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Chapter 1 - Whereto Begin

1.1 Introduction

GridPro is unique; it minimizes your work and maximizes your efficiency. Relying
heavily on automation and lightly on user input, GridPro generates multi-block, structured grids
with relative ease and quickness. You input surfaces and awireframe topology; GridPro does the
rest.

GridPro provides a huge pardigm shift in grid generation technology. With GridPro’s top-
down approach, users no longer need to concern themselves with massive amounts of detailed,
manually inserted data. Rather, they let the program work out the spatial relationships. The
mathematical underpinnings that reduce the user effort also account for GridPro’s substantially
high grid quality. This quality comesin the form of near orthogonality, smoothness, low
warpage, and curvature clustering for both concave and convex boundaries.

GridProisan “automatic” grid generator, which accesses an automatic process earlier than
any other “automatic” grid generator. Included in GridPro’s automation are such tasks as surface
grid generation, zone construction, and the intersection between surfaces.

GridPro essentially reduces grid generation to topology generation. The primary user
input is a pattern of points referred to asthe grid topology. The language that organizes this pat-
tern of pointsiscaled “Topology Input Language” (TIL). You can input these points directly in
the AZ graphic manager. Asyou input pointsin AZ graphic manager, TIL code is automatically
generated. Users have choices of using graphic manager and/or TIL code.

GridPro can be used for multiple applications in multiple ways. The program will grid
simple cases or complex cases, in two or three dimensions. By producing grids on objects as
diverse as anuclear test missile or a human heart, GridPro showcases its flexibility aswell asits
depth. Obtaining realistic configurations is an essential industrial need for engineering anaysis.
These configurations are often complex, and normally require alarge amount of human time to
produce agrid. GridPro’s automated processes handles massive complexity that requires alarge
number of blocks very efficiently (with alarge number of blocks). It can take hundreds or thou-
sands of blocks. There isbasically no limit in number of blocks.

GridPro takes the grunt work out of grid generation. The program has features which
enable you to perform a variety of basic and complex procedures without having to manually
write TIL (Topology Input Language) code with its associated minutiae and rules. Benefit of TIL
code, on the other hand, is the versatility of being able to handle all possible scenarios.



Being the only program boasting a fully compiled language, GridPro provides you with
the option of working inthe TIL code or the AZ (automatic zoning) Graphic Manager. The AZ
Graphic Manager provides an interactive environment for the gridding process, an environment
that allows the user to see and manipulate the object being gridded. Also, the AZ Graphic Man-
ager is the underlying system that enables GridPro to transform topologies into grids. The result-
ing grids are structured multi-block grids. In this manual, the effective usage of the Az Graphic
Manager is thoroughly presented.

Fiqure1.1 Your ultimate goal isto perform engineering or scientific
analysis using the grids that you have generated. Depending on
what analysis you wish to perform, you can vary the quality of
your grid at specified pointsin the gridded region. This manual
covers the steps leading up to preparing agrid for anaysis:
Inputting surfaces, placing a topological wireframe about these
surfaces, assigning parts of the wireframe to these surfaces, grid-
ding the resulting topology, and viewing the resulting grid.
After generation of your grid, you can easily observe cross sec-
tionsin order to determine if any areas need further refinement.
Figure 1.1 illustratesthe first step in the gridding process, which
Isto define aregion to be gridded. The figure shows the bound-

A collection of surfacesboundinga @y surfaces.
region to be gridded

GridPro contains built-in Fiqure1.2
surfaces, which are ellipsoids and planes, that although sm- .
ple, are helpful in many practical circumstances. However,
because real-life objects rarely mimic symmetrical regions,
you cannot always use GridPro’s built-in surfaces. When you e |
become sufficiently adept at GridPro, you will want and be ' [ S
able to either create or modify arbitrary surfaces using the i '
program’sfacilities. You may also want to import surfaces Fong =
from other design programs such as CAD (Computer Aided ) e
Design).

After inputting surfaces, whether or not they are built-
in from GridPro or from CAD, you create atopology for the s wireframe for the region enclosed by the
region bounded by those surfaces. Topology generation con- surfacesin figure 1.1
tains two parts. (a) wireframe construction, and surface
assignments. A topological framework (or wireframe topology - see figure 1.2) is properly
designed according to the multi-block scheme Gridpro utilizes. Upon inspection, you will note
that the wireframe defines a pattern of grid points. To design awireframe correctly, you first
define your wireframe through the creation of a coarse unstructured quadrilateral (2D) or hexahe-



dral (3D) grid about the region. Then, establish an association between your wireframe and your
surfaces by assigning appropriate wireframe corners to these surfaces. Much of this manual is
geared toward teaching you how to establish properly topologies for various regions. Aswith
anything else, we will first work on constructing topologies for simple cases, then we will tackle
more complicated ones | ater.

Eigure1.3 The manual discusses the various graphical actions
which are performed to: (1) generate topology interactively:
(2) generate grids automatically using that topology: (3) view
the generated grids. Automatic grid generation results from
interactively or manually generated topology code (TIL
code). The topology codes are written to TIL code files.
These files can be created by either interactive means or
manual text edit, and can be reused, edited, or combined.
Grid generation takes place when the user applies Ggrid, a
transformation process, to the topology code file (with exten-
sion .fra). The interactive launch of Ggrid is performed with
adefault .TIL file unlessthe user wishesto name it differ-
ently. Thegridinfigure 1.3is obtained from the surfacesin
figure 1.1 and the topology in figure 1.2. The grid viewingis
donein avery flexible manner, alowing for usersto view
Images comprising solids and/or sheets. Trimming and clip-
ping help for the display of solids and sheets. In addition to learning how to utilize various inter-
active process, being able to choose good topologies is an important part of using GridPro, and
will be addressed later in this manual.
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The grid (shell view) for the region in
figure 1.1

The manual isorganized to teach you methodically how to use GridPro, and issplit up into
three parts. Thefirst part describesthe essential operations and features of the program, including
the drawing area, the cut plane, topology construction, grid generation, and grid viewing. The
second part expands on the previously presented concepts, and introduces features such as topo-
logical groups, grid slices, surface geometries, surface repair, and grid property assignment.

Thethird part includes useful appendices. By using the “Menu Navigation” appendix and
the “ Summary of Operations” appendix, you can find the location and function of each operation.
The “Guidelines for Building GridPro Topology” appendix broadly but systematically describes
the stepsinvolved in gridding aregion from start to finish. This appendix also delineates mistakes
frequently made by the user. The “Frequently Asked Questions’ appendix provides answersto
common problems. The last appendix, “Incorporating User-Defined Solver Formats,” deals with
post-processing and the appendix applies to contents in Chapter 9. Asthe last appendix, “ Sum-
mary of Operationsis attached.



The manual uses the following conventions:

i) sideways carrots, < >, for keyboard keys.
I1) square brackets, [ ], for buttons.

Iii) single quotes, * *, for file names:

iv) double quotes, “ 7, for anything else.

Due to the introductory nature of this manual, only basic skills and basic techniques will
be presented. If you are interested in particular case examples, please refer to GridPro’s Case
Book. Some objects, such as rotationally symmetric turbines, and some operations, such as
assigning boundary conditions to a surface, will not be covered in the manual. GridPro can per-
form such operations and manipul ate such objects.

