
connector(s) are shown as R de | oo Rotations

are their nodes in the retars m
display window. R —
Abort esc|
Help _7|
The inset images show the , i
N—

resulting extrusions, with
and without the Path
Rotations toggle selected.

PiRINTWIME®

Building 2D Structured Extr_u'ded Grids



3D Structured Extruaed

INg

Id

Bul

!

Just as 2D domains can be easily extruded from

3D blocks can be readily

extruded from domains or faces. Indeed, the
techniques are basically the same, and the

same marching schemes are available:

connectors or edges

O Hyperbolic.
O Normal.

O Rotational.

O Translational.

o Path.
Building on our 2D extrusion experience,

s continue onto building 3D structured
blocks. As before, we’ll skip the initial steps

let

to select analysis software, import geometry,
create connectors, and assemble domains.

T A
T
L T
/,,,////,/, /////di SRRV
I T R T T

)
=
|-
O
ge |
(<}
Lo
e
X
L
©
(<b]
(.
=)
)
(&)
=
—
)
(7))
O
o
(@)
=
154
=
m




The “Bottom-Up”"Gridgen Process

Select Analysis Software and Mesh Dimensionality

I

Import and Manipulate Database Geometry

J

Create Segments and Connectors

I

Dimension Connectors and Distribute Grid Points

I

Create Domains

I

Extrude Blocks

I

Setup CFD Analysis Boundaries

I

Export and Save Files

Building 3D Structured Ext_ru'ded Grids



Extrude Blocks
D> D> D> D> D> D> D> > >

With one or more domains in place,

blocks can be extruded from either MAIN MENU
the individual domains or a face Joeul/outeut °
1N Connectors BLOCK COMMANDS
formed by combining them. — — e R
locks Copy Delete
From the MAIN MENU, select Blocks snalysis S| Run Solver | Streire
NSTrcTr
to open the BLOCK COMMANDS Defaylts ——— =
61 yﬁh edimension Grids CREATE e
submenu. Kayer Manager |-l Cell Type.|®structured
Restart orldge{En/Disable T—S-L Ecy éatruotured
From here, select Create to open Quit Gridgen [T Lo B@aces 1|
CREATE BLOCK Cons C|Doms D gone Extrude JFrom Doms
. Con Doms D
z:::.: ; ;;Se s oflt T|1/0 EAb rt - ue/::::glrdc:s:
. Quit &|Save
Be sure that the Cell Type is set to 5;?;1/q>/;/mmands "o

structured. /

Next, it's time to select either From Doms
(domains) or From A Face to choose which
will be the basis of the extrusion.

Building 3D Structured Extr_u'ded Grids



Doms vs. Faces
S>> D> D> > > > > > > Srdaen

From Doms — A separate extrusion is If From Doms was selected, the
performed on each individual domain EXTRUDE DOMAINS submenu
selected, thus allowing each to have appears. Domains can then be

picked by mouse from the browser
window or directly from the display
window. When picking is finished,

it’s own extrusion attributes. A floating
boundary condition is applied at shared
connectors so adjacent extrusions

blend smoothly. Each domain extrudes —&;Pmuee oms—— Done is clicked.
- |23
to a separate block. Fick
Boet
Set to
SortBy 1

From A Face — The selected domains i
form a single face from which a single e
9 9 foneen If From An Face was selected,

new block is extruded. T4 the ASSMBL EXTRUD FAC
— s o re—— submenu appears. The face is

As might be expected from the case of e bie~ 1| formed in the same manner as

domain extrusion, From A Faceis Coomain o 1] With the Assemble Faces

preferred for mesh quality and extrusion Erssebenl Plka sllest 61 0 ymand. Once complete, Save

algorithm numerical stability reasons. Save the Face =l the Face is selected to finish the
ey ~%| process.

Building 3D Structured Extr_u'bled Grids



(PAUSE)
Mdarching Step # 0

Extrusion -

Extrusion Attributes
D> D> D> D> D> D> D> > >

When the domain(s) or face for the
extrusion is defined, the BLOCK
EXTRUSION menu appears, but before
marching through the extrusion, there
are several attributes for the process that
need to be set or, at least, reviewed.

=——BLOCK EXTRUSION

Pause |Run 5 |Back
Run 1 1|Back 1
Run N n|EBack N
Restart Ag)
Set Attributes Y—U Ag

Set Stop Criteria

Done

T

Abort

eSC

Help

?

Selecting Set Attributes brings up
the EXTRUSION ATTRIBS
submenu, with the blackboard
window now showing the current
values for most of the attributes.

t

Aspect Ratio

Normal Spacing
Initial Az = 1.0000E-002
Growth Rate = 1.100

Boundary Conditions
Splay = 0.100

EXTRUSION ATTRIBS——

Focus |lout Prev

Apply to|# Focus|<OAll

Type & Hyp < Nrml
& Rot < Tran

o Path
as  |Init 5|Min  &|Max 7
Growth Rate |#Geometric a
Set &

< Subcon b

March |(#Plane |©VYector

Set Flip d

Boundary Conditions c |

Advanced Settings t |

Done
Help ?

Building 3D Structured Extl__r_ubled Grids



As with domain extrusion, the first attribute that needs to be selected is the
Type as this will determine the basic character of the block to be extruded

and bring up the appropriate options defining the extrusion:
Hyperbolic (Hyp) — Based on the solution of a set of PDEs prescribing a

Extrusion Types
S>> 2> 2> 2y Auldeen

orthogonal trajectory for the grid lines from the initial grid entity.

Aspect Ratio
Normal Spacing
Initial As

Growth Rate = 1.
Boundary Conditions

Normal (Nrml) — An algebraic method that mimics the hyperbolic

Splay = 0.100

EXTRUSION ATTRIBS
Prev

= 1.0000E-002
100
technique. The hyperbolic method is preferred.
Rotational (Rot) — An algebraic method that sweeps grid in a circular path

< All

<& Nrml

< Tran

< Path

Min 6|Max 7

# Geometric a
b

A5 |Init &
Growth Rate
Set  8|< Subcon
& Yector
d

Flip

Harch |4 Plane
Set
Y path
ent )

Boundary Conditions
?

about a prescribed axis.
¢l Path — An algebraic method that sweeps grid along a connector defined

Next
% Focu

Focus
@ Hyp

Apply to
Type
< Rot

Translational (Tran) — An algebraic method that sweeps grid in a linear

path in a prescribed direction.

Building 3D Structured Extl__r_ubled Grids

Advanced Settings

Done
Help
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Tran Extrusion Attributes

> > > > > > > > > > O

Block Mum 1 : 49x 23x 1

Distance

Ref. Dist. = 1.637E+000
Total Dist. = 1.000E+000
Yector

X-Axis

EXTRUSION ATTRIBS

Focus (Next Prev
Apply to |4 Focus|<All
Type < Hyp < Nrml
< Rot ® Tran
< Path
Total Translation Dist 1
Set Translation Yector 2
March |(#Plane |©VYector
Set Flip d
Advanced Settings +|
Done ent
Help ?

As before, the key attributes in a translational (Tran) extrusion
are the TRANSLATION DISTANCE and the TRANSLATION
VECTOR. These can be defined by picking from the display or

typing via the keyboard.

!lock Mum 1 : 49x 23x 1

Distance

——TRANSLATION DISTANCE=—| e L e
Enter via Keybd 1] Vector ’ ’
Pick Endpoints 2| A o Tt
Done Setting Distance ent| Z= 1.0000E+000
Help ?|

TRANSLATION YECTOR=——
Enter Yector via Keybd 1 In the present
Pick Endpoints 2 example, the
— - vectoris 1,1, 1

ENTER EXPRESSION .

Use Z-Axis 5 Enter ent| and the distance
Done Setting Yector ent .
Help ? Abor t ese| IS 1.

Building 3D Structured Extr_u'ded Grids



Tran Extrusion
»)»»»»

With the key attributes set,

m‘m 15.06

all that remains is to define s"cﬁgggsgge‘r’s:ﬁgg:s
the number of steps that S

or modify the exfrusmn
parameters using one of

will taken to march the
specified distance. Once s
Run N is clicked, this can B T
be entered via the

keyboard. In this case, 20

will be input. |

BLOCK EXTRUSION

Pause |Run Back
Note that the translation
vector defined for the RETATIT "il ——
extrusion is shown in the e

display window. .

PRINTWIME®
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Tran Extrusion (Continued)
P))»»»»)—

After the steps are entered
and the Enter button is
clicked, this is the result. If
this is not the desired
outcome, the extrusion can
be reversed to the
beginning (Back), by one
step (Back 1), or by N step
(Back N). If the new block
Is satisfactory, Done can
be selected.

li‘fl!!!iill 15.06

0 Blocks, 1 Domains
& Connectors, § Nodes
DBs, generic 3D

EXTRUSION:

Run/Pause block extrusion
or modify the extrusion
parameters using one of
the menu buttons below.

Extrusion - (PAUSE)

Marching S g

In Lt Ar(k+1 5. 000E 002
ax Ar(k+1) :5.000E-002

Laver Stop Criterion

Min. Jacobian :4.440E-006

BLOCK EXTRUSION

Pause |Run |Buck a
Run 1 Back 1Al
Run N n|Back N~n

I

Restart Ag
Set Attributes Ag
Set Stop Criteria c
Done enfl
Abor t escl
Help 7|

PiRINTWIME®
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Building 3D Unstructured Extruded

Grids
S>> D> D> > D> > > > > > SLtidaen

As might be imagined, it's not possible to extrude
a 2D unstructured domain from a connector or
edge, which leaves extruding 3D prism blocks
from unstructured domains and faces. Many
aspects of this process are identical to those
already discussed with respect to structured

unstructured domains as the starting point for a

&
blocks, so won't be repeated here, but there Y
are some differences. For example, only "'{ LK DR
. y r
four marching schemes are available: / W%%‘?ﬁ%gggg%%s
o Normal. R v A e AV, v 7
| A TSI AA K X AL
o Rotational. {ng.lmOmﬂﬂhﬂﬁ'ﬁﬂm%rgﬁnfﬂﬂ
. K SIS o A
O Translational. NVAVAWANE: ... avav WD ‘uk‘l'lﬂ
NI LEAT A
o Path. KA OIS
, » : : ....-_aﬂgﬂf‘ 7K LN o
As we'll see, it's also possible to mix structured and \ AN A A
P a9 B

s“
é‘
i
4
Qy;
%
v




The “Bottom-Up”"Gridgen Process

Select Analysis Software and Mesh Dimensionality

I

Import and Manipulate Database Geometry

J

Create Segments and Connectors

I

Dimension Connectors and Distribute Grid Points

I

Create Domains

I

Extrude Blocks

I

Setup CFD Analysis Boundaries

I

Export and Save Files

Building 3D Unstructured Ex_tr'Uded Grids




Extrude Blocks

> > > > > > > > > > O

With one or more domains in place,

blocks can be extruded from either

the individual domains or a face

formed by combining them.

From the MAIN MENU, select Blocks

to open the BLOCK COMMANDS

submenu.

MAIN MENU

Input /Output e

Database f

Connectors c

Doma i ns BLOCK COMMANDS

Blocks !Cre-::’re n|Modify
/Andlvsis S.",U/ Copy Delete

Tutorials” Run Solver |oiruciurcd

Defaulté Unstrectrd

GLyph Redimension Grids Agl

L.cﬂrer Manager

Restart Gridger

Examine

CREATE BLOCK

From here, select Create to open /

|50| Cell Type |<_>s1'ruc1'ured

CREATE BLOCK.

Be sure that the Cell Type is set
unstructured.

Next, it's time to select either From Doms

En/Disable
Quit Gridgen . $®unstructured
Group [(Detine
Cons C|Doms [ mble Faces 1|
Done
Dflt T|I/0 E | Extrude AFrom Domgs 9
Quit @Save s(r%° oms D|B1
From A Face 0
[t T|1/0 E|aS D/
to ouit 9lSave S|pijAbort fie Creating esc
Display Commands Ag
2] ?

s

(domains) or From A Face to choose which

will be the basis of the extru

sion.

Building 3D Unstructured Ex_t.rhded Grids



Doms vs. Faces
S>> D> D> > > > > > > Srdaen

From Doms — For unstructured
domains that do not share any edges,
separate extrusions are performed on
each individual domain selected, thus
allowing each to have it's own
extrusion type. However, connected
unstructured domains will auto-
matically be combined into a single
face. For domains that do remain
separate, separate blocks are
generated. Of course, this is the only
choice for combo extrusions, i.e., from
a mix of structured and unstructured
domains.

From A Face — The selected domains
form a single face from which a single
new block is extruded.