In order to develop the intuition necessary to run GridPro effectively, we will focus on
examples. Therefore, in addition to containing tutorial documentation, this manual will guide you
through several, simple example problems step by step. Since the visual result of a procedure
often enhances understanding of the process in hand, we will provide ample figures as we go
through examples.

In addition to explanatory prose, this manual contains both example problems and exer-
cises to enhance your understanding. The manual supposes that you have a computer beside you
and are able to experiment with an operation or a set of operations as you read about them. Itis
highly advisable to work on these exercises in order to reinforce your knowledge.

1.2 Menu Format

The menu format for GridPro is user-friendly. The main window consists of adrawing
area, atop menubar, and acommand panel. The drawing area displays all surfaces, grids, and
topology. You perform actions using the top menubar or the operations on the right.

The menus activated from the top menubar put you in different modes. You will be work-
ing mostly with the menus dealing with surfaces, topologies, and grids. The “panel=T" menu
alows you to toggle among the “ Topology Builder,” “Grid Viewer,” “mini CAD,” and “Property
Setter” panels (which are modes). The expression, “panel=T", is an abbreviation for “ Topology
Builder.” Inthe“Topology Builder” panel, you can input surfaces and place topologies about
them; inthe “Grid Viewer” (“panel=G”) panel, you can view and manipulate a gridded object.
The “mini CAD” (“panel=S’) panel contains operations which alow you to prepare surfaces for
use on GridPro. The“Property Setter” (“panel=P") panel allowsyou to assign propertiesto grids.
All modes share the operations found in the upper half of the command panel (the “fixed” opera-
tions) and each mode contains unique operations in the lower half (the “switchable” operations).
Each half is separated by alarge blue bar. GridPro’s window format isillustrated in figure 1.5.
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Each operation in the command panel has at most one layer of subcommands. Because of
the highly automated nature of Gridpro, each operation on GridPro performs functions which
would require more button-pushing on most other grid generation programs. Additionaly, al the
operations for a specific mode are displayed at the same time to maximize efficient application by
the knowledgeable user.

Depending on the mode you select from the “panel=T" menu, you will choose to use other
menus from the top menubar. The *surf” menu allows you to perform various operations relating
just to surfaces. The“grid” menu alows you to perform various operations relating just to gener-
ated grids. The “topo” menu contains operations allowing you to manipulate topology and opera-
tionsrelating to the gridding process. Specific operations located within the “surf,” “grid,” and
“topo” menus will be explained later in the manual.

Other important basic menus include the “dim” and “help” menus. The “dim=2" or



“dim=3" menu ssimply places you in the 2-dimensional or 3-dimensional mode. The*help” menu
accesses a pulldown menu with three options. The “long help” option opensadialogue box. This
box explains, in detail, the function of whatever operation to which the mouseis pointing. The
“short help” option allows you to see a quick description of an operation, and the “no help” option
turns off the help feature. The “help” operation comes handy if you prefer to understand the func-
tion of the operation without referring to this manual.

We will be back for The “corn=c,” “read=n,” “pty=PDC” and “c=0" menus |ater.

1.3 Getting Started

Like any other computer program, GridPro has a set of defaults. For instance, when the
“Topology Builder” panel is accessed, operations allowing you to manipulate topology are avail-
able. In general, because of the program design, there is no need to consider the defaults. How-
ever, be aware that in the course of your use, you might inadvertently toggle a default. In order to
start with the appropriate features, make sure the [cut] and [axis] buttons are not depressed. Inthe
brown “STYLE” box, select “shade’ under “stop” and “point” under “move’. Inthe green
“ROTATE” box, select “eye” in the “sys’ menu and “origin” in the “ctr” menu.

If you are using GridPro on a PC, you might need to “jiggle” the drawing area after per-
forming an operation to see the results on the screen. In order to “jiggle’ the screen, perform a
dight trandation or rotation (use a mouse button to dightly drag the cursor).

In order to start utilizing, or just even playing around with, the program, you should have a
workable surface to manipulate. The superellipsoid is arepresentative surface with which to
work. To see such a surface after you create it, access the “ Topology Builder” panel or elseyou
will have to turn on explicitly the display with the [surf] button under the green “SHOW” box.
Therefore, click with the left mouse button on the “panel=T" menu, then move the cursor down to
the “ Topology Builder” selection and click again. Because you desire to create a superellipsoid
instead of a superellipse, set the dimension modeto “dim=3". To create a superellipsoid, access
the “ surf” menu, then select “load —ellip.” A parameters box will appear. In thisbox, you can
specify the parameters of a superellipsoid. Note that each surface contains a unique parameters
box. The sequence of subwindows that appear, as well as the locations of menus, are found in fig-
ure 1.6.
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Figure 1.6
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Thefirst item in the “load —llip” box isthe surface id (identification) number of the
object. Every surface created has a numeric identity. Surface ids are useful when you must
mani pulate many objects, and need to distinguish one object from another. You cannot change

the id number of a surface. For now, ignore the “type” option.

The next four items, “center,” “semi-u,” “semi-v,” and “semi-w,” define the shape and
position of the superellipsoid using (X, Yy, z) coordinates. You can input whatever coordinates you
wish. If you do not want the superellipsoid to undergo a transformation, let the semi-u axis corre-
spond to the x-axis, with coordinates (x, 0, 0) for some fixed value of x. Also, let the semi-v axis
correspond to the y-axis with coordinates (0, y, 0) for afixedy, and let the semi-w axis corre-
spond to the z-axis with coordinates (0, 0, z) for afixed z. If you arejust learning about GridPro,
you might want to keep (simple) the properties of the surfaces you create as simple as possible.
For example, to create an ellipsoid with semi-axial lengths of 1, 2 and 3 respectively along the x,
y, and z axes, the u, v, and w semi-axes are given by (1, 0, 0), (0, 2, 0), and (0, O, 3) respectively.
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The “power” option defines the relation that provide the shape of the built-in surface and
the “ orientation” option defines direction of the normal vector to the surface. An ellipsoidis
defined by a second order function which render ashape of an oval. A superellipsoid is defined by
ahigher order function. The smplest analogiesin cartesian coordinate systemare f(x,y,z) = 0

where  f=x2+y2+272-1 forandlipsoidand f=x"+y"+z'-1  withn>2 fora
superellipsoid.

You can alter the n value by changing the number next to “power.” By increasing the
surface's power from its default setting of 2, you are making the resulting superellipsoid |ook
more like arectangular prism or, in other words, abrick. When you press the [+side] button next
tothe“orient” heading, a submenu with three items appears. Theitemsare“+ side,” “- side,” and
“2ddes.” Each item dictatesthe direction of al vectors normal to the surface. The + directionis
outward and the — direction isinward. The orientation of a surface determines the region to be
gridded; that is, either in the region outside or inside the surface. Thiswill be discussed in details
later.

Also, ignorefor now the “scale,” “norm-spc,” “label,” “ stretch” and “property” options; in
order to implement your specifications, press[ok]. You must press the [ok] button in order to
have your surface created. On the screen, you should see a superellipsoid. If you do not, then
perhaps you have positioned your surface too far away from the viewing window; press the
[unzoom] button, which is located in the UN-REDO region. To adjust the factor to which you
unzoom, click on the [4.0] button found to the right of the [unzoom] button. Then, you can
choose adifferent factor from the resulting pop-up menu. Unzooming repeatedly by alarge factor
enables you to thrust outward quickly from a microscopic boundary region. The locations of the
operationsin the“load -ellip” parameters box are illustrated in figure 1.7.
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cancel| ok | on the screen rectangle. Asyou drag the mouse,

e the rectangle expands so that the
line between the mouse's original position and current position is the diagonal of the rectangle.
When you release the button, the screen zooms in on the specified rectangle automatically. The
right mouse button enables you only to zoom in; in order to zoom out, press the [unzoom] button.
If you have started to drag the zooming rectangle and then decide to eliminate it, make the rectan-
gleassmall as possible. Most likely, the rectangle will then disappear.