EXTRUDE DOMAINS

Scroll

1 domains in uns. face

Pick

Page

Boet

Set to

SortBy

(NN N

Pick by
Done en

=—=ASSMBL EXTRUD FAC=——

Pick |Multiple Doms

m
All Domains 1
Ad jacent Doms J

MNonMnfld Chnnct 1

Join Ang = Any e

EraseDom | IPikd 9|Last del

Merge Entities 2

Save the Face ent

Abor t esc

Help ?

If From Doms was selected, the
EXTRUDE DOMAINS submenu
appears. Domains can then be
picked by mouse from the browser
window or directly from the display
window. When picking is finished,
Done is clicked.

If From A Face was selected, the
ASSMBL EXTRUD FAC
submenu appears. The face is
formed in the same manner as
with the Assemble Faces
command. Once complete, Save
the Face is selected to finish the
process.

Building 3D Unstructured Exf_c.rhded Grids



Extrusion Attributes
S>> D> > > > > > Sdaen

When the domain(s) or face for the Block Mum 1. 445x
extrusion is defined, the BLOCK EEEEEEJEQ
EXTRUSION menu appears, but before oror Stonr
marching through the extrusion, there

are several attributes for the process that
need to be set or, at least, reviewed.

(PAUSE)
Mdarching Step # 0

1

Extrusion -
.50
.70
0

I\JQO
o000

0.

Do

2
Corner SUFDFESSIOH
Stretch Fetr =
Turning Angle = 90. 0 20.0
Stp Reduction = none none
Aspect Ratio Fetr = 0.00
Normal Spacing
Initial Az = 1. OOOOE 002
Growth Rate = 1.
Boundary Condlflons
Pt Dev Tol = 1.0000E-003
Nm Ang Tol = 10.00

EXTRUSION ATTRIBS

=——BLOCK EXTRUSION=——

Pause |Run s |Back Focus |Mount Prev
Bun 1 1|Back 1 Apply to|® Focus|<All
Run N nj|Back N Type < Hyp & Nrml
Restart A < Rot < Tran
Set Attributes Y—_ Ag < Path
Set Stop Criteria AS Init 5IMin 6||"|-:1}( 7
Done |\ Growth Rate |#Geometric a
Abort Selecting Set Attributes brings up Set 8]OSubcon b
M h |[#Fl < Vect
fele . the EXTRUSION ATTRIBS S
submenu, with the blackboard  Beundary conditions |
. . Advanced Settings T|
window now showing the current -~
values for most of the attributes.  Hele ?

Building 3D Unstructured Ex_t.rUded Grids



Extrusion Types

2222222 2> > > > > Lideen

Smoothin
NRML (Cn

Stretch

STEP(Cnt,R1x)
GRID(Cnt, Ang)
EDGE smooth

Corner SUFDFESSIOH

Block Num 1 :

.R1x)

ctr =

445x
.9
T

1

00

00
0.00

Oowcoh
MOG

2

Turning Angle = 90. 0 20.0
Stp Reduction = none none
Aspect Ratio Fectr = 0.00

Normal Spacing
Initial Az = 1. OOOOE 002

Dev

Nm Ang Tol =

Growth Rate = 1.
Boundary Condlflons
Tol = 1.0000E-003
10.00

=——=EXTRUSION ATTRIBS=——

Focus

Next

Prev

Apply to

4 Focu

O ALl

Type

< Hyp

& Nrml

< Rot < Tran

£ Path

Min 6|Max 7

As  |Init &

Growth Rate |#Geometric a

Set 8|< Subcon b

March (#Plane |<VYector

Set Flip d

Boundary Conditions

Done

Help ?

As with structured block extrusions, the first attribute that needs to be
selected is the Type as this will determine the basic character of the block
to be extruded and bring up the appropriate options defining the extrusion:

Hyperbolic (Hyp) — Not available for unstructured block extrusion.

Normal (Nrml) — An algebraic method that mimics the hyperbolic
technique.

Rotational (Rot) — An algebraic method that sweeps grid in a circular path
about a prescribed axis. Note that axis cannot lie on an edge of the initial
front as this will result in degenerate prism cells along edge.

Translational (Tran) — An algebraic method that sweeps grid in a linear
path in a prescribed direction.

°: Path — An algebraic method that sweeps grid along a connector defined
Advanced Settings t

path.

Building 3D Unstructured Exf_c.rhded Grids



Nrml| Extrusion Example
> > > > > > > > > > > > Sdeen

Since the setup for the various extrusion types is
the same as with the 3D structured extrusions,
the corresponding menus will not be reviewed

. e Z =)
again. However, to show the process in action, S ST
a normal extrusion starting from an unstructured QW%ﬁgéé
2D domain built around the airfoil geometry will 'Wgééj%é
be performed. o'&';&l,’lﬂ!’l‘q”ﬂuqyl
S e YAV
S S S IRP TIK PAIA A
ST IATK I N/
A AT AANTAT N A
AT TIA NN DI AAIIAL
Ao o e e e A s
R A
AN IEBLE ST <A
N FAVANE o e AV b 4
N\Evaave: . avavag A by, vy
NSO DA SS9
e v S
s lTa v oy
| ﬂﬂf@iﬂkyJ%'%gﬂ
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Nrml Extrusion Attributes
S>> D> > > > > > Sdaen

Block Num 1 : 445x 1 . .

WAL k1o = 5 9.500 In this particular case, we
EE&E(CRT’?RS) = ,0 2600 The Type is set want a uniform marching
=Moo = . “ g
Cornet Suppression. to Nrml. distance, so the initial As
Sih Redict on = none mone will be set to the desired

Normal Soacing | 0790 step size (0.1) and the

o taIRATe = 1900F 002 Growth Rate will be set to
Boundary Conditions
1. Once the values are

- 1 1@

Growth Rate
Pt Dev Tol = 1. OOOOE 003
Nm Ang Tol = 10.

Block My 2rd | entered via the keyboard,
=———=FEXTRUSION ATTRIBS%é Block Num 1 : 445% 1 H .
= T SALCCnY | PLockc M Enter is clicked to return
GRID(Cnt NRHL(CI‘I?,RI}() = 5 0.500
Apply to]® Focus|ogi1 EDGE smo| STEPCCnt R1x) = 3 0.700 | tO the EXTRUSION
Tyee | |enrnl “gret | Ebee smooth = 2 | ATTRIBS menu. Note that
<O Rot OT;CJ{ Turning Cg;ne; ﬁu p;es n:nn5 o enu. ote a
retch Fetr = 5. :
/Pa'rh Pl Turning Angle = 90.0°20.0 the blackboard window
- : p Reduction = none none
55 Init sfflin 67 Nermal ol \cpect Ratio Fetr = 0.00 | Shows the updated values
Growth Rate |@Ggemetric « Growth RilNormal Spacing .
Set B8iGSubcon b Boundary | Initial ss "= 1,0000E-001 | for the changed attributes.
Nm Ang Ti|Boundar Condlhoﬁs
March |4 Plane O\..’ecfor m Ang B DeuvTol ='1'3000E-003
Set Flip d Nm Ang Tol = 0 00
Boundary Conditions c| =——ENTE|
Advanced Settings +| Enter ENTER EXPRESSION
Done ent Abort | Sl ent
Help ? Abort esc|

Building 3D Unstructured Ex_t.rUded Grids



Nrml| Extrusion
D> D> D> D> D> D> D> > >

With the key attributes set,

all that remains is to
define the number of
steps that will taken to ———

P " R aVd
march the specified e
distance. Once Run N is g f;gggf?ﬁ
clicked, this can be input P PATAY A

' ' A A
via the keyboard. In this V‘v@ggﬁ%’wzﬂgg
1 |Enter  —— ent ’4 " 4‘ {ZH’%"

case, 10 will be entered.  |== e m#?h'i{‘f{%?;&ﬂu‘}i%
= Y

SR
NON

NANANAY;
AN
KRR

o
iy

Vi

PiRINTWIME®
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Nrml Extrusion (Continued)
P))»»»

After the steps are
entered and the Enter
button is clicked, this is
the result. If this is not the
desired outcome, the n')’
extrusion can be reversed [™ T ™
to the beginning (Back),
by one step (Back 1), or
by N step (Back N). If the
new block is satisfactory,

Done can be selected.

- 3]

T
TS
4’2}7422‘
B A
davggg‘mvgz

Extrusion - (PAUSE)

Vil i 7 ST
o AN BB . v Al
R AR F e
Avr:hvglkv‘r’f"’ £ i
)

AVﬂgym'/}gﬁ ;
sl

,,,,,
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Creating Hybrid Grids
»»»»»»—

Gridgen supports construction and | fasgusaasn it
export of hybrid grids — grids which
contain a mixture of cell types. Cell
types currently supported by Gridgen
iInclude quadrilaterals, triangles,
hexahedra, tetrahedra, prisms, and sasaicd]
pyramids. With the exception of
pyramids, grid construction with all of ;
these cell types has already been
discussed, so the tools needed to
generate hybrid grids are already
known for the most part. Indeed, a 2D
example, the airfoil mesh here, has
already been considered. Other 2D
hybrid grids could be built in a similar
fashion.

I I

NN

]

T
T
0 I
[

[ I |

T
LTy
W }I\ Il}\

I |

W L A

T

I‘III===-
T [

I O

{
!
=
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Creating Hybrid Grids (Continued)
> > > > > > > > > > > > Sdeen

Similarly, an example of a 3D hybrid grid has
also been built. Interestingly, the unstructured
block here contains two types of cells,
tetrahedra and pyramids. The pyramids were
created automatically by the unstructured
solver along the upper surface of the
unstructured block to interface the tets below
with the structured domains bounding that
surface. This is the only case where Gridgen
creates blocks with mixed cell types, although
a structured block may contain degenerate
hexes when the block contains a singularity.
The inset shows the pyramids in the first layer
of cells in the unstructured block in a view
looking up from below — the wing leading
edge is on the right.

Creating Hybrid Glp-i’bls



Pyramids and the Unstructured

The characteristics of the pyramids generated by the

———BLOCK COMMANDS

C T Modi f . .
Comy  clpelete unstructured solver can be controlled just like those of

Run Solver |Structured 1 the tetrahedra. The controls are located in the
Red imer = SELECT BLOCKS SELECT GRID CONTROL PARAM submenu and
Exming e ol Ton 1 include:

Grou gzz —RUN UNSTRUCTRD SOLVER— _ _ _ . _
Done 5ot f|Lnitialize +| Min Height setting the minimum allowable pyramid
Cons C|SortB Reledase Yol Grid u he| ht
DF1t T Set Solver Attribs ag| g '

Quit aPick Doms _=SELECT GRID CONTROL PARAM=
S D) | ' Max Heigh ing the maximum allowable heigh
short erre TJnin oz - Max Height setting the maximum allo able height.
. Max Edge 2
fomory Size 3 Aspect Ratio specifying the aspect ratio used to
erdTrions . . . . .
Boundary Decay 6| SCale nominal pyramid height to give the true pyramid
L & height (default is 0.5).
Aspect Ratio 9
=Eispsay ® Display toggling whether the pyramids will be
Set Other Attributes escl d I d hl th th |
Done Setting Attributes ent ISp aye while within € solver.
Help 7

Creating Hybrid G_.r-ias



Structured Viscous Layer Hybrid

e =
v
<
i‘g\imv%‘w
!
’$'$i> N

Most hybrid grids are
constructed for viscous
analyses. Generally they

247}

N T
. - - )| v‘
§\\\§¥ - are created with either a i
' . . R
Il Q g; §§ \\\‘ ) prism (left) or hex (right) ITERRER R
| 5#%‘ ;’% \\\\$ viscous layer, both of A Sl
VA hich provid id NIRRT
Qh which provide proper gri il ﬁf&wzﬁa&é???g?éféﬁ 1
ITrH S AN
Q structure and growth it SRS o
g h/ ' RaruchansEak el
N y&////// 7 through the thickness of IR
‘ . A AN MR AR
\ @ the layer. The remainder of ;%lsggggﬁm{%}%g%%ﬁ
== . . [ ‘”“ < |
= the volume is usually filled TR R
: e s
D% |
with tets. PR
e R Ry
gt
lam!m"g«‘éhﬁg‘k I t
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Combo Extrus

> > > > > > > > > > > O

AVAVAN N ANANATAVAVAYL

DAL
i/

RS

NANNAY,

It's also possible to combine the extrusion
of structured and unstructured domains
then be extruded simultaneously. Here is
an example of a translational combo

into a hybrid grid. The extrusion has to be
extrusion of the airfoil geometry.

performed From Doms (domains), and
then the remaining attributes for each

domain are individually set. Both the
structured and unstructured blocks can

%)
e m
“ "~ .,
G .,
=
2
e
>
5
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Mixing Layer Types
> > > > > > > > > > > > idaen

Sometimes it may be desirable to have mixed
layer types. In other words, have prism layers | l
on some or most of the geometry surface and ‘N

fill in with hex layer blocks. This type of |
construction is suitable for: |

O Cases where certain parts of the geometry |l l‘ ' "
cannot be easily extruded. \\\\\m‘ " " ' "
O Cases where certain parts of the geometry | | ” "
require the resolution or distribution control m“““\’ ““'&“ <
of a structured block. 'l| "“"'..' —_——
In these instances, combo extrusion can often ||mm‘““ ‘ '%.' = —
be effectively employed (as at right). If not, the W\\\\\\\\" =
prism blocks are to be extruded first, and the “\\\\\\\\\};\sg" — =
structured blocks then assembled from the 'I»é*“%%é =—

exposed prism layer quad faces and additional o o
structured domains as required.




GridgenTraining
> > > > > > > > > >

O In this session:

O Building 2D Structured Extruded Grids.

O Building 3D Structured Extruded Grids.

O Tutorial: “Swept Ramp: Advanced Multi Block Structured Grid.”
O Building 3D Unstructured Extruded Grids.
Q
Q

Creating Hybrid Grids.
Tutorial: “Droplet in a Cylinder: Hybrid Grid.”

Review




GridgenTraining
222> 2> > > > > > > >

O In this session:
O Layer Manager.
O Tutorial: “Cubes and Spheres: Layer Manager.”
O Advanced Tools.
O Tutorial: “B-747 Nacelle: Working with an IGES Database.”

Overview /.



The Layer Manager
> > > > > > > > > > > > _fidaen

Gridgen’s layer manager provides flexible control over what
portions of a database model are displayed. It's very similar in

style to that of common CAD software packages. Indeed, the ———pamn lEv———
layer manager preserves layer information from the original S uteut °
CAD models when they are imported into Gridgen Connectors c
Domains d
. . Blocks
Each database entity can be assigned to only one layer (there analysis s a
are 1024 total layers available). Each layer can be likened to a T2teriets 2
. . Lot W1 DATABASE COMMANDS——
transparency overlay, the user choosing which layers are Slyph _ Tnport  TExport 5
.. . . . . . ayer Manager :
visible at any given time in the Display Window. Retart rlcgeloo® alHiodify -
Buit Gridgen |Intersect 2|Feature Ext
Once defined, the layer information is saved in the composite  tons ¢|bons b]|Nane 3|Assign Layera
. e . Dflt Tl1/70 E|[|Group 4 |Ungroup
database file (.dba) for future editing sessions. —
Layer Manager M|
The layer manager is accessed by clicking on the Layer Done ent |
; Cong C|Doms D|21k= = |DB F
Manager button in the MAIN MENU or the DATABASE DRIt T(T/0 E[AS/W AlGlyphY
COMMANDS menu (or via the M hot key). Quit @|--.-  |DisphalHelp ?

Layer Manager //



The Layer Manager Panel
> > > > > > > > > >

% Layer, Manager, - Gridgen |Z||E|[g|
The layer manager panel is a separate desktop window. The M hot
key can be used to pop it to the top of all other desktop windows at 1or meeelic dmesior
any time, even when the panel has already been opened. The box I R

on the bottom of the window can be toggled to always keep it on
top of the main Gridgen window.

The panel has four logical sections: The Layer Browser List, List 12
Filters, Layer Operations, and Saved Layer Sets. & |

— List Filters
Description: [*
v e —
¥ Rarge: [0-1023

— Layer

Izolate | Deszcription | Set Current |

ove | Combine

Status: Al Onl AIIOffl on Off | Toggle |

— Saved Layer Sets

| J Delete

Help

il LEL

[T Keep layer manager ontop of main window Lol

Layer Manager /-



The Layer Browser List
> > > > > > > > > > > > uidaen

The Layer Browser List is used to select individual or sets of S xR E—
layers to operate on. The list has three columns:

Layer lists the layer numbers (0 — 1023), with * indicating the
current working layer where, for example, newly created
database entities will be placed. °

Ents contains + or — symbols indicating whether the layer
contains enabled or disabled, respectively, database entities
(no symbol indicates a layer is empty).

Description contains each layer’'s user-supplied name.

Status: Al Onl AIIOffl on Off | Toggle |

Text color indicates layer status: layers in red are currently on

and their entities rendered in the display (if enabled), while Jj
layers in black are currently off and their entities aren’t rendered oo |
(even if enabled). Layers highlighted in blue are currently =
selected for layer operations. In addition to the *, the current :||

working layer is also highlighted in green. e

Layer Manager //



List Filters
S>> D> > > > > > Sdaen

The Layer Filters are used to manage which layers will be shown in RIS 4

the Layer Browser List. They are, in order of precedence:
Show Empty — if toggled (the default), the browser list will show all :
layers, including those containing no entities. If off, empty layers will ;
not be listed. :
Description — Layers whose descriptions do not include the text /—\4
string entered in the adjacent text entry field (including wildcards, *) T e ———
are removed from the browser list. A —
T Terrex
. . . Iz0lat: | Descri tion | Set C it |
Range — Layers whose layer numbers are not in the list entered in voro_||_conie
the adjacent text entry field are removed from the browser list. The o avon | mnore| on | on | oo |
list can contain no spaces with non-sequential numbers separated by | suesomss
commas and ranges of numbers separated by dashes. J:{
. . gl
Remember that the current working layer is always shown,
regardless of any filtering applied. :||
[T Keep layer manager ontop of main window Close

Layer Manager /-



Layer Operations
> > > > > > > > > > > > _fidaen

These functions operate on the layer(s) selected in the Layer SRR T
Browser List:

Isolate sets the selected layer (it's only available if a single layer is
picked) to the current working layer and turns off all others.

Description opens a dialog panel where an alpha-numeric 1;

description can be typed which will be applied to the layer(s) selected. | : !
| | a—

Set Current sets the selected layer (only available when a single e

layer is picked) to the current working layer. All subsequently create [— | e | S |

database entities will be assigned to this layer (until another is mad voro_||_conie

the current working layer). s mon | mon|_on | o | roae] |

Move opens a dialog panel where a target layer number can be i :||

entered. The selected layer will be moved to this layer. Options allow |

moved layers to take their descriptions and on/off status as indicated.

[T Keep layer manager ontop of main window Cloge |

Layer Manager /-



Layer Operations (Contmued)
> > > > > > > > > > >

Combine opens a dialog panel where a target layer number can be — [FEatSiIRNoC)
entered. The entities in the selected layers will be combined into this
layer.
The Status commands simply change the on/off state of the selected :
layer(s): :
All On turns on display of all layers. i

i =
All Off turns off display of all layers except the current working layer. Pl e
On turns on the layers currently selected in the browser list. wiar | owrgin | smeme |

Move | Comking
Off turns off the layers currently selected in the browser list. g i ot Fon | o [ e
=
Toggle reverses the on/off state of all layers. =
Sl

Right clicking on individual or multiple layers can access some of
these operations. [0 |

[T Keep layer manager ontop of main window cl_l

Layer Manager /-



Saved Layer Sets

> > > > > > > > >

The Saved Layer Sets tools store and recall on/off states of all layers,

as well as the designated current working layer. Saved layer sets do
not preserve any filter settings.

Save opens a dialog panel where the name of the new saved layer
set is entered.

Restore restores the saved layer set selected from the Saved Layer
Sets browser.

Delete removes the selected saved layer set from the Saved Layer
Sets Browser.

Layer Manager /-

% Layer, Manager, - Gridgen |Z||E|[g|

1 + nacelle interior

2 + nacelle exterior

14 j

r— List Fitters

Description: [*
v e —
¥ Rarge: [0-1023

— Layer

Izolate | Deszcription | Set Current |

ove | Combine
Stetus: AIIOnl AIIOffl on | off ngl |

— Saved Layer Sets
J Diglete

Help

ol \falile /It

[T Keep layer manager ontop of main window Lol




Layer Assignment
> > > > > > > > > > > > _fidaen

In addition to the Move and Combine commands previously

discussed, there are two other ways that database entities can —
be assigned to layers: [Gridgen |Import 1|Export 2
] ) o ) QuickImp
If an IGES or native CAD file is imported via Database Import___»[batabase |Import 2
in the INPUT/OUTPUT COMMANDS menu, all level e
information in the file is transferred to Gridgen’s layers. Export Analysifz— oot = PPEES——
— LMpor 1 Xpor Q
H H EHEE Anal“'s"Creufe n|Modify m
Assign Layer in the DATABASE COMMANDS menu can also Export FY Brdric - = (DoTete -
be used to manually reassign the layers to which entities Intersect  2|Feature Ext f
belong. Once selected, the browser window changes to list all Name  —#|Assign Layera
available database entities. This list only shows entities that Done Sroup o
. .. ) . Conz C|Doms D||Examine e|En/Disable
can be aSS|gne_d to a layer. Eptltles in layers whose status IS DFLt T|1/0 E||Layer Manager M|
off are not available for reassignment and are not shown. This Quit afSave S|lpgne ent |
list is also subject the enable/disable status of each entity in Cons C|Doms D DB F
: : e Dflt T|I/0 E|AS/W A|GlyphY
the currently displayed layer set — disabled entities are not TR B EEEl EETER

available. Once the entities to be reassigned are chosen and
Done is clicked, the browser window changes to show all 1024
layers by number, a + or — indicating their enabled or disabled
status, and finally their layer descriptions. Selection from this
list immediately assigns the chosen entities.

Layer Manager //



En/Disable
D> D> D> D> D> D> D> > >

Another way that database information can be controlled in I T

the GUI display is via the appropriate commands in the Bl DR Lol DO DRl | el
En/Disable |DBE h|Dom j|Blk n

DISPLAY COMMANDS menu. Show| [1Dsb1dDB ¢ | AENbldDB 4
MDsbld Grid Entities 9

: I i [OCon GPs c|MHNods 1

How individual entities are | —

rendered can be selected via the MRotAxs o JXYZAxs x

] QukMnu Aq | MiWarp W
[Wndw| A WhiteBG k| Ortnrml v

The En/Disable DB command allows VueLims _ 1|Linewid ~l
database entities to be temporarily “turned off,” Rot Pnt miFramBuf Af

. Mous|MGlide Am|[JLeftPk &
minimizing how they are rendered and Demote0.0 8|0Bell  Ab
removing them from the pick list. Sens | | .|Rst >| T .

Kybd| Sens | | -|Rst +| T =
Rset ap| Q au| Tiar|All r
The Show DsbldDB and EnbldDB toggles S o ER G e R
provides further quick controls on how these two Putorl |1p (2P [#3 [#4 [#5 |#6

groups of entities are rendered. o
. ) ) Zoom |In z|Outrz|UnddZ |[Ext U
Of course, similar controls are available for domains Done ent [Help ?

and blocks as well.

Layer Manager /-



Advanced Tools
D> D> D> D> D> D> D> > >

Modify Commands And The Entities On Which They Act

A number of advanced tools exist in

Gridgen for manipulating grid and command | database | comnector | g i | G ek
database entities. Most of these can translate v v v N RV R
be found in the DB Modification and scale i Y v AN A
the Modify Connector, Domains, and streteh ’ ’ Y A I
Blocks sub-menus, as indicated in the rotate . ’ . M A N
table on the right. Some of these tools ;td : : - M
have already been discussed or jzin y - v ——
applied in the tutorials. % % - — 1

project v v v v
In this section, a more systematic look smooth v
at these and a few other useful add v
commands not found in the modify insert v
menus will be provided. Y

edit v v

least squares fit v

Advanced Tools__,.-""



Transformations
S>> D> > > > > > Sdaen

Transformation commands can be applied to all entity TR S (TN [ —
types from the corresponding menu. They include: Translate  t[Rotate %o

Scale Ag | Stretch s

Mirror —MODIFY CONNECTOR
Translate alters one or more selected entities by Split  Translate  t[Rotate o
moving them to a new position in Cartesian space. —
User picks handle and provides X, y, and z offsets. Help LS@ Fit ====MODIFY DOMAINS

Split Translate t |Rotate AQ

Scale Ag | Stretch s
Seament Hi

IOy MODIFY BLOCKS

Rotate alters one or more selected entities by

rotating them about a specified axis. User picks axis ReDimens zef:”'gzgzlﬂ*e L Rotate %o
. : Done -Rep 2R~ | :

and provides rotation angle. o g SEGTGtLIrOr o
—D?:zlqs lReplace Re-Extrude 1 I
Scale alters one or more selected entities by scaling. Help Do’ t R|S::ﬁ+ _ |MdclJcnnm 1 nc:

. . . . . Help ubGrids a|be

User picks anchor (fixed point during scaling) and ot Donair ~dl
provides handle or x, y, and z scale factors. e =
Examine Faces AF
. . ReSpecify &,, A
Stretch alters one or more selected entities by scaling ReName n
along a defined vector. User picks anchor and handle. Done-Replace Blocks  ont
Abort-Don’t Repl Blocks esc
Help ?

Mirror reflects selected entity about a specified plane.