The middle mouse button is used for rotation. Rotation can be about the origin, an axis,
the center of mass of an object, the center of mass of many objects, or any arbitrary point in space.

EXERCI SE #1.

Select the 3-d mode and create any superellipsoid. Rotate and zoom in on different
parts of the surface. In other words, play around with the surface and learn to manipulate the
mouse effectively.

In order to relate relative positions of surfaces, you can access orthogonal x, y, and z-axes
by depressing the [axis] button found in the green “SHOW” box. The axes can be of help to and
necessary for some applications.

If you desireto work in 2 dimensions, you should start from scratch. Because you work in

the default z = 0 plane in 2 dimensions, do not start a 2-dimensional project if you have been
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working in 3 dimensions. In other words, by working in 3 dimensions, you might have changed
the defaults necessary for manipulating surfacesin 2 dimensions.

Although knowing how to manipul ate 3-dimensional objectsisimportant, learning how to
utilize 2-dimensional objects will improve your ability to use GridPro. The best representative 2-
dimensional surfaceto work with isthe superellipse. Accessed in the same manner as the super-
ellipsoid, asuperellipseisinputted by setting the length of the semi-w axisto avery large number
(remember, you are working in the plane, z=0). For example, arepresentative superellipse, the
unit circle, would have semi-u axis (1, 0, 0), semi-v axis (0, 1, 0), and semi-w axis (0, 0, 10000).
After establishing a 2-dimensional surface, you best select “line” and “point” respectively under
“stop” and “move” in the brown “STYLE” box.

EXERCI SE #2:
Select the 2-d mode and create any superellipsoid. Rotate and zoom in on different
parts of the surface.
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Chapter 2 - Introduction to Visual Features

2.1 Rotation, Translation, and Zooming

Because you can learn how to use GridPro best through example, we shall start off the
chapter with an example problem. Aswe do the problem, we will learn about current surfaces,
rotation systems, relative sets of axes, and orthogonal relations.

EXAMPLE PROBLEM #1:

Createtwo identical superellipsoidsthat do not intersect. Manipulate the surfacessuch
that the top of the screen cutsinto the sea blue surface while the bottom of the screen cutsinto
the dark blue surface. Then, manipulate the superellipsoids such that one volume completely
coversthe other. Switch the positions of the volumes.

First, because we are dealing with superellipsoids, we make sure we are in the 3-dimen-
siona mode (dim=3). Then, because we want to start with a blank screen, we clear the screen of
all surfaces previously created. To perform this operation, we open the “surf” menu and click
“delete all.” We then click [ok] on the subsequent confirm message. Also, in order to begin with
the necessary defaults, we should make sure “shade” is under stop and “point” is under move in
thebrown “STYLE” box. The[cut] and [axis| buttons should not be depressed, and we should be
in “Topology Builder” mode (accessed through the “panel=T" menu). Inthe green “ROTATE”
box, “rotate by eye system” should be selected under “sys’ and “fixed at origin” should be
selected under “ctr.” Now, we must create two superellipsoids that do not intersect. Therefore,
despite the size of the surfaces axes, the surfaces should be sufficiently far apart. Also, for the
surfaces to be superellipsoids, the “ power” must be greater than 2.

We click “load —€llip” under the “surf” menu, and proceed to set the ellipsoid parameters.
Because rotation features allow usto look along one axis, the centers of both superellipsoids
should be on the same axis (because we want to look at them on the screen such that one com-
pletely coversthe other). With thisrationale in mind, let ustype in our current center’s surface as
(5, 0, 0), and leave the “semi-u”, “semi-v”, and “semi-w” axes at their default settings. Also, let
us change the number in the “ power” box from 2to 3. Ignoring the “orient” box, weclick [ok]. If
the superellipsoid appears small, we use the right mouse key and zoom inon it. If the superellip-
soid does not appear or istoo big, we press, [unzoom]. Because the surface you created is offset
from the origin, you will most likely have to unzoom in order to see the superellipsoid.

Now, we will create the other surface. After accessing “load —€llip” again, we notice that
the surfaceid is different. The parameters of the problem imply that an axis and the centers of the
ellipsoids should be colinear; let ustype in the coordinates (-2, 0, 0) in the “ center” box. Leaving
the semi-axes at their default settings, we replace the 2 in the “power” box with a 3, then click,
[OK].
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Both superellipsoids are now on the screen. We notice that one is sea blue and the other is
adarker blue. The current surface is defined as the one that is seablue. The current surface'sid
number is shown in the top left corner of the viewing window. Following the id number isa-1in
parenthesis. This number reveals to the user that the current surface was created from abuilt-in
database, and not from the TIL code. In order to make the other surface current, we go to the
green “CURRENT” box. The (<, >) arrowsto theright of the [surf] button scroll through the cur-
rent surfaces. Using these operations causes each surface to switch colors. When the [surf] but-
ton (inthe “CURRENT” box) is not depressed, the current surface disappears. Therefore, a
default of the “Topology Builder” panel isto have the [surf] button depressed.

By using the mouse buttons, we can translate, rotate, and zoom in on the surfaces so that
the screen cuts each surface. Thefinal result is shown in figure 2.1.

Figure2.1
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In order to do the second part of example problem #1, we must first learn about the differ-
ent GridPro rotation operations. All the rotation operations are located in the green “ROTATE”
box. The box containsthe “snap,” “sys’ (system), and “ctr” (center) menus as well as the [pK]
(pick) button.

There are four sets of axes. the screen axes, the world axes, the cut plane axes, and the
rotation axis. Ignore the rotation and cut plane axes for now. The screen axes are fixed to the
screen; the screen x-axis travels left to right, the screen y-axis travel s bottom to top, and the
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screen z-axistravels out of the screen. The world axes are fixed to the model. They can be trans-
lated and rotated relative to the screen axes.

The [snap] menu enables us to perform a transformation on the world axes so that they
correspond to the screen axes. In the [snap] menu, the “world: xyz” operation rotates the model
such that the world axes go to the closest possible screen axes. For example, “world: xyz” might
align the world y-axisto the screen z-axis, the world x-axis to the screen y-axis, and the world z-
axisto the screen x-axis because that transformation requires the least rotation. The“x,” “y,” and
“Z" operations (following the “world: xyz” operation) snap theworld X, y, or z-axis to the nearest
screen axis, but leave the other two axes unsnapped. The last three operationsin the “ snap” menu
perform specific transformations from the world axes to the screen axes. For example, the
“w:xyz->s:zxy” operation aligns the world x-axis to the screen z-axis, the world y-axis to the
screen x-axis, and theworld z-axisto the screen y-axis. The“w:xyz->s:xyz” and “w:xyz->s.yzx:”
operations perform similar transformations. Ignore, for now, the “cut-p” rotation options. Of

course, in order to have an understanding of the differences between these operations you should
experiment with them on the computer.