Advanced TooIs__.;”f



Transformations (Continued)
> > > > > > > > > > > > idaen

As an example, the Scale command will be
used to modify the airfoil database geometry.

MAIN MENU
Input /Output e
. tab f
From the MAIN MENU, Database is selected — oocrrors -
to open the DATABASE COMMANDS menu. g;'m“:(“s :
OCKS
Analys DATABASE COMMANDS=—
Import is used to read in the reext.dba file *“*“"'Defqu I’:Z;” ‘ ﬁ;:?;: =
from the appropriate directory, and Modify is Glyph Copy c|Delete d
Layver Intersect 2IFeature Ext
then chosen to open the MODIFY DB e— T —
] = Pi All da|Nonesn|Tog At
_ _ . _ o Cons cfza::n:ana Page | in Box|on Box|ByText
Pick All is selected to pick the pair of entities s (Doetle lstioamtl _____
. . . L P to|& =
that comprise the airfoil geometry. When Done  cons\C|pon[SeTBy e Tramslate _t[Rotate 7o
is selected, the DB MODIFICATION menu will DfLt NI/0 OnScale  fsiStretch s
. Quit @ EPick by ExMirror m | Smooth Am
open, and Scale can be picked. DB Pick Ma:SPLit c|Join Ac
Done ent|HEdit el
Done ent
Help ?

Advanced Tools___..-""'




Transformations (Continued)
b))»»»)

Once Scale is selected, the
menu changes to allow the °°c5§§§5?:;§£?ﬂﬁé§§s
anchor point to be selected via | sus

Pick an anchor point to
control scaling or select

the mouse from the Display or
entered via the keyboard. In
this example, the leading edge
will serve as the anchor, and
the mouse cursor has been
moved into position.

EEE)

SCALE

Enter Anchor via Keybrdpad. C:>_

Abort - Don’t Scale esc
Help ?

PRINTWIME®

Advanced Tools,




Transformations (Continued)
b))»»»)

Once the anchor point has
been selected, it becomes
highlighted with a circle. The seae
scale can be set graphically by — |Festistias
picking a handle point, either
by mouse clicking in the
Display window or by typing
via the keyboard. Alternatively,
scale factors can be entered
via the keyboard. In this T
example, Enter Handle via et
Keybrd will be selected, and -
1.5, 1.5, O is entered for the
handle point.

SCALE

+[a
PRI R
Qla'|a’|e
el =

PiRINTWIME"

Advanced Tools,



Transformations (Continued)
> > > > > > > > > >

Once the handle point is

defined, a black square (the —"“"-""—
handle point) appears with a -
cross superimposed in the ' .
Display window. By holding -
down the right mouse button, i
the cross is moved, scaling the
selected database entities, as
seen at right. The original
database entities are shown in |[E——se=—= e
pink, while the scaled entities B s o
appear in black. When the i i ey
desired scaling has been Entr Scling Fciars o
achieved, Done — Scale is T
selected to complete the
proceSS_ ::cl,: - Don’ t Scale es;i
Stretch is setup similar to
Scale by defining anchor and
PHNTWIME®

handle points

Advanced Tools,



Transformations (Continued)
b))»»»)

Mirror is a special version of the T

scale command that reflects either 0°g3§§§'§?g;§;|3:ﬁ§§§s

database or grid entities about a Se1eet Tacilone dhour

plane (either a coordinate plane or a |y "

previously defined plane in the :
database).

To see how it works, the lower
database curve from the airfoil has
been deleted so it can be replaced by
mirroring the upper surface database
curve.

SELECT PLANE

BN =
nun
clo|e

DB Pick Mask
Abort - Don't Mirror s
Help

= [0 |= M=o

After selecting Modify in the
DATABASE COMMANDS menu, the
upper airfoil database entity is
selected and Mirror selected in the
DB MODIFICATION menu. This
leads to the SELECT PLANE menu
at right. The Y=0 plane is selected to
perform the reflection.

PiRINTWIME®

Advanced Tools,



Transformations (Continued)
b))»»»)

This is the result. If satisfactory,

m‘m 15.06

Done — Mirror is selected to °°*§.§§§5ﬁa§£&°ﬁﬁéﬁgs

complete the process. If not, iRt cccant or rotect

Abort — Don’t Mirror can be T o e

selected to cancel. .

Note: The Mirror command
here in the Modify submenu
will simply move the existing

database entity. To recreate T — T :
the airfoil, the Mirror command [ -osswiecer e

in the Copy submenu would be

used to make a mirror copy of
the upper surface database
entity, leaving the upper

surface entity in place.

PiRINTWIME®

Advanced Tools,



Split/Join
> > > > > > > > > >

As with the transformation

DB MODIFICATION

commands, Split and Join are [ransiate f|Rotate o
. cale Ag ret--
found in the DB MODIFICATION Mirror " Smomensl':ﬁIF‘f f‘:l’i‘?’:'?—m
and MODIFY CONNECTOR, Spllf ¢|Join Scale A | Stretch =
DOMAINS, and BLOCKS Eilit el Mirror  sm[Project j
! Done LSa Fit 1
menus. Help Split c|Join ———MODIFY DOMAINS

Translate t |Rotate Ao

Segment Adc.l n!Scclle As|Stretch s
Edit  elMirror Am|Project J
ReDimensionﬂleeDisRe_E”rude MODIFY BLOCKS

Split is used to divide a database or grid

entlty |nt0 tWO Separate entltles- Done-Replace Connetsle CIJOinTrqnslq’re t |Rotate AQ
—— Scale Ag|Stretch ]
. . . . N Dr:me Modifying Con,SubGrids Add aMirror o
Join is used to assemble individual entities Dlsplay Commands Replace Domains -
) ) Help ¢-Extrude 1
into a larger entity. Don’ + Replace Doma g1 j c|Join ac|
Hel
=-P (SubGrids |add ool |
Create Domain ﬂdl
Remove o Face =
Examine Faces AF
ReSpecify &, , MK
ReMName n
Done-Replace Blocks ent
Abort-Don’t Repl Blocks esc
Help ?

Advanced Tools,



Split/Join (Continued)
> > > > > > > > > >

As an example, the upper EEE
_ _Gridaen 15.06 |

surface of the airfoil database will | ek, o oegine
. 4
be split.

DBs, generic 3D

After selecting Modify in the
DATABASE COMMANDS menu, [t
the upper airfoil database entity
Is selected and Split selected in
the DB MODIFICATION menu.

This leads to the SPLIT menu at

L = L -
nmwnmn

right. The Hiliter, O, is moved ——— e L

along the entity via the mouse TS ——
while holding down the right -.oiito

mouse button or via the menu Eiosset O via Pick ot K

commands. Once the desired e

Help ?|

location is found, Split at Hiliter
Is selected. The menu changes,
and the choice is confirmed by
clicking on Split It?

PiHINTWIME®

Advanced Tools,




Split/Join (Continued)
> > > > > 2

In the case of connectors, the
SPLIT CONNECTOR menu
opens after the connector to be
split has been selected and Split
in the MODIFY CONNECTOR
menu chosen.

Here, the cursor, O, is moved
along the connector via the
mouse while holding down the
right mouse button or via the
menu commands. Once the
desired location is found, Split at
Cursor O or Split at Picked O is
selected.

The split is immediately made,
and the cursor moves to the next
connector to begin again. If no
more splits are needed, Abort —
Don’t Split should then be
selected.

SPLIT CONNECTOR:

Move the ighli?hfed point
with the mouse fo loca
the split Eoinf or use the
buttons below.

Connector No 8: 49%pts

SPLIT CONNECTOR

Split at Cursor O padEnt
Split at Picked o pacdd

Move Ovia Keyboard k

Oto GP via Keybd Ak

Cto Next Grid Pt

O to Prev Grid Pt

Display Segment Info Ad

Sensit |Decr ¢|Resetl|Incr -3
c

Abort - Don’t Split

Help

WY
AW

W

u
W
W
W
W
%
A\

I“‘l‘l‘\\\\\\\
W
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\

—
]
S
\
A A
AN
L

ettt el
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\

TLTLTRS

R
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A
N

PRINTWIME®
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Split/Join (Continued)
P))»»»

For structured domains, the
SPLITTING A DOMAIN menu e
opens after the domain has been e
picked and Split in the MODIFY g i ol
DOMAINS menu chosen.

Here, the choice of constant |
Lines or J Lines (asinlandJ
coordinates) must be made first
by toggling the corresponding

button. The hilite is then moved e
across the corresponding o o e i e i ==
coordinate curves via the mouse e oot s e .'{ i ==

\
i
\\\\\
\

A\

\:%\\\ |
\

i
0

LU

while holding down the right
mouse button or via the menu’s
keyboard command. Once the
desired location is found, Done -
Split at Hilite is selected.

‘\\\\\\\

The split is immediately made,
and the GUI returns to the
DOMAIN COMMAND_S__m_e_nu.

PiHINTWIME®
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Split/Join (Continued)
2> 2> 2> 2> 2> 2> 2 S o o o o hdeen

BEH
Joining entities is even easier PFErR |

and follows a similar process for | im o wim s :

all entities. As an example, the otep fnrocsn maitine”

two blocks just split from the Block 0, 2

airfoil model will be Blmsrs 1 43,45 pfar @

reassembled. The first block to
be joined is picked from
MODIFYING BLOCKS menu.
Once selected, the MODIFY I
BLOCKS menu opens, and beo
Join is selected. Here the other

block is picked via the mouse
from the Display window. Once
picked, the two blocks are
immediately joined, and the GUI
returns to the BLOCK
COMMANDS menu.

PiRINTWIME®
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Database Creation
S>> D> D> D> > D> >0

For the next example, the two-
dimensional airfoil database
must be modified into a three-
dimensional wing. The initial
steps are:

1. The reext.dba database file
IS imported.

2. The two database entities
making up the airfoil are copied.

3. The copies are translated 1
unit in the z-direction.

4. Two Curve Line entities are
created connecting leading and
trailing edges of the original
airfoil and the copy.

Create is next picked.

0 Blocks,

m‘m 15.06

0 Connectors, 0 Nodes
8 DBs, generic 3D

0 Domains

menu below.

DATABASE COMMANDS: :
The database (geometric
model) may be manipulated
using commands from the

DATABASE

COMMANDS:

Import i |[Export =]
Create n|Modify m
Copy c|Delete d
Intersect 2|Feature Ext
Name 3|Assign Layera
Group 4|Ungroup
Examine e|En/Disable 1
Layer Manager M|
Done enfl

Dflt T|I/0 E

Cons Cl|Doms D

Blks BIDBF

AS/W A|GlyphY

Quit a|Save

Disp#da|Help 7

PiRINTWIME®

Advanced Tools,




Database Creation

S o

In the DB CREATION : )
menu, Coons is - Grigeagn 150 R —

0 Blocks, 0 Domair] 0 Connectors, 0 Nodes
0 Connectors, 0 No 9 DBs, generic 3D

selected to define a SR Senbric &
Coon surface forming [ iiee e | ..
the upper wing. The

four database entities
marking the
boundaries of the
upper surface are then
picked via the mouse.

EEX

=CREATE AUTOCOONS SURFACE=

DB CREATION=—Scroll i| Y v| ~ /Al T

Once SeIeCted’ DO ne Points t|Note Pick |All a|NoneAn|Tog At

1 1 Curve Line Page | in Box|on Box|ByText
IS pICked and the Curve e|Akima BHget @ 1st|O last

Conic alCircle [Set to|O off|© fon|e tog|

surface saved. The Offset ol o [SortBy | @ rumz| o typa| reva|

. Fit £ namd
Pick by Expression 5
process is then Plane | conatqPick by Exer 0

Y Constant v|Z Const

repeated for the lower  [pistemsimlsoinid

Coefs c

wing surface — the last [ e
Linear Sweepn| |1

entity, the trailing edge, |esms g

Done

IS just about to be cons lboms /2 |0

Dflt T|I/0 E|AS/W A

selected. Quit al-o-  |DispralH

Done ent |He1p ?|Aborf esc

PRINTWIME®

FEATTWISE ]
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Projection
> > > > > > > > > >

This unstructured domain will
now be projected to the
upper surface wing database.

The first step will be to
disable the database entities
that make up the lower
surface of the wing. Once 50
that is done, the four
connectors can be projected
to the upper wing surface,
followed by the rest of the
domain.

%{%"h
W
(/
A

)

i.
i

;
)

Advanced Tools,



Projection (Continued)
> > > > > > > > > > > > _fidaen

e e — In the CONNECTOR COMMANDS menu,

Create n|Modify m

Copy c|Delete d Modify is selected.
Periodic [Tran:=—MODIFYING CONMECTORS=—
BreafSoroll | b | V1|~ 1A 1T This opens the MODIFYING CONNECTORS menu,
e e N Page [.in Box|on Box|ByText where the four connectors can be chosen via the
= Boet ¢ 1st|O last ;
Examine S atele el saal mouse. When Done is selected, the MODIFY
Group |DefifSor {By ———MODIFY CONNECTOR—— CONNECTOR menu opens.

Merge Entities Translate t |Rotate Ag

D Pick pScale Ag|Stretch s ] )

e Done Mirror __ Am[Project | Here, Project is selected.

Cons C|Doms D|T77 7| 59 Fi SELECT PROJECTION=—,

Dflt T|I/0 E|AS/W 'dSpli‘l' Spher ical 0 )

Quit a[Save S[DispAc " —Cylindrical 1 This opens SELECT PROJECTION, where

.. ~Linear 2 H ’ : : :
Y G - Closest Pt (i.e., the connectors grid points will

Translate t|Rotar PROJECT——[ct esc be moved to the closest pOIntS on the database
Scale As|5tre's Int Pts k| € Nodes Too 1| ? e ;
Mirror ~m|Proitpick Pnt of Rotation t] entities) is chosen.
Lsa Fit Done - Project ent | ) ]
Split [Join To make sure all grid points on the connectors are

Abort - Don't Project esc|

ReDimensionAd|ReDitHelp ?| projected, Nodes Too is selected. Done — Project is

Done-Replace Connectors enf]_

then clicked.
Done Modifying Conns esc
ﬂsz“" Commands = Done — Replace Connectors finishes the process.

Advanced TooIs__.;”f
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Projection (Continued)
> > > > > > > > > > > > _fidaen

———DOMAIN COMMANDS - ———— Inthe DOMAIN COMMANDS menu, Modify

Create n|Modify

Copy c|Delete d iS SeleCted.
Periodic |Tr=—MODIFYING DOMAINS=——

Bisoroll | V| A A| T This opens the MODIFYING DOMAINS menu, where the
@ Pick |All a|None~n|Tog At . . .
SList By BPage |in ooloo oosin e domain can be chosen via the mouse. When Done is

Boct @ 7 relate tlRofate o selected, MODIFY DOMAINS opens.

Redimension
SClllie Scale Ag|Stretch 3

Examine _|SortBy & Hi;r«o( Am|Project ile . :
Group |De o= it s e Here, Project is selected.
Done Pi E———
H Spherical 0 .
Cons C Domsnsngxfgu,%cylindricql 1 This opens SELECT PROJ ECT'ON, where
ubGr i gq— ) )
DELY DI/0 EIAS/A A peplace|-inedr 2 Closest Pt is again chosen.
Quit @|Save §|Dispra———Closest Pt 3
Don't R Abort - DIEPROJECTE .
ophelp  IHelo eInt Pts kkoctoms Toe—tl — Since the edges are already on the database,
— Pick Pnt of Rotati 1, : : :
e e Pfojez,r" = i Int Pts is chosen. Done — Project is then
Scale As|Stretch £ i
Mirror CONFIRM —_— on’t Project esi CIICked'
Fe-LxtrUnlink Domain? ¥ -
o1+ Maintain Linkage osc Maintain Linkage is clicked in the CONFIRM
SubGr i Clge|}15u =X £ men u .
Replace Domains ent
Don’t Replace Domains esc . ..
Replace Domains finishes the process.

Help 7

Advanced TooIs__.;”f



Projection (Continued)

> > > > > > > > > > > O

i
g
:

The domain is now projected
to the upper wing database.
The process could be

repeated to project another

domain onto the lower wing.

Advanced Tools_..---":




Miscellaneous
S>> D> D> D> > D> >0

The remaining commands in this table have more Modify Commands And The Entities On Which They Act

limited uses so will only be summarized:
str unstr str unstr
command database | connector domain | domain | block | block
Re-extrude allows preV|0l_Jst extruded domains and —— v v v v v v
blocks to be extruded again.
scale v v v v v v
Smooth provides a means of smoothing database stretch Y v Y v oY
curves through fitting. rotate v v v v v v
re-extrude v v v
Add is used to add a segment on the end of an existing it v P v v
connector. o v v v v v
. . . v v v v v v
Insert is used to insert a segment into a connector. e
project v v v v
Erase will remove segment(s) from a connector. smooth v
add 4
Edit allows individual control points in a segment to be csert v
re-positioned. v
erase
. . . , i v v
Least Squares Fit replaces a dimensioned connector’s it
shape with a least squares fit of its grid points. least squares fit Y

Advanced Tools,



GridgenTraining
222> 2> > > > > > > >

O In this session:
O Layer Manager.
O Tutorial: “Cubes and Spheres: Layer Manager.”
O Advanced Tools.
O Tutorial: “B-747 Nacelle: Working with an IGES Database.”

Review




GridgenTraining
> > 5 > > S5 > > S5 > O

O In this session:
o Glyph.
O Tutorial: “Converging-Diverging Nozzle: Using Glyph Scripting.”

Overview /.



Glyph
> > > > > > > > > > >

# Gridgen (V.15.08 REL 1) Initialization Script

Glyph, Gridgen’s scripting language, is # Written lon Jan 1 00:00:00 2000

based on the Tcl programming |anguage # This file will be automatically loaded if named "_gridgenrc"

# and located in the working directory or your home directory.

and provides a text-based, procedural #
# DEFAULTS

interface to Gridgen’s features. Glyph gg: :defbbCoordpisp UV

1 gg: :defCFBG T™
scripts can be useful for: 902 4efCFRG HILGENSTOCK
H - . - -dg HHHH
O Establishing preferred display states o9-iad # RUN STRUCTURED SOLVER

gg:-de BRI R

and default values. 992399 4g: :donTF1Solverrun Sdon_
. . . s:de
o) Startlng Grldgen and automatlca”y gg::de gg: :domEllISolverAtt $dom_A -bg_control LAPLACE

gg:-de gg::domEllSolverBegin $dom_A
H . 1 1 --d set results [gg::domEllSolverStep -iterations 100]
Importlng database and G”dgen fIIeS gg::dz # Print out the residual results neatly

puts "iter residual max resid"

for current mesh building projects. 39319 foreach {i res maxres} sresults {

gg: -dd puts [format "%4d %-8.4e %8.4e" $i $res $maxres]

Encapsulating repetitive tasks. i [ S ——

. . . gg::de

.- HHBHHH A HH R

Running Gridgen in batch mode. ou: ad HH

. - . . - :d ,‘,' ,‘,‘ ,‘,‘ ,',‘ ,‘,' ,‘,' ,‘,‘ ,',‘ ,',‘ ,‘,' ,‘,' ,‘,‘ :’:‘ :‘r’ :‘r’ :‘r’ :‘:‘ :’:‘ :‘r’ :‘r‘ :‘r‘ :‘:‘ :’:‘ :‘r’ :‘r‘

O Developing specialized meshing 99222 0o -domExport “ALL" “bump.grd” \
. . gg::dd  -Style PLOT3D \
app|ICatI0nS gg::dd —forma_lt_ASCll \

gg: :de -precision DOUBLE

gg::deg

gg: -dd HAHHHH A AR

gg::dd # SET FLOW SOLVER

gg:ide HHHHEHHHRHHH

© 0O




Executing Glyph Scripts
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There are four ways to execute a Glyph script :

O Placing the script file _gridgenrc (on Windows MAIN MENU |
platforms) or .gridgenrc (on Unix platforms) in the [ Tooees = -
home or root folder, respectively, or setting the Connectors EI

. . omd I NS
environment variable GRIDGEN_RCFILE to the Blocks b|
path/name of the Glyph script will lead to the gnalysie S/W :l
) ) ) Tutorials s|
script’'s execution on Gridgen startup. Defaults ndl
. . . . Glyph ¥

O Entering the script file’s name on the Gridgen Layer Ma SLYPH CONMANDS—

command line (will execute after any RC script). ~ SeS'eExccute Seript  x
) ] ] ) ouit GriRe-execute Last Script Ax|

O Running Gridgen in batch mode by entering Cons C|pBegin Journaling 4]

= append to Journal Ajl

gridgen —b my_glyph_script.gif on the command B8 B20 |
line (Unix) or at the DOS prompt (Windows).

= add Yariable F7|
Add Comment |

O Selecting Execute Script in the GLYPH 2"“9 e e“::
ons oms =

COMMANDS menu. DFLt T|I/0 E|AS/W A|6lyphY|

Quit @|Save S|DispralHelp 7|




Glyph Commands

> > > > > > > > > > O

The following commands are available in the GLYPH
COMMANDS menu:

Execute Script — select script for execution using the
file browser.

Re-execute Last Script — executes the previously
executed script.

Begin Journaling — begin writing all Gridgen actions to
a Glyph script file.

End Journaling — cease writing to Glyph script file.

Add Variable — add variable which is recorded in the
current journal or available during the current non-
journaled session.

Add Comment — insert comment into script file at the
current point in a journal session.

MAIN MENU————|
Input /Output el
Database F |
Connectors c|
Domains d|
Blocks b|
Andalysis S5/W ql
Tutorials s|
Defaults Ad|
Glyph y!
Layer Ma'— G yPH COMMANDS——
Restart 'Fyecute Script x|
ouit GriRe-execute Last Script ﬂx|
Begin Journaling il
Cons C|Dv :
—Append to Journal Ajl
Dflt T|I :
auit o 5IEm:I Journaling |
= Add Variable F7|
Add Comment |
Done ent |

Cons C|Doms D|Blks B|DB F|
DfF1t T|I/0 E|AS/W A|GlyphY|
Quit @|Save S|DispralHelp 7|




Journaling
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Journaling is a Gridgen mode

i Gridgen - journaling to C:\Program Files\Pointwise\GridgenV15\examplesitutorial\reext\airfoil.glf

=19

during which GUI commands e

are written to a file as their /@%’%“%‘;‘:‘%’
Glyph equivalents, thus allowing ////f@%:%__%

a meshing session to be %%i==
captured and later replayed. As ?"-—'
there isn't a one-to-one ““’ =E
correspondence between GUI ‘gﬁi= EE

and Glyph commands, . . ) giﬁiﬁ ;g
commands without Glyph T — i e
equivalents will be grayed out ~ |2emteteie l'l'f,'"l, i =
during journaling. B — i@\{:l{.:{ i :g%%%%%%%

e 4 - e
During journal sessions, a : \ i%%%%%éﬁﬁ
notation to that effect appears in iiiﬁiﬁﬁg=
the top left of the Display E=====’='
window, along with the name of .==='==-
the journal file being written to. Nan
PRINTWIME®




Begin Journaling
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When Begin Journaling is selected in the GLYPH ——MAIN MENU—
COMMANDS menu, the INITIALIZE JOURNAL menu Lt {08 i el
. . e e 1 . Database F |
appears. The first three buttons offer choices for initialization ¢opnectors ol
commands to be written at the top of the journaled Glyph Domaing d|
int: Blocks bl
Script. Analysis S/W al
. . Tutor ial |
Clear/Reset All will clear all entities and reset all T n:|
tolerances and defaults. This would be chosen to ensure Glyph y|
. L M
that the replayed script starts completely afresh. Reatart 1o D11 COMANDS I
—_——— EXCCLUTE aCrIp X
Echo State to File writes current defaults and tolerance Mgzz:ejz:fn:ﬁ:;“”p* “’J‘I
settings to the journal file, but does not clear any %%Append t ——INITIALIZE JOURNAL——|
existing grid or database entities. auit as _$ cloar Reset Al al
——=add Vari CEcho State to File c|
ONo Initialization n|

No Initialization as indicated no initialization

. DDL| Update Policy
commands will be saved. Cons ¢|D Update Display |

Dflt T|IcCheck Input |

Care must be taken with the latter two options that the Quit s
resulting script file is not dependent on the starting conditions
or that the required starting conditions exist when it is
replayed.