Fiqure 2.2 The“sys’ and “ctr” menusrelate to
the rotation action performed using the mid-

a2 Campas masps | T T L . o) -1 b ! i
e =1  dlemouse buttor_l. The “sys’ menu defines
' ;h- ﬂ:‘_n;l | the system we wish to rotate under, and the
) :llr:mi - | “ctr” menu defines the object or objects we
! wanmuamw|  Wishto rotate about. Inthe “sys’ menu, the
. ', s “rotate by eye system” operation allows us
' ' SATSS = to rotate objects such as surfacesin the same
. 1 ONT-F: o cirj o] | “ g i AR
' ' sagms=rr|  general “direction” we move the mouse.
' ' otation s pam === Technically, the “rotate by eye system”
' @sws = gperation allows us to rotate about an on-
. ’ woissidpe|  SCreen rotation axis perpendicular to the cur-
' 21t diwers  SOr'smovement. The*rotate by world axis’
" screen axes L "_"ﬂE“_ i

] operation (in the “sys’ menu) allows usto
I L7 e ==ss  rotate about aworld axis of our choice.
. " world axes s wowmany | With this operation accessed, we can click
V on whatever world axis we wish to be our
axis of rotation. When we select many
operationsin the “ctr” menu, we will see a set of rotation axes appear apart from the world axes.
A pair of parallel axesisaways present. However, when the rotation center is at the world origin,
both sets of axes are coincident and we can see only one. In the “ctr” menu, the “fixed at origin”
operation fixes the rotation center at the origin of the world axes, and the “fixed at surf” operation
fixes the rotation center at the center of mass of the current surface (remember, we can change
current surfacesin the green “CURRENT” box). The “fixed at model” operation fixes the rota-
tion center at the mass center of a group of surfaces, and the “follow view” operation fixes the
rotation center at the center of the viewing window. |If we trandate an object under “follow
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view,” the origin of the rotation axes will remain in the center of the viewing window while the
world axes move away. The “fixed here” operation enables the origin of the rotation axes to
remain afixed distance away from the origin of the world axes when surfaces are translated. In
addition, you can pick arotation center at any point in space, on atopological wireframe, or on a
grid with the cursor when the [pk] button is depressed. The [pk] button is quite convenient
because it offers the user great flexibility in viewing options; one can pick points on surfaces,
wireframe corners and edges, grid block edges, grid sheets, the cut plane axes, etc. Figure 2.2
illustrates some sets of axes.

Notice how effeciently you can manipulate the drawing area. You can trandlate, rotate,
and zoom in on the contents of the drawing area without taking your eyes off the drawing area.
Unlike other grid generation programs, GridPro contains no annoying dials, which take your eyes
off your work as well as take up unnecessary space.

Returning to the second part of example problem #1, we notice that we must rotate the two
surfaces such that one surface blocks the other from view. Therefore, we need to look along the
world x-axis; the world x-axis should be sticking out of the screen. Thus, we must align the world
x-axis with the screen z-axis. To do this, we open the [snap] menu and select “w:xyz->s:zxy.”
Automatically, our view of the surfacesis changed and one superellipsoid completely coversthe
other. In order to switch the positions of the objects, we can use another operation in the [snap]
menu. The"w:xyz->s:zxy” operation cannot switch the positive-negative orientation of the axes.
In other words, it cannot transform the positive z direction into the negative z direction. There-
fore, that operation will always put the same superellipsoid “in front” of the other. In order to
accomplish our objective, we first position one superellipsoid almost in front of the other (we do
not have to be precise) by rotating the volumes about 180 degrees around each other. Then, we
click the “world: xyz” operation under the “snap” menu, and obtain the desired result. EXAM-
PLE PROBLEM #1 COMPLETED

Often, you will want to have surfaces peering out of the sides of the screen to look evenly
between them or to attain a better perspective on the topol ogy.

GridPro helps you keep track of multiple surfaces with some operations under the “surf”
menu (located on the top toolbar). Inthismenu, the*reload current” operation rel oads the surface
dialogue box of the current surface you originally accessed using “load -€ellip.” You can make
any desired changes to the parameters or even switch surface types. If you switch surface type,
then you must of course insert the appropriate parameters for the new choice. Once you have
completed your specifications, press [apply] to implement them. If you want to delete a surface,
make this surface current and click “delete current” under the “surf” menu. If you want to delete
al the surfaces, click “delete all” under the “surf” menu. If you prefer to hide all surfaces rather
than delete them, depress the [surf] button found in the green “SHOW” box. Press the button
again to make the surfaces reappear. Recall that the [surf] button in the green “CURRENT” box
hides only the current surface; the [surf] button in the green “SHOW” box hides all the surfaces.
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You should experiment with these operations using the superellipsoids created in example prob-
lem #1. You must remember which surface is current and which surfaces are hidden, especially
with similarly positioned surfaces.

EXERCI SE #3:

Create three superellipsoids with colinear centers. Make one of the surfaces cover the
other two. Repeat thislast procedurefor a different surface.

2.2 Drawing Styles of Objects

EXAMPLE PROBLEM #2:
Create a superellipsoid inside another, larger superellipsoid. Manipulate the screen so
that the user can observe outlines of both ellipsoids.

In order to simplify the geometry, we should make both superellipsoids concentric. We
click, “load- elip,” change the number in the power box from 2 to 4 (or any number greater than
2), and leave the axes and center boxes alone. Pressing [0k], we create a fourth-order superellip-
soid centered at the origin with axes length = 1. Then, we access “load- ellip” again, change the
number in the power box from 2 to 8, and give each axis alength of 4. Therefore, the semi-u box
should read (4, 0, 0), the semi-v box should read (0, 4, 0), and the semi-w box should read (O, O,
4). Finally, we press[ok].

The operationsin the brown, “STYLE” Fiqure2.3
box dictate how we see geometry. Whatever chade shade near hidden line
operations are accessed in this box determine cut plane removal

what we see on the screen. The “stop” menu \
determines how surfaces are outlined when 1\
they are till. The “move’ menu determines

how surfaces are outlined when they are mov- /
ing. Five of the seven types of outlines are dis- y W=

played on the same surfacesin figure 2.3. The
two outlines not displayed, “points’ and “1/10
points,” cover surfaces with points. The“1/10
point” outline covers surfaces with one tenth of
the points displayed from using the “point” out-
line. In general, the “move’ menu should
always have the “point” or “1/10 point” option
accessed because these options allow surfaces
to be moved quickly and smoothly. However, GridPro isaflexible program, one that can be used
on both graphically fast and graphically slow computers. If you are using afast computer, the

HLR with shade lines
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computer will not slow down when certain operations under the “move” menu, such as “shade,”
are chosen. For graphically slower computers, you best choose “point” or “1/10 point.”

Ascan be seen from figure 2.3, the “ shade near cut plane,” and “lines,” operations provide
us with transparent outlines (the “point,” and “1/10 point” operations do aswell). Therefore, we
can see both superellipsoids when one of these four operationsis accessed. EXAMPLE PROB-

LEM #2 COMPLETED

Figure2.4
establishes “picks’ rota-
rotationa sys- tional center at

tem any point

~

aligns ROTATE:sys [ ctr

SI¥LE: =top mowve
shade  |paint
SHOM: oz ot 1) I8

surf ory
0k 1= i el ol s
K e ort

01T pa rors

hend| cLip] aide] FLL|
UM-RED : unmul“.ﬂ
topo o o view o o]

wieulfgrp rec|-——

establishes
rotational cen-

ter

retrieves
viewpoints

records
viewpoints

Often, you will discover a useful view-
point on your geometry. To save such view-
pointsfor future use, press|[rec] inthe “UNDO-
REDO” box. For the same geometry, you may
press [rec] as many times as desired. The com-
puter will save each viewpoint chronologically.
When you desire to retrieve a saved viewpoint,
you can scroll back and forth through the saved
list using the [<] and [>] buttons found above
the [rec] button.

Some aforementioned operations are
illustrated in figure 2.4.

EXERCI SE #4
Create two superellipsoids that lie within
another, larger superellipsoid. Outlineall

three such that you are able to see them on the screen at the same time.
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Chapter 3 - The Cut Plane

3.1 Overview

The cut planeis, smply, a plane in space that is used for interactive topology generation
and for graphical viewing. It represents atool that allows you to place topology around, behind,
and below objects. Essentially, the cut planeis at the heart of creating and visualizing three-
dimensional topology. For example, if you want to create a wireframe of a cube enclosing a
sphere, you need a device that can move you around the six faces of the cube. The cut plane
alows you to place topology at any (X, Y, z) coordinates in space. The plane can be rotated and
translated to fit any position. Like all planes, the cut planeisinfinitely long. However, to facili-
tate easy operational use, GridPro represents the cut plane as afinite rectangle. Thisrectangleis
called the cut plane rectangle. Thisrectangle can be shrunk or expanded in order to work on a
global or local scale.

The cut plane should be thought of as atool that guides your cursor. Cursor movement is
always along the cut plane. In other words, athough you see the cursor move on aflat, two-
dimensional screen, it is actually moving along the surface of the cut plane. Essentially, the cur-
sor is“attached” to the cut plane regardless of the position or size of the cut plane rectangle.
Stated in aslightly more formal way, the mouse space (your mouse pad) is mapped onto the cut
plane. Before you input or remove topology, always think of where the cut plane is positioned.

In order to accessthe cut plane, depressthe [cut] button found in the green, “SHOW” box.
GridPro outlines the cut plane rectangle in white. To keep the cut plane hidden, leave the [cut]
button undepressed. If the rectangle istoo large, you will see nothing because you are looking
insidetherectangle. Inthiscase, push the [unzoom] button. By contrast, sometimesthe rectangle
will appear as awhite speck. Inthiscase, zoom in on it using the right mouse button.

The cut planeis used in both two and three dimensions. However, when working in two

dimensions, make sure the cut plane is aligned with the plane of the screen (the plane on which
you are working, or the z = 0 plane).

3.2 Movement

Moving the cut planeis similar to, but more precise than, moving surfaces. Unlike less
advanced programs, GridPro allows you to trand ate, rotate, and dilate the cut plane without tak-
ing your eyes off the drawing area. If you pressthe “hand” button in the brown, “CUT-P” box,
features appear on the cut plane. A set of beige, seablue, and red axes appear (the cut plane axes)
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along with four dark blue squares (the handles), each of which is pasted on a vertex of the cut
plane rectangle. The beige axisisthe cut plane z-axis, the sea blue axisis the cut plane y-axis,
and the red axisis the cut plane x-axis. When you move the mouse to an axis, the cursor will

transform into two curved arrows: Make sure the cursor becomes these two arrows before

you try to click on an axis.

By dragging an axis with the trand ating mouse button (the left mouse button), you can
translate the cut plane along that axis. You will use thisimprecise but simple method of transla-
tion most often to position loosely the cut plane. If you wish to rotate the cut plane about one of
its axes, click on the axis with the left mouse button. Notice that the specified axis becomes thin.
Then, drag one of the two fat axes with the rotational mouse button (the middle mouse button) in
order to rotate the cut plane about the thin axis. You can change the size of the cut plane rectangle
by dragging inward or outward one of the handles (four dark blue vertex squares). When you

position the cursor on a handle, the cursor becomes a square with a center dot: E Because you

will need to master these manual translation, rotation, and dilation operations, start practicing
them now.

When the center of the cut plane rectangleis displaced from the center of the world axes, a
cube isformed between the centers. Each center is at an endpoint of adiagonal of the cube. This
cube gives you a visual indication of how far away the cut plane is from the center of the world

system. If the[pos] button in the green, “SHOW” box is depressed, this cube will be seen. In
order to deactivate the cube, un-depress the [pos] button.

Figure 3.1 illustrates operations relating to the cut plane.
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EXERCI SE #5:

Create two dlipsoids (which do not intersect): onewith center (3, -8, -1) and axeslength
= 15, and one with center (-5, 12, -6) and axeslength = 6. Position the cut plane between the
surfaces.

EXERCI SE #6:
Create one superellipsoid inside another, and position the cut plane so that the cut plane
rectangle cuts the inner surface but does not touch the boundary of the outer surface.

All operations in the brown, “CUT-P’ box relate to the cut planein some way. The [pos]
menu positions the cut plane, the [ctr] menu centers the cut plane (with respect to different refer-
ence frames), and the [norm] menu aligns the cut plane’'s axes with the world axes or at angle of
45 degrees from them. You already know the [hand] operation reveals the cut plane axes and ver-
tex squares. The[clip] and [Side] operations enable you to cut off part of surfaces and grids.
Finally, the [fill] operation shades the cut plane rectangle in translucent white.

When you access the [pos] menu, awindow will appear. Ignorethe “NOTE:” box. The
next two boxes, the “normal:” and “center:” boxes, define the position of the cut plane. Like any
plane, the cut plane can be positioned by inputting the coordinates of a normal vector to the plane
and the coordinates of one point on the plane. The point on the cut plane for which you provide
coordinates becomes the center of the cut plane rectangle. You caninput (X, Y, z) coordinates of
the normal vector in the “normal:” box, and input (X, y, z) coordinates of the point in the “center:”
box. When you finish inputting coordinates, press [apply] in order to implement your input. The
cut plane should immediately conform to its new properties.

EXERCI SE #7:
Repeat exercise 5. However, position the cut plane using the [pos] menu.

EXERCI SE #8:
Repeat exercise 6. However, position the cut plane using the [pos] menu.

The [ctr] menu containsfive options. For now, just know that the “view” option alignsthe
center of the cut plane rectangle with the center of the drawing area and rescales the cut plane
rectangle so that its areais half that of the drawing area. The “view” option is often useful when
you do not know where the cut plane is, and do not care about altering the cut plane rectangle’s
position or size.

The [norm] menu contains nine options. Each option allowsyou align cut plane axes with
world axes by transforming the normal to the cut plane. If you select the “x” operation, for exam-
ple, the normal of the cut plane will align with the x-axis. Asaresult, the cut plane will snap to
theyz plane. The“y” and “Zz” operationswork similarly. If you select the“xy” operation, the
normal of the cut plane will conform to both the positive x and y-axes, forming a 45 degree angle
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with each one. The “-xy” operation rotates the cut plane positioned by the “xy” operation 90
degrees about the z-axis. In order to understand fully these “norm” operations, you must experi-
ment with each one and pay attention to the relationship between axes.

The[clip] and [side] operations can be used to look inside different parts of surfaces. By
positioning the cut plane so that it cuts through a surface, you can actualy clip away part of that
surface by pressing, [clip]. Only the portion of the surface on one side of the cut plane will
remain. To reveal the portion of the surface on the other side of cut plane, press[side]. The pre-
viously showing portion of the surface will disappear while the other side of the surface will
appear. Since the clipped graphic display pierces objects, you can clearly observe 2 dimensiona
slices of a surface.