~ Apply Options ent |

Skip Initialization esc|
Help 7|




Begin Journaling (Continued)
> > > > > > > > > > > > _ddaen

The Update Policy options define how the journaled script = =——=naIN HENN————
Input/Output el
will update the Display window when replayed: SE— ﬂ
. . . . Connectors c|
Update Display will Ie_a_d to the Display being y—— al
updated when any entities change appearance Blocks b
: : ; Analysis S/W al
(including creation). e i
. . . Default d
Check Input will lead to the Display being updated ST “?I
only when an explicit Tcl call is included in the script. Layer Mar—— ol YPH COMMANDS |
The results of the script will otherwise only appear once Restart 'Execute Script x|
the scriot finishes ouit GriRe-execute Last Script Ax|
p . T Begin Journaling il
. . e . Cons C|D  end t —— INITIALIZE JOURNAL——|
Apply Options writes the initialization and update policy zﬂI ; ;End ... ®Cloar /Reset ALl =l
commands to the journal file. ="—'=hdd Vari OEcho State to File e|
sdcl Copnn ©ONo Initialization n|
Skip Initialization indicates that no such commands should Done | Update Policy
be written to the journal file. Cons C|Dupdate Display |
Dflt T|IcCheck Input |
. . . . Quit Qa|S
Once one of these two buttons is selected, journaling will be “=—' poply options ent|

enabled. Skip Initialization esc|
Help 7|




Variables
»)»»»»:_

Variables are name-value pairs that can be defined GLYPH COMMANDS

MAIN MENU=Fyecute Script xl
and used in Gridgen for parameters that will be Input/Output e Len el |
used often. Used in conjunction with journaling, Database Begin Journaling i
variables can be used for parameters that need to — Append to Journal ail

) ) . Domains End Journaling |
be easily changeable for remeshing. Such a variable Blocks Add Var iable F7|
need only be changed in one location to effect iﬂil?éi? /W Add_comme i
changes throughout the mesh. Their values may be S S
scalar or vector, real or integer or string. Once Glyph E;";f $ ??:
defined, they may be used whenever Gridgen Coye g g, Quit Q|Sen

. . . . Restart Gridgen coG | |

requires input via the Text Input window.

_ _ _ Quit Gridgen ent |
For example, suppose a variable named A is defined Cons C|Doms D[Blks B[DB  F|
and assigned an integer value. When prompted for DFLt T|I/0 E[AS/W A|GlyphY]|
the number of grid points to dimension a connector, TN SRR EERE0 FETN
$A could be typed in, and A’s value would then be used for this
dimension. If two such integer variables were defined (say A and B), a

SELECT YARIABLE

connector could be dimensioned with their sum by typing [expr $A +

Sscroll| V| | v | Al A &

$B] at the prompt. Sor tBy | 4 nam Crev
The process of defining a variable begins by selecting Add Variable in Hide Variables I
Enter ent

the GLYPH COMMANDS menu. A new name can then be entered or

an existing variable can be selected to reassign its value. Ahort esc|




Add Variables
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Once a new variable name has been entered or an existing
variable chosen, Enter is selected and the ADD VARIABLE
menu appears with the following options:

Mode Local, when journaling, limits the scope of the variable to
the journaled script only.

Mode Global, when journaling, makes a variable persist after a
script ends.

Enter Tcl Expression defines the variable by a Tcl expression
entered in the Text Input window. The expression can simply be
a numerical value or a line of Tcl programming commands.

Pick Point on DB assigns to the variable a 3-element list of the
parametric u and v coordinates and ID of the point on a
database entity picked in the Display window.

SELECT YARIABLE

Abort

Scroll| | | - =———=ADD VARIABLE |
SortBy | nan Mode |®Local o< Global Ao
Hide VariablEnter Tcl Expression el
e Pick Point on DB pad0|

Pick XYZ Point

x|

Pick DB Entities

n|

Pick Connectors

c|

Pick Domdains

Pick Blocks

Abort

Help




Add Variables (Continued)
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Pick XYZ Point assigns to the variable the 3-element listof x,y,
and z coordinates of the point picked in the Display window.

Pick DB Entities assigns to the variable the list of IDs of the
database entities picked in the Display window.

Pick Connectors assigns to the variable the list of IDs of the
connectors picked in the Display window.

Pick Domains assigns to the variable the list of IDs of the

SELECT YARIABLE

domains picked in the Display window. Scroll| | | ————ADD VARIABLE |
SortBy | nan Mode |®Local o< Global Ao

Pick Blocks assigns to the variable the list of IDs of the blocks  Hide VariablEnter Tel Expression el
) ] ] ] e Pick Point on DB pad0 |
picked in the Display window. ~  Pick XYZ Point x|
Abort ~ Ppick DB Entities n|

Pick Connectors c|

Pick Domains d|

Pick Blocks bl

Abor t esc|

Help 7|




Modes
S>> DD DD > > >

Glyph is modal. Certain commands are only available after a given mode has been
entered. Each command’s reference page in the Glyph Reference Manual lists the mode
or modes where the command is available. The table on the following slides summarizes
all of the modes, which command enters the mode, which command exits the mode, and
a brief description of the mode.

Additionally, some commands can be used during text input via Gridgen’s Text Input
window. Only Glyph commands that perform queries without altering the grid system or
requiring a specific mode can be used.




Modes (Continued)
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maode description begin end
BLOCK block creation gg::blkBegin gg: :blkEnd
BLOCK ELLI | block elliptic solver gg::blkEllBegin gg::blkE11End
PTIC
BLOCK EXT block extrusion solver gg: :blkExtrusion— gg: :blkExtru-
RUUSION EBegin sionEnd
BLOCK_RE _E | block re-extrusion gg: :blkReExtru— gg: :blkReExtru-—
XTRUSION siconBegin sionEnd
CONNECTOR. | connector creation gg: :conBegin gg: rconEnd
DB POINT database point creation gqg: :dbPtsBegin gg: :dbPtsEnd
DB _CURVE database curve creation gqg: :dbCurveBegin gg: :dbCurveEnd
DB _SURF database surface creation | gg::dbSurfBegin gg: :dbSurfEnd
DOMAIN domain creation gg: :domBegin gg: :domEnd
DOMAIN EL domain elliptic solver gg: :domEllBegin gg::domEl1End

LIPTIC




Modes (Continued)
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DOMAIN_EX
TRUSION

domain extrusion solver

gg: :domExtrusion-

Begin

gg: :domExtru-

siconEnd

DOMAIN _RE
_EXTRUSION

domain re-extrusion

gg: :domBReExtru-

sionBegin

gg: :domBReExtru-

sionEnd

EDGE

edge definition

gg: redgeBegin

gg: redgeEnd

FACE

face definition

gg: :faceBegin

gg::faceEnd

GLOBAL

commands may be called
at any time except from a
startup script

MIRROR

block mirroring for analy-
sis software export

gg::aswMirrorBe-
gin

gg: iaswMir-
rorkEnd

RC

startup script

SEGMENT

segment definition

gg: :segBegin

gg: :segBEnd

TOP

default mode

XFORM

transformation

-

CopyBegin,

*TransformBegin

*CopyEnd,
*TransformEnd




Tcl Syntax
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Commands

A Glyph script is composed of a series of commands. These commands may be native Tcl
functions, Glyph-specific functions, or user functions defined elsewhere in the script.

Each line in a Tcl script starts with a command followed by zero or more arguments separated by
spaces. Commands terminate by the end-of-the-line or by a semicolon ; enabling multiple
commands to be entered on the line:

set A 10; set B 10

Variables

As noted before, variables are name-value pairs. Values are assigned to variables for substitution
In subsequent commands.

Tcl variables do not need to be declared before using them.
Variable names are case sensitive.

As shown above, variables are assigned values with the set command, and their values obtained
by prepending $ to their names:

set C $A




Tcl Syntax (Continued)
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Arrays

Arrays are special types of variables used to form more complex data structures. They use string-
valued indices to access the multiple values stored under a single variable name. As the index is
string-valued, it can be any type of string: a number, a word, a phrase, or any combination. The
indices are delimited by parentheses (). As the parentheses are not a grouping mechanism, care
should be used in using indices with spaces (or, better yet, avoid using spaces in indices
altogether). The syntax for defining an array element is:

set array(index) value

Once defined as an array, a variable cannot be subsequently used as a regular, non-array
variable, i.e., given the above declaration, a subsequent declaration of the form below would
result in an error:

set array value

The index of an array can itself be a variable.




Tcl Syntax (Continued)
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Grouping

As noted previously, spaces are used to separate arguments of a command. Multiple words are
grouped into a single argument by double quotes *” or braces { }. Double quotes allow variable
and command substitution, but braces do not. Braces are typically used when no substitutions are
desired or to delay substitution as in a conditional statement or loop.

Braces can also be used to delimit odd variable names, including those containing characters
other than letters, numbers, and underscore:

set {new var} 5

Braces and double quotes include everything between them, including semicolons and new lines.
Braces inside double quotes are treated as regular characters. A backslash \ is needed before a
double quote or brace to use it as a regular character:

set A “Use \” for quote”




Tcl Syntax (Continued)
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Command Substitution

The value returned by a function can be substituted into a command by enclosing the call in
square brackets:

set B 81
set root [expr {sqrt ($B)}]

Here root is being assigned the value of the square root of B. As Tcl does not support math
functions directly, Tcl commands such as expr are required. Note the use of the braces to group
the argument for expr.

Functions can be nested. In such instances, the most deeply nested commands are performed
first. Commands at the same nesting level are evaluated from left to right.

Comments

A comment is indicated by inserting a pound character # at the beginning of a line. The comment
Is continued until the end of the line or can be carried onto the next line by using a backslash \.
Semicolons will not terminate a comment, but they can be used to terminate a command so that a
comment can be added on the same line:

set B 81; # Set the value of B to 81




Glyph Conventions
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Function Naming

All Glyph commands begin with either gg: - or ggu: : to avoid possible naming conflicts with
standard Tcl commands. Commands starting with gg are the main routines that correspond to
Gridgen commands, while those beginning with ggu are generally supporting routines that have
no direct correlation to functionality within Gridgen.

Glyph commands follow the form:

gg: :<noun><verb> ?entity_ids? ?arguments?

where <noun> is the type of object or entity that is the subject of the action and <verb> is the
action itself. The first argument after the command’s name is the list of entities to be operated on,

followed possibly by additional flags or arguments. For commands that can operate on more than
one entity, Al l can be used to collectively indicate all appropriate entities as the argument.

Here are the <noun> values used in Glyph commands:
asw analysis software settings

blk blocks con connectors face block faces
db database entities disp display settings seg connector segments
def default settings dom domains tol tolerance settings

edge domain edges xForm transformations




Glyph Conventions (Continued)
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Entities

Each individual entity of the four major types in Gridgen (Connectors, Domains, Blocks, and
Database entities) has a unique identifier. Sub-blocks and sub-domains also receive unique
identifiers. These identifiers are obtained either as return values when creating the entity, loading
the entity, or through direct query. For example, a list of all connector identifiers in a model could
be obtained with:

set conlDList [gg::conGetALL]

Identifiers should never be hardcoded in a script. There is no guarantee that they will remain the
same across Gridgen releases.




Glyph Conventions (Continued)
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Points

Gridgen points have two forms:
Free points consist of lists of three floating-point values representing X, Y, and Z coordinates, e.g.,
set pt [list 1.0 2.0 3.0]

Database constrained points consist of two floating-point values (normalized U and V coordinates)
and a third value representing the database entity identifier. The UV values are always between 0 and 1,
inclusive.

Some Glyph commands can take either form with an appropriate flag, but most commands require XYZ
coordinates. Fortunately, gg: :dbUVToXYZ can convert from UV to XYZ coordinates:

set db _pt [list 0.5 1.0 $db_curve]
gg: :conSetBreakPt $con [gg::dbUVToXYZ $db_ pt]

Conversely, gg: :dbSurfClosestPt will convert XYZ to UV coordinates:

set xyz [list 1.0 2.0 3.0]
set db_pt [gg::dbSurfClosestPt ALL $xyz]

If the point xyz is on the surface of any enabled database entity, the returned value will be that point in UV form.
Otherwise, the command will return the closest point on an enabled database entity. To find the point or closest
point projection on a specific database entity, that entity’s identifier replaces ALL.




Control Structures
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If Then Else

Conditional statement of the form:

IT expression ?then? bodyl ?else? body2

If expression is true, then the command listed in body1 is executed, otherwise that in body?2 is
executed. The then and el se are optional. Multiple conditionals can be chained together with
elseitT. Typically, braces are placed around the command bodies and conditionals to avoid
confusion. Here's an example:

if {$sp == 0} {
set spacing 0.5

} elseif {$sp < 0} {
set spacing 1.0

} else {

set spacing $sp




Control Structures (Continued)
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Switch

Conditional statement of the form:
switch -flags value patternl bodyl pattern2 body2 ...

If value matches a pattern, the corresponding command body is executed. Any number of pattern-body
pairs can be supplied, but only the command body of first matching pattern is used. If the last pattern is
default, then the associated body is executed if no patterns match. If a body is composed of a dash -, then
execution falls to the next body. Different flag values control how value is matched:

exact matches the value exactly (default).
glob uses glob-style pattern matching (* and ?).
regexp uses regular expression pattern matching.

- means no flags or end of flags. It appears as - - and is needed when value can start with -.

Here’s an example:

switch —glob -- $filename {
*_1gs-
*_1gs { set format IGES }
*_stl { set format STL }
default { set format DBA }

}




Control Structures (Continued)
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While

Conditional statement of the form:
while expression body

While the expression is true, the command listed in body is executed. Since expression is
repeatedly evaluated, it is important to place it in braces to defer substitution until the proper time.
Otherwise, the expression will be evaluated only initially, possibly resulting in an endless loop.