Flgure3? The[fill] operation, like the [clip] and [side] opera-
tions, servesasavisua aid. Depressing the [fill] button
T will leave the cut plane rectangle shaded in translucent
\ white. Usually, the [fill] operation is most useful when a
side of the surface is clipped and you want to better orient
your eyesto the viewscreen. Essentially, the [fill] opera-

- tion locates the cut plane for you, and allows you to view
et _ better 2 dimensional dlices of asurface. Figure 3.2 dis-
filled” cut plane clip- . _—
ping a surface plays the result of afilled cut plane clipping a surface.

EXERCI SE #9:
Recreatethe surfacesfrom exercise 5. Clip each one and experiment with the [side] and
[fill] operations.

EXERCI SE #10:
Recreate the surfaces from exercise 6. Clip both at the same time and experiment with
the [side] and [fill] operations.

Many rotation options deal with the cut plane. The [snap] menu in the green, “ROTATE”
box contains four cut plane operations, the “cut-p: xyz” operation, and the following “z,” “y,”
and “X” operations. Just asthe “world: xyz” operation aligns the world axes with the screen axes
using the least rotation needed, the “cut-p: xyz” operation alignsthe cut plane axes with the
screen axes using the least rotation needed. Similarly, just asthe subsequent (world) “x,” “y,” and
“Z" operations snap the world x, y, or z axisto the nearest screen axis (and leave the other two

axes unsnapped), the“x,” “y,” and “z” operations following the “cut-p: xyz" operation snap the
cut-plane x, y, or z axis to the nearest screen axis, leaving the other two axes unsnapped.

In the green, “ROTATE” box, cut plane operations exist under the “ctr” and “sys’ menus
aswell. Under the “ctr” menu, the “follow cut-plane”’ operation assignsthe rotational center to be
the center or origin of the cut plane rectangle. Therefore, after you select this option, the middle
mouse button rotates the drawing window around the center of the cut planerectangle. Under the
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“sys’ menu, the “rotate by cut-p axis’ operation alows you to rotate the drawing window around
one cut plane axis. After selecting this “rotate by cut-p axis’ operation, click on one cut plane
axis with the left mouse button. Now, you can rotate the drawing window around that axis.

The cut plane can also influence how surfaces are represented. The “shade near cut-p”
operation under the “stop” and “move” menusin the brown, “STYLE” box actually shade in parts
of the surfaces that are close to the cut plane. This operation is useful when you need to analyze
the region around an intersection of the cut plane and a surface. When you resize the cut plane
rectangle by dragging one of its vertex squares, you also resize the distance that the surfaceis
drawn from the cut plane inits normal direction. For example, an enlargement of the cut plane

rectangle results in a proportionally larger band of surface display on each side of the cut plane.
Figure 3.3 illustrates other properties of the cut plane.
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Chapter 4 - Introduction to Topology and
Grids

4.1 Overview

In order to grid regions, you must cover them with wireframe topologies that crudely fol-
low their boundaries. The majority of GridPro operations deal with creating and modifying topol-
ogy. Remember, atopology consists of a wireframe and surface assignments.

GridPro is a unique multiblock grid generation program because it revolutionizes how
volumes are gridded. Currently, multiblock grid generation programs require users to assign
topological attributes (separate parts of atopological framework) laborioudly to individual blocks.
GridPro automatically assigns separate parts of atopologica framework to individual blocks.

Remarkably, GridPro can aso grid loosely positioned topology. 1n other words, GridPro
will grid topology whose position only roughly conforms to the corresponding geometry. A wire-
frame topology does not have to exactly fit the boundaries for the region to be gridded. However,
the topology itself should be precise. If atopology is positioned too far from a surface, the grid-
ding process might take longer than it normally should. Thus, aslong as your topology is posi-
tioned with some care, the surfaces will be gridded with relative ease. When creating topol ogy,
you would do well to remember this golden rule: the topology for aregion has to be precise but
does not have to be positioned precisely, just positioned to roughly follow the geometry of its
bounding surfaces. The allowed imprecision of the wireframe cornersis referred to as putting
themin “general position”. Thisisawell-known concept from topology, a subject that deals
with classes of surfaces defined in aloose, imprecise fashion, like stretchable rubber surfaces.

Like all other multiblock grid generation programs, GridPro requires you first to sketch
out the topology for a surface before inputting that topology. You must know how a volume will
be decomposed into blocks; GridPro can only work with your results, not create those results. In
other words, you should decide upon the pattern of grid points before you can instruct GridPro to
generate the corresponding grid.

GridPro gridsvolumesin both 2 and 3 dimensions. Although al real life objects are three-
dimensional, sometimes two-dimensional grids can serve as useful models. Also, first creating
topology in two dimensions better prepares you for creating topology in three dimensions.

In two dimensions, gridded blocks are represented by convex quadrilaterals, or quads. In
three dimensions, gridded blocks are represented by convex hexahedrons, or hexes. When you
create aquad or hex, GridPro will automatically recognize it as such. Unlike other grid genera-
tion programs, GridPro does not require the you to identify a geometrical object after you create
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it. GridPro will read only topologies containing “full face matching.” These topologies include
Intersecting quads with intersecting faces having the same dimensions, or intersecting hexes with
Intersecting faces having the same dimensions. In other words, one side of one quad cannot inter-
sect one side of two other quads, and one face of one hex cannot intersect one side of two other
hexes. Figure 4.1 illustrates some examples.

Figure4.1
correct topology incorrect topology incorrect topology

[no full face matching |

not a quadrilateral

[concave quadrilateral ]

Now that you know the topologica form expected from GridPro, you should make sure
that you understand how to decompose aregion and create a topology.

Because surfaces can be complex, they may require complex topologies. Unfortunately,
no set of rules can define how all topologies could be constructed. There are some rules, how-
ever, which define how most topologies should be constructed when there is no other special fea-
ture or concern. When you create topol ogies about angles in surfaces, you should consider the
concavity or convexity of the angle. Thisis seen from the viewpoint of the region to be gridded
rather than from outside that region looking inward. In the following examples, the dashed struc-
tures represent surfaces, and the solid structures represent a possible, correct topology for those
surfaces which is on the side that isto be gridded. Differences between correct topologies and a
discussion of what topology to use will be covered later. In general, preferred topologies about
angles between 0 and 90 degrees have the structures shown in figure 4.2
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Figure4.2
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Angles between 90 and 180 degrees typically have two different structures. These struc-
tures areillustrated in figure 4.3; the topol ogy on the right side of the figure is used more often for
these angles:

Figure4.3
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Preferred structures for angles between 180 and 270 are illustrated in figure 4.4:

Figure4.4

Angles between 270 and 360 degrees can have severa structures, the most common of
which areillustrated in figure 4.5:
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Figure4.5
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Notice that all of the topologies are created using convex quads, and all quads have full
face matching. Figure 4.6 incorporates ideas you have seen:

Figure 4.6

If asurface is smooth, decompose the surface as you normally would, then create an
“inner layer” between the smooth surface and decomposed block. The “inner layer” isillustrated
in dark shade. Figure 4.7 illustrates a correct topology for a smooth surface:
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Figure4.7
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Notice how the darkened lines follow the path of the circular region. Infigure 4.7, the
topology conforms well to the corresponding geometry. Also, this example shows how topology
iIswrapped around the continuously curved portion of the surface. The figure formed by the dark
linesisconsidered a partial “wrap.” Looking at the angle variations above, you will notice that
the angles close to 180 degrees are wraps. In fact, at every point of a smoothly varying surface,
the angle is computed from the corresponding surface tangent line.

Look back at how topologies are created for angles between 90 and 360 degrees. Notice

that some of those topological configurations are “wraps’ aswell. Infigure 4.8, the partial wraps
formed for the continuoudly curved surfaces are illustrated in dark shade.
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Figure4.8
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Notice that in the above example, wraps are formed around the 270-degree angles as well.
Figure 4.9 displays the full wrapsin dark shade:
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Figure4.9
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Figure 4.10 displays the full wrapsin dark shade from the first example in this chapter:

Figure4.10
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In order to develop an intuitive understanding of what topology to create, you should learn
through example. You will successfully prepare regions for gridding by first learning the rudi-
mentary rules described above. Of course, in order to obtain the phenomenal grid accuracy
GridPro can provide, you have to learn gradually the nuances of different surfaces and be able to
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produce topological frameworks using intuition rather than rules.

4.2 Corners and Edges

Wireframe topologies are created entirely by corners, or vertices, and edges, or links. Any
two- or three-dimensional structure can be constructed with just corners and edges. Corners are
displayed as small orange squares, much like the cut plane rectangle vertex squares. Edges are
displayed smply as yellow lines with two corners as endpoints.

Cornersare inputted either on surfaces or on the cut plane. For cut plane input, you must
know where the cut planeisin relation to your surfaces. You will aso need to be in the mode for
cut plane input, “corn=C,” which can be accessed on the top tool bar. Because this modeisthe
default mode, first-time users will not need to change the mode settings. Selecting the “corn=S’
mode allows you to input corners on surfaces. When in the “corn=C” mode, you will most likely
need to change the cut plane’s position before inputting corners. Edges can then be created after
corners are inputted; the cut plane has no effect on edges.

Most of the operations dealing with corners are done on the keyboard and not in the com-
mand panel. In order to input a corner, depress the <C> key and click the left mouse button. An
orange square should appear at the location of the cursor. In order to remove a corner, move the
cursor to a corner, depress the <R> key, and click the left mouse button. Because of screen toler-
ances, you might have to try repeatedly to remove a corner. When you depress the <R> key and
move the cursor to the corner you wish to remove, the cursor becomes aring: E If the ring

turns white and you click the left mouse button, the corner will definitely disappear. If thering
turns red and you click the left mouse button, the corner will probably disappear. If the corner
does not disappear, keep on trying to remove it.

When you want to create an edge between two corners, use the <E> key. Move the cursor
to one corner, hold down the <E> key, and click the left mouse button (in order to select a corner,
the cursor must become aring). Still holding down the <E> key, move the cursor to the other cor-
ner and click the left mouse button. An edge should appear between the two corners. Remember,
if the cursor does not become awhite ring when you click on the corners, an edge might not form.
In this case, click one or both corners again to create the edge. If you want to remove an edge,
depress the <R> key and move the cursor to any point on that edge. The cursor will become a

two-sided vertical arrow: H This arrow can become red or white similar to thering; clicking a

red double arrow will probably eliminate an edge, and clicking awhite double arrow will defi-
nitely eliminate an edge.

In order to create a string of edges, all you must do is depress the <E> key for the duration
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of the process and click the mouse strategically. By clicking the endpoint corner of the string,
double-clicking every successive corner you wish to link, and finally clicking the other endpoint
corner of the string, you can form many edges quickly and efficiently.

After you create a corner, you can trandate it by moving the cursor to the corner and drag-
ging the corner by using the left or right mouse button. If you use the right mouse button, you will
translate the corner perpendicular to the cut plane. Asyou trandate a corner, the cursor becomes

cross-hatched, double arrows: €3=> Using the left mouse button enables you to drag a cor-

ner parallel to the cut plane, and using the right mouse button enables you to drag a corner perpen-
dicular to the cut plane. After you create at least one edge, you can deform it simply by clicking
on one of its endpoints (a corner) with the translation mouse button and dragging the endpoint.
The edge or edges will drag with the endpoint. Asyou translate corners and edges, the cursor
becomes a white cross. Figure 4.11 illustrates the effect on edges of trandating a corner with the
left mouse button.

Figure4.11
corner
/ translated corner
edge \</
@
—_—— @

border of
cut plane
rectangle

When you input corners and edges, you will often make mistakes. GridPro remembers
every topological operation you perform, and enables you to go back and scroll through every
operation. Therefore, you can erase all topology you have created from any point in the process.
Also, you can scroll forward; if you realize that you should not change anything, you can return
your screen to its previoudly current state. In the green, “UNDO-REDQO” box, the arrow button
(<, >) operations to the right of the “topo” heading allow you to scroll through all your previous
topology actions.
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Figure4.12 Most likely, you will create topology using different view-

“ undoes” “redoes  POINtS. In addition to topology operations, GridPro can remember
topological topological  the viewpoints you used when you performed the operations. You
ad'o\ / adion an include viewpoints you would like GridPro to remember asyou
Lopo | »| scroll through previous topology actj ons by depressing the [view]
vieu|[grp button found below the “topo” heading in the green, “UNDO-

""""""" REDO” box. Figure 4.12 displays the location of these topology

illustrates viewpoint changes as oper ations,
topological actions are being undone

or redone L. . . . .
Positioning corners with the mouse might seem too imprecise

to be practical. However, remember that GridPro will grid loosely positioned topologies, or
topologies that do not conform exactly to ageometry. Even so, you can examine precise corner
locations using the query facility, accessed with the <Q> key. When the <Q> key is depressed,
the coordinates of the cursor on the cut plane are displayed in the upper-left hand corner of the
screen. When the cursor ison a corner, it becomes a circle and the corner coordinates are dis-
played, regardless of weather or not the corner lies on the cut plane.

Remember, when you create topologies in 2 dimensions, you should align the cut plane
with the plane of the drawing window (the plane z = 0). When “corn=C" is selected in the top
menubar, corners are inputted only on the surface of the cut plane.

EXERCI SE #11:

In 2 dimensions, create an octagon using cornersas vertices. Split the octagon into
three quadrilaterals, then clear the segments used to create the quadrilaterals using two differ-
ent methods.

4.3 Surface Assignments

Unlike other grid generation programs, GridPro automatically generates a multiblock grid
within aregion bounded by surfaces after the wireframe topology is given. However, to complete
the topology, you must tell GridPro which collection of corners areto be assigned to each surface.
Even if you are gridding aregion bounded by only one surface, you have to assign the boundary
corners of your inputted wireframe to that surface.

For the purpose of simplifying our present discussion, we will facilitate our understanding
by following some restrictive rules to illustrate better topology creation. If aboundary is com-
posed of connected straight lines, each line should represent asurface. If aboundary is composed
of circular arcs, each arc should represent a surface. Therefore, acircle or élipse is one surface
and asguare or arectangleis four surfaces. If an endpoint of a straight line intersects with the
endpoint of an arc, you must determine if the tangent lines to each endpoint are colinear. If the
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tangents are colinear, the arc and line are part of the same surface. If the tangents are not colinear,
the arc and the line are each one surface. Remember: these rules represent a basic guideline only
for the present discussion and will be altered as you learn more about GridPro.