Here’s an example:

set ds $spacing
while {$ds > 0.5} {
set ds [expr {0.5 * $ds}]




Control Structures (Continued)
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Foreach

Conditional statement of the form:
foreach var values body

This command loops over body once for each value in the list of values with var taking on
successive values in the list. It is recommended that 11st be used to define the list of values
(double guotes can be used, but may lead to unexpected results). Here’'s an example:

foreach db [list $db_ 1 $db 2 $db 3] {
gg::dbEnable $db

}




Control Structures (Continued)
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Conditional statement of the form:

for start test next body

The start, next, and body arguments are commands. The test argument is an expression.
The command begins with start. While test is true, body is executed followed by next. This is
repeated until test is false.

set value O

for {set j 0} {$j < 10} {incr j} {
set value [expr {$value + $j}]
¥

The 1ncr command used here increments j by 1 — an optional second argument for incr could
be used to specify a different increment.

Break and Continue

Loop execution can be immediately exited with Break, while Continue skips the remainder of the
current loop and begins the next iteration.




Procedures
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New functions, or procedures, can be defined within a script using the following:

proc name args body

The new function is called name, replacing any previous function called name (caution is advised).
The name is case sensitive. The formal parameter list, args, is next, and the actions to be
executed by the function follow in body. If a value is to be returned from the procedure, the
return command is used. Here's an example:

proc xVal { pt } {
set x [lindex $pt 0]
return $x

}

set ptA Jlist 1.0 2.0 3.0]
set x [xVal $ptA]

Here, xVal is given a list of values representing the XYZ coordinates of a point. It uses the

I 1ndex function to extract the first element in the series (Tcl starts numbering list elements at 0)
and returns the value. In the second section, ptA is defined, and x is then defined with the results
of xVal. In this case, it will end up with the value of 1.0.




Procedures (Continued)
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Procedures have a separate scope from the rest of a script, meaning that variables defined within a
procedure are not shared outside of the procedure unless they are explicitly defined as global

variables. Conversely, a variable defined outside of a procedure cannot be used within unless it is
passed into it or defined as a global variable. The result is that variables sometimes need to be

shared inside and/or outside of a procedure.

The global command can do this:

global varnamel varname2

defining variables named varnamel, varname2, etc. The global command has to appear in

each scope where access to the same variable is desired. Hence, for a variable to be shared in
both inside and outside a procedure, the corresponding global command must also appear inside

and outside of that procedure.




Lists
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Tcl lists are simply sequences of values and can be established in a variety of ways:

set listl [list a b 1.0}

set list2 “a b 1.0”

set list3 {a b 1.0}

set list4 {a b {1.0 2.0 3.0} {c d}}

Note that the last example above has lists inside the list. The first example is preferred as it is
somewhat more efficient.

Elements of a list are accessed via the I 1ndex command (remembering that Tcl starts element
numbering with 0 — hence the third element has the index of 2):

set List [list a b c d €]

# Get the value “c’

set el [lindex $List 2]

# Get the length of the list
set len [llength $List]

The Ilength command gives the length of a list.




Fillenames
S>> D> D> D> > D> > > >

As file conventions on UNIX and Windows platforms are different, Tcl provides for file naming and
handling in a cross-platform manner. The file command has numerous options for operating on file
names. Here are a few:

file dirname name Returns the parent directory of the file name

Tfile exists name Returns 1 if name exists, 0 otherwise

Tfile extension name Returns the extension of file name, including the dot
file join path path... Joints pathname components into a new pathname
file nativename name Returns the platform-native version of name

file readable name Returns 1 if name has read permissions, O otherwise
Tile rootname name Returns all but extension of name (including directory)
Tile tail name Returns the last pathname component of name

file writable name Returns 1 if name has write permissions, 0 otherwise




Error Handling
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Errors occasionally occur, e.g., when invalid values or an improper number of arguments are passed to a
function. If uncaught, the error will cause the termination of the script’s execution. The catch command

can be used to trap and handle errors:

catch command ?result?

The command argument is a body of commands to be executed. If the commands return an error, catch
returns a non-zero value. If the optional result argument is present, it names a variable which is set to
the error message. If the commands execute successfully, catch returns a zero value and, if present, the
result argument is set to the command’s return value. Here’s an example:

iIT {[catch {command argl ...} result]} {
puts “error: $result”
return

} else {
# no error, continue on with execution, result

# contains return value

}

An error condition is raised in a function with the error function:
error ?message? ?info? ?code?
The message argument is a string that would be stored in the result variable of catch.




Initializing Gridgen
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Placing the script file _gridgenrc (on Windows platforms)
or .gridgenrc (on Unix platforms) in the home or root folder,

respectively, or setting the environment variable ﬁ:ﬁ" HENUEe
GRIDGEN_RCFILE to the path/name of the Glyph script Database f
will lead to the script’'s execution on Gridgen startup. — :
Blocks == INPUT /OUTPUT COHHANDSE|
Analysis | Gridgen |Import 1|Export 2|
A quick way to create such a file is by selecting Export Tutoriole _____ I?n”L'iT’"‘; —rs
Glyph Init File in the INPUT/OUTPUT COMMANDS menu. gt 6q pis nport 7lExport 8

This opens the GLYPH FILE submenu where the new file Layer MarExport lyph Init File 0|

. s . . Restart GE t lysis Dat §
to be created or existing file to overwrite can be selected. _ File,\ﬁl
The _gridgenrc or .gridgenrc file created here will contain cone | lncorporate Volume Grid 9|
all of the default and display command settings from the i e ) LA e

auit o EDone ent |

current e Gridgen session. = : :
L0 ) GLYPH FILE |

Df1t Tl¥scrona] W[ ¥ [ v [ [ A[T]
. . . Quit @13 Type In... |Name k|Dir d
The file can be subsequently edited as desired. Go to Dir... |<drv>s|orig h|

Open |[Help  7|Abort esc|

Quit Gric




Initializing Gridgen (Continued)
> > > > > > > > > > >

# Gridgen (V.15.08 REL 1) Initialization Script . . . . .

# Written Won Jan 1 00:00:00 2000 Here is a typical _gridgenrc file. Indeed, with a
couple of exceptions, all settings are at their

normal defaults.

# This file will be automatically loaded if named ' _gridgenrc"”
# and located in the working directory or your home directory.
#

# DEFAULTS <«
gg: :defDbCoordDisp UV
gg: :defCFBG T™

gg: :defCFFG HILGENSTOCK
gg: :defConDistBeg 0.0

As with most programs, it begins with a header of

O e feonDiotrunc TANH comment statements, including a time stamp of
O e feonabes 070 when Gridgen wrote the file.

gg: :defConSurCrv 0O
gg::defQuickSave "quicksave.gg"
gg: :defUnsipts 1

09: :defunsiiaxang 0.0 Next the default settings are listed. Notice that
g9 :defUnshaxilen 64 most, if not all, of the Glyph equivalents can be
gg: :defUnsPyrAR 0.5 . - .
g: :defunspyriiax 0.0 readily deduced, e.g., gg: :defConDistBeg is
gg: :defUnsPyrMin O. .

9g: :defUnsTetDecay 0.5 the same as the Con Dist Bgn As command

gg: :defUnsTriBndDecay 0.5 i

gg: :defunsTetBndbecay 0.5 found in the SET DEFAULT VALUES menu.

gg: :defUnsTetMax 0.0
gg: :defUnsTetEdgeMax 0.0
gg: :defUnsTetMin 0.0
gg: :defUnsTetEdgeMin 0.0

gg: :defUnsTriDecay 0.5 Should the values need to be changed, this file
gg: :defUnsTriMax 0.0 . . . .

gg: :defUnsTriEdgelax 0.0 can be edited directly or a new file simply
gg::defUnsTriMin 0.0 . . .

g9 :defUnsTriEdgeMin 0.0 generated from within Gridgen.

gg: :defJoinAng 0.0
gg: :defSplitAng 0.0




Initializing Gridgen (Continued)
> > > > > > > > > > >

gg: :deflmportVisibility 0
gg: :defConDim none

# TOLERANCES
gg::tolCon 0.0001
gg: :tolNode 0.0001
gg: :tolGP 1le-007

gg: :tolModelSize 1000.0

# DISPLAY <«
gg: :dispBGColor WHITE
gg: :dispBell 0

gg: :dispBodyAxes 0
gg::dispColor 0 "#E63C87"
gg::dispColor 1 "#005F00"
gg::dispColor 2 "#FF4500"
gg::dispColor 3 "#0000AF"
gg::dispColor 4 "#FFD700"
gg::dispColor 5 "#7D0000"
gg: :dispColor 6 "#9100FF"
gg: :dispConGPS 0

gg: :dispDemote 0.0
gg::dispDisabledDB O
gg::dispDisabledGrid 1
gg: :dispbDoublePrecision 0
gg::dispEnabledDB 1

gg: :dispFrameBuffer RGB
gg::dispGlide 1

gg: :dispLeftPick 0
gg::dispLight "0 0 0"
gg::dispLineWidth 1

gg: :dispMenuSide LEFT

gg: :dispMouseWarp 1

gg: :dispQuickMenu 0
gg::dispSmallText 0O
gg::dispViewProj PERSPECTIVE
gg::dispViewCons 1

gg: :dispViewDoms 1

gg: :dispViewNodes 1

gg: :dispXYZAxes 0O

Here is the remainder of the _gridgenrc file from the previous slide.

Notice how the default settings wrap up by setting the default
connector dimensions, gg:-defConDim.

Next, some key tolerances are set next, again repeating
parameters that can be set via the GUI, in this case in the SET
TOLERANCE VALUES submenu of the SET DEFAULT VALUES
menu.

Finally, the display settings can be fixed. In this particular file, two
settings have been changed from the defaults,

gg: -dispBGColor (changed from BLACK to WHITE) and

gg: -dispBodyAxes (changed from 1 to O, i.e., on to off).




Project Start-Up

> > > > > > > > >

A Glyph script can be used to simplify the start-up process by having the script
clear out old information and import the files needed for the project.

Here is an example of a start-up script that does exactly this:

# Gridgen Journal File V1 (Gridgen 15.08 REL 1)
# Created Mon Jan 1 00:00:00 2005

#

package require PWI_Glyph 1.6.8

# Delete any existing grids and database entities. Reset AS/W, defaults, and
# tolerances.

gg::tolReset

gg: :defReset

gg::aswDeleteBC -glob "*"

gg::aswDeleteVC -glob "*"

gg:-aswSet GENERIC -dim 3

# Read database and grid files.
gg::dblmport "C:/Program Files/Pointwise/GridgenVl15/My Grids/gridgen.dba"™ -type DBA
gg::gridlmport "C:/Program Files/Pointwise/CGridgenV15/My Grids/gridgen.gg"

Banner comments indicating
Gridgen version and script creation
date.

This series of Glyph commands
performs the same operations as the
Restart Gridgen command in the
MAIN MENU with all options picked.

This section reads in the new
composite database, called
gridgen.dba here, and Gridgen restart,
called gridgen.gg here, files.




Project Start-Up (Continued)
> > > > > > > > > >

Actual file paths can be troublesome if the script and files are moved to another
location. Therefore, it's helpful to make scripts independent of a specific path, as
in the rewritten version of the start-up script below:

# Gridgen Journal File V1 (Gridgen 15.08 REL 1)
# Created Mon Jan 1 00:00:00 2005

#

package require PWI_Glyph 1.6.8

# Delete any existing grids and database entities. Reset AS/W, defaults, and
# tolerances.
gg::tolReset

Sgiiv‘ﬁﬁifiieac _glob e This section no longer calls out a fixed
gg::aswDeleteVC -glob *** path to the files to be imported. Instead,
9g::aswSet GENERIC -dim 3 info script returns the complete path
# Read database and grid files. and name of the script file being

gg::dblmport [File join [file dirname [info script]] 'gridgen.dba‘“] -type DBA
gg::gridlmport [Ffile join [file dirname [info script]] “gridgen.gg“]

executed, while file dirname [info
script] strips away the script file’s

name and returns just the path. It's then
left for File join to combine this path

with the dba or gg file listed.




Anatomy of a Script
> > > > > > > > > > > > _Gtidaen

Of course, Glyph scripts can also be
used to build entire grids. To illustrate
this, a script which builds the familiar
mesh shown here will be examined.
This script, as well as other grid
generation examples, is provided as
part of the standard Gridgen
installation in the examples folder. In
addition, some utility scripts are —
located in the utils folder. Finally, a ] 1=
repository of even more useful scripts
IS maintained at: 1 [

http://www.pointwise.com/glyph/
The files contained in this “Glyph

Exchange,” besides being useful tools,




Anatomy of a Script (Continued)

> > > > > > > > >

Copyright 2002 (c) Pointwise, Inc.
All rights reserved.

This sample Gridgen script is not supported by Pointwise, Inc.
It is provided freely for demonstration purposes only.
SEE THE WARRANTY DISCLAIMER AT THE BOTTOM OF THIS FILE.

HHIFHFEHHEHR

HHHH AR AR R R R R AR R R
# GIT "Low Level API"™ script for the Bump on a Wall tutorial.

# Structured grid version.

HH R R R R R R R R R R

HHHHH R
T

# Clear out any previous grids
gg::memClear

# Reset the default values to avoid surprises
gg: :defReset

The script starts off with a comment block
indicating where it came from and what it does. A
cartoon diagram mimicking the diagram
accompanying the original tutorial shows the
basic geometry and defines the names of the
nodes that will be used to define it.

The command gg: :memClear removes any
previous information out of memory to avoid any
possible conflicts.

Just to be safe, gg: :defReset is invoked to
restore Gridgen’s defaults.




Anatomy of a Script (Continued)

setA"™ 0-80
set B "-20 0O 0"
set C "-10 O O"
set D" 10 O O"
set E"™ 20 0O O™
set F "™ 20 20 0"
set G '"-20 20 0"
setH"™ 0 50"

# set number of grid points on connectors

set numgp_BG 21

set numgp_EF $numgp_BG

set numgp_BC 7

set numgp_CD 15

set numgp_DE 7

set numgp_FG [expr $numgp_BC + $numgp_CD + $numgp_DE - 2]

HHHAHHHA AR
# CREATE CONNECTORS
HAHH AR

### CD
gg::conBegin
# Circular arc segment
gg::segBegin -type CIRCULAR_ARC
gg: :segAddControlPt $C
gg: :segAddControlPt $D
gg: :segAddControlPt $H
gg: :segkEnd
set con_CD [gg::conEnd]
# dimension
gg::conDim $con_CD $numgp_CD

o 2 2> 2 > >

Next, the nodes that will define the grid’'s
connectors are delimited. Notice that each node’s
coordinates are grouped within double quotes.

The dimensions for the connectors are now
assigned. Since the connector EF must have the
same dimension as connector BG, numgp_EF is
defined in terms of numgp_BF. Similarly,
connector FG’s dimension is defined in terms of
the dimensions of connectors BC, CD, and DE.

The first connector to be defined will be the
circular arc segment CD. Notice that the arc is
defined from its two endpoints C and D and a
third point, H, between them. Once the curve is
defined, it's given the name con_CD and then
dimensioned.




Anatomy of a Script (Continued)

> > > > > > > > > > O

##t BC
gg::conBegin
# Line segment
gg::segBegin -type 3D_LINE
gg: :segAddControlPt $B
gg: :segAddControlPt $C
gg: :segEnd
set con_BC [gg::conEnd]
# dimension
gg::conDim $con_BC $numgp_BC

### DE
gg::conBegin
# Line segment
gg::segBegin -type 3D_LINE
gg: :segAddControlPt $D
gg: :segAddControlPt $E
gg: :segkEnd
set con_DE [gg::conEnd]
# dimension
gg::conDim $con_DE $numgp_DE

### BG
gg::conBegin
# Line segment
gg::-segBegin -type 3D_LINE
gg: :segAddControlPt $B
gg: :segAddControlPt $G
gg: :segknd
set con_BG [gg::conEnd]
# dimension
gg::conDim $con_BG $numgp_BG

The remaining connectors all consist of single
line segments, simplifying their definition. Once
told that a connector is being defined with

gg: -conBegin, Gridgen is next told that a
3D_LINE segment is being added via the

gg: -segBegin command. After the control
points at each end are defined, the

gg: :segEnd command is issued to complete
the segment definition. The completed
connector is then named (gg: : conEnd not
only ends creation, but returns the ID) and
dimensioned.

Once the connectors are all made, a little
housekeeping is done by reseting the view in
the display window.

### EF
gg::conBegin
# Line segment
gg::-segBegin -type 3D_LINE
gg: :segAddControlPt $E
gg: :segAddControlPt $F
gg: :segknd
set con_EF [gg::conEnd]
# dimension
gg::conDim $con_EF $numgp_EF

#iHt FG
gg::conBegin
# Line segment
gg::segBegin -type 3D_LINE
gg: :segAddControlPt $F
gg: :segAddControlPt $G
gg: :segEnd
set con_FG [gg::conEnd]
# Dimension
gg::conDim $con_FG $numgp_FG

# Reset view
gg::dispViewReset




Anatomy of a Script (Continued)
> > > > > > > > > >

Next, the structured domain is assembled from the

HAHHHH AR AR

# CREATE STRUCTURED DOMAIN connectors. The process starts with the
P HHHHAAHHHA gg: :domBegin command, with the —type option set
gg: :domBegin -type STRUCTURED to STRUCTURED (not necessary actually as this is the

### edge BCDE (@min)
gg: tedgeBegin
gg: -edgeAddCon $con_BC
gg: :edgeAddCon $con_CD
gg: -edgeAddCon $con_DE
set edge_BE [gg::edgeEnd]
### edge EF (imax)
gg: -edgeBegin
gg: -edgeAddCon $con_EF
set edge_EF [gg::edgeEnd]
#H# edge FG (gmax)
gg: -edgeBegin
gg: -edgeAddCon $con_FG
set edge FG [gg::edgeEnd]
### edge BG (gmin)
gg: tedgeBegin
gg: -edgeAddCon $con_BG
set edge BG [gg::edgeEnd]

set dom A [gg::domEnd]

default). Each edge is then defined starting with the
gg: -edgeBegin command. The bottom edge BCDE is
composed of three connectors (BC, CD, and DE), while
the remaining three edges have one connector each.
Each connector is added with the gg: :edgeAddCon
command. Each edge is also named when the

gg: -edgeEnd command is issued to finish the
corresponding edge (the command returning the edge
number of the newly created edge). The domain is
similarly named when the gg: :domEnd command is
issued (the command returning the ID of the new
domain).




Anatomy of a Script (Continued)

> > > > > > > > > > O

HH A
# RUN STRUCTURED SOLVER
TR TR T

gg: :domTFISolverRun $dom_A

gg: :domEllSolverAtt $dom A -bg_control LAPLACE
gg::domEllISolverBegin $dom_A
set results [gg::domEllSolverStep -iterations 100]
# Print out the residual results neatly
puts "iter residual max resid"
foreach {i res maxres} $results {
puts [format "%4d %-8.4e %8.4e" $i $res $maxres]

gg::domElISolverEnd

HHHHIHHHH
# EXPORT PLOT3D GRID FILE
HHHHH AR
gg::domExport "ALL"™ "bump.grd" \
-style PLOT3D \
-format ASCII \
-precision DOUBLE

HH
# SET FLOW SOLVER
TR T

gg::aswSet "FLUENT V5" -dim 2

With the domain formed, the structured solver is
called to do some smoothing of the mesh (just as in
the tutorial). In this script, the structured domain
$dom_A is first initialized using TFI (strictly speaking
not required here as this was done automatically by
the last command gg: :domEnd). Next, the
background control function attribute is set to
LAPLACE with the gg-domEl1SolverAtt command.
The solver is then told to step through 100 iterations
(gg: -domEl1SolverStep) with the residuals
“neatly” printed to the screen. The solver is then
exited.

The domain is then exported as a PLOT3D grid file.

Note the use of \ for continuation of the
gg: :domExport options.

The solver is next set with the gg: -aswSet
command to FLUENT V5, and the mesh is declared
to be two-dimensional.




> > > > > > > > > > O

Anatomy of a Script (Continued)

HAHHAH AR

#

CREATE BLOCK

HHHHAH AT
gg::blkBegin -type STRUCTURED

gg: :faceBegin

gg: - faceAddDom $dom_A

gg: :faceEnd

set blk_A [gg::blkEnd]

HH R
# APPLY AND EXPORT FLUENT BCS
HHHHHH R AR A

gg: -aswSetBC ""$con_EF" OUTFLOW

gg: -aswSetBC "$con_BC $con_CD $con_DE™ WALL
gg::aswSetBC ""$con_FG" "PRESSURE FAR FIELD"
gg: :aswSetBC "$con_BG" "PRESSURE INLET"

gg: -aswExport "bump.cas"

HHHHHH AT

# EXPORT GRIDGEN FILE

HHHHH R R R

gg::gridExport "bump-str.gg"

#
#
#
#
#
#
1

DISCLAIMER:

TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, POINTWISE DISCLAIMS

ALL WARRANTIES, EITHER EXPRESS OR IMPLIED,

INCLUDING, BUT NOT LIMITED

TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR

PURPOSE, WITH REGARD TO THIS SCRIPT.

APPLICABLE LAW,

IN NO EVENT SHALL POINTWISE BE LIABLE TO ANY PARTY FOR

TO THE MAXIMUM EXTENT PERMITTED BY

Block creation follows, simplified here as
this is a two-dimensional mesh and hence
there’s only one face. As with connector
and domain creation, the corresponding
block creation mode has to be entered
(9g: :blkBegin) to start and exited

(9g: :blkEnd) to end.

Fluent-specific boundary conditions are
next set. Since Gridgen has been
previously told that this is a two-
dimensional problem, it expects the entities
to be connectors.

The final commands, gg: -aswExport
and gg: :gridExport, write the analysis
software and Gridgen restart files,
respectively.

Finally, there is a comment block for a
“Disclaimer.” Unfortunately, space
precludes listing it here in its entirety...




> > > > > > > > >

As even this simple
example shows, there’s a
great number of Glyph
commands, and each has
very specific rules
governing its use. A vital
resource to learning about
and understanding these
commands is the Glyph
Reference Manual. This is
available online through the
Help button in the GUI
(printed copies are also
available by order).
Contained in this manual
are detailed descriptions,
instructions, and examples
for all Glyph commands.

—
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Tk, Tcl's Graphical Toolkit
> > > > > > > > > > > > _ddaen

Tk is Tcl’'s graphical toolkit for creating

“' Glyph Script - axial_gui.glf |Z||E|rg|

raphical user interfaces, like that shown : :
aerg. Tk is actually a set of Tcl commands Axial Turbine Template | Gridaen
for creating widgets, a window in the “‘sp'f'w @ Dimension " Distiibution Blade Comne| 3
interface with a particular appearance and ﬁt
behavior. Examples of widgets include M T
buttons, sliders, text input windows, b 1
menus, and the general canvas to place :j,':zj
them on. emcea: [N
I
¢ 10
Delving into the intricacies of Tk is beyond *'_fl_ﬁ
the scope of this course. However, there o w:;,':l;
are a number of examples included with k[ s
the standard installation of Gridgen and on Total: [ 13035
our website. o




Tk, Tcl’'s Graphical Toolkit (Continued)
> > > > > > > > > > > > _ddaen

Tk was originally developed for X window systems, so Tk widgets are stored in a hierarchy
just like X widgets. Thus, there is usually a parent window with several child windows,
each of which can have additional children widgets and so on. This hierarchy forms the
basis of identifying widgets and arranging them graphically on the screen.

Adding a widget to a hierarchy involves two steps: creation and placement. Each widget
type has a specific creation routine, while geometry managers that control a child’s size
and location relative to their parent govern placement.

Tk programming differs from Tcl in that Tk is event driven while Tcl essentially executes
commands serially. A Tk program typically starts with the creation of widgets and definition
of routines to be called in response to specific events and then enters an event loop to
wait for user action.

There are many references that provide additional details on Tk. These are listed in the
Glyph Reference Manual.




Tk, Tcl’'s Graphical Toolkit (Continued)
> > > > > > > > > > > > _ddaen

Gridgen includes a standalone Tk interpreter, called ggwish, for running or testing Tk scripts
(note that this interpreter only understands non-Gridgen-specific commands as those commands

are not recognized outside Gridgen itself). This interpreter is virtually identical to the standard
wish interpreter that normally comes with standard Tcl/Tk distributions except for a few bug

fixes.

Running a Tk-enabled script in Gridgen differs slightly from running it in wish or ggwish in that
two commands have to be added:

One informs Gridgen that Tk widgets will be used to define an interface other than the default
one. This is gg:tkLoad which has to be placed before any Tk commands can be issued. This
command causes Gridgen to dispose of the default interface and expose the Tk commands to
the script.

The other prevents the script from terminating prematurely. When Gridgen normally encounters
the end of a script, script execution is terminated and control reverts back to the standard GUI
interface. In wish (and ggwish), an event loop is entered when the end of a script is reached.
This facilitates the operation of the Tk program as described on the previous slide. To duplicate
this behavior in Gridgen, gg:tkLoop has to be called. This puts Gridgen into an event loop until
ex 1t (exits the script normally), gg: -abort (exits and reports the script was aborted), or
-terminate (exits script and closes Gridgen) is called.




GridgenTraining
> > 5 > > S5 > > S5 > O

O In this session:
o Glyph.
O Tutorial: “Converging-Diverging Nozzle: Using Glyph Scripting.”

Review
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