In order to understand fully the process of surface assignment, you should intuitively
understand what occurs. Think of the surface to which you are giving an assignment as a huge
vacuum, one that attracts all corners assigned to it along with all logically corresponding edges
and faces. The corners and their corresponding elements become attached to the surface, stop
moving, and reside where they stick. All of thisoccursin the grid generation process. When the
multiblock grid isviewed with corners and edges only, we see the resultant block decomposition.
Thisimage can also be thought of asthe final resting spot of the original wireframe.

Corners can be assigned to zero, one, two, or more surfaces. For our discussion, all sur-
faces are bounding surfaces; only corners that are wireframe boundaries are assigned to surfaces.
If the two corners on either end of an edge are assigned to asurface, then the edge is automatically
assigned to the surface (in 2D or 3D). Likewise, if aclosed loop of four cornersisassigned to a
surface, then the corresponding face and edges are automatically assigned to the surface (in 3D).
This means that the grid on each automatically determined part also goes to the surface.

If acorner is assigned to each of two intersecting surfaces, then the corner will go to the
intersection between the two surfaces. For example, when gridding a rectangle, the double
assignment to both a horizontal and a vertical side will attract the corner to the vertex of the rect-
angle formed by the intersection. If it were the case of a box in three dimensions, then the attrac-
tion would be to abox edge. A triple assignment, however, would send the corner to abox vertex.

Figure 4.13 displays surfaces, corners, edges, and surface assignmentsin two dimensions.
The surfaces are outlined in dashes and their corresponding topologies arein bold print. Each sur-
faceislettered. The corners composing the topological wireframe are gray squares, and the lines
connecting the corners are edges. If acorner is assigned to a surface, the letter of that surface
appears inside the corner. Notice that the surfaces are transposed over the wireframe topol ogies.
From those illustrations, you can see the corners and edges are loosely placed; their positions rel-
ative to one another and to surfaces are not precise or exactly proportional.

When you are gridding more than one object, you must be absolutely sure what region you
wish to grid (when you grid one object, you have to grid the region insde that object). The sur-
facesin figure 4.13 can be gridded in many ways. For our purposes right now, we make the
region to be gridded outside of the hole and inside of the large rectangle. In other words, we grid
arectangular plate with a center hole. If we grid the region outside of a surface, the boundaries of
that surface are defined by the internal corners of that surface’s topology. If we grid the region
inside of a surface, the boundaries of that surface are defined by the external corners of that sur-
face'stopology. In shorter, smpler terms:. when we grid outside, we assign inside; when we grid
inside, we assign outside. Therefore, because we grid the region outside of the circle, we assign
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Figure4.13
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theinterna corners of that topology to the circle.

Now that you know where to assign corners to surfaces, you can learn how to assign cor-
nersto surfaces. GridPro enables you to utilize the keyboard or the menus for assignment pur-
poses. Before assigning any corners to a surface, you must make sure that surface is current
(using the toggle operations in the green, “CURRENT” box). Remember, when a surface
becomes current, its color changes to sea blue.
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After asurface is made cur- Flgure4.14
rent, you may assign cornersto that current
surface by depressing the <S> key = surface
and clicking on those corners. Notice,
as you move the cursor toward a cor-
ner, the cursor becomes awhite or red
ring. Also, notice when acorner is
assigned, a small white box appears
within the corner. Thiswhite box
provides you with avisua indication
of confirmed surface assignment,
which proves to be useful often when
many surfaces and many corners are
involved in atopology. If youwishto
deactivate a surface assignment,
depress the <S> key and click on the
assigned corner. The small, white

internal box should disappear. Figure A T L
4.14 illustrates how these internal / I . Vl"t[)e;g??gi
boxes are displayed. < 1;__ _ |1T—q{ﬂ ©/ withsurface
|II~_ I ——III- __.l._'_-l ”_._;,_TJ;__,'.—-P‘. a%:?gnment
Although you can usethe <S> \ T"'--,—-.I"___'h AL 1
key for surface assignment, opera- ".I VYT _,'.II IR __
tionsin the brown, “TOPO” menu TR i.____',l ARTRRITRN
will expedite your task. The[S] VA M —ll:'._ e _—A'.I—_ ==
operation performs the same task as \ Tl iy s VR !
does the <S> key. However, the[S] | I A A jTL — s "-.j'ﬁ”—Tj,""
button only needs to be depressed W L7 g _'u_";_:._—:ﬁ;a_"_ Y/
once in order to be activated (as NV T/ -'a.: (s
opposed to holding the <S> key every Vi —

time you want to assign a corner).
The [S.] operation can assign corners to surfaces or deactivate corner assignments.

The three operations found to the right of the [S.] operation, the [+], [-], and [X] opera-
tions, assigns or deactivates many corners at atime. After depressing the [+] button, you can use
the right mouse button to create a purple rectangular box (recall that the right mouse button nor-
mally creates a white zooming box). The point where you click is one vertex of this purple box.
From that point, you can expand the box by dragging it. When you finish dragging and release
the mouse button, all cornersinside the box will be assigned to whatever surfaceis current. The
[-] operation performs the opposite function; when depressed, this button deactivates all surface
assignmentsin the purple box you create. Only one purple box can be created when the [+] or the
[-] button is depressed. In other words, you must remember to re-depress the [+] or [-] buttons



every time you wish to use them. The [x] operation, when accessed, simply deactivates all corner
assignments to the current surface.

In order to understand the usefulness of the surface assignment operations, look again at
figure4.13. You best assign all cornersto surface D by depressing the [+] button, then dragging a
long, thin purple box so that it encompasses the left-most column of corners. By using this
method, you assign four corners to one surface with one operation and one mouse click. The
aternatives are to use the <S> operation four times with four mouse clicks, or the [S.] operation
once with four mouse clicks. If, by mistake, you assign al cornersin the second column to sur-
face D, you can deactivate the assignments using the [-] operation in the same manner asyou used
the[+] operation.

Often, you will be in an understandable rush to complete agrid. Asaresult, you might
forget one step in the process of assigning cornersto asurface. A common mistake people make
isto forget to depress the [+] or [-] button each time they wish to use apurple box. Asaresult of
this oversight, awhite zooming box appears. Remember: in order to deactivate the zooming box,
make the box as small as possible before releasing the right mouse button.

4.4 Miscellaneous and Example Problems

Asyou create atopology for aregion in space, sometimes you might wish to hide the
topology in order to obtain a better view of its bounding surfaces. If you depress the [TOPO] but-
ton in the green “SHOW” menu, the topology in the drawing window will disappear, or hide. The
topology will reappear when you un-depress the [ TOPO] button.

If you want to eliminate the topology displayed on the drawing window, select the “ delete
current” operation under the “topo” menu found in the top toolbar.

When you save a topology, you save surface dataas well. Every time GridPro reads a sur-
face, whether or not GridPro created that surface, the program defines that surface datausing TIL
code. Topologies are saved along with the TIL code that defines the surfaces. That is, corre-
sponding surfaces are saved with the topol ogy.

Remember that referencesto surfacesin TIL code arereally numerical labelsfor surfaces.
For example, a large data set may reside in a separate file and define the intricate details of some
surface geometry. Conversely, one surface definition in TIL codeisjust one line that associates a
numerical label to the surface datafile. Thus, if you want to use a new geometry for a surface,
you can perform one of two sets of actions: i) put the new geometry datain the existing file with-
out altering the TIL code ii) put the new geometry data in the new file, then alter the TIL code
such that the numerical label is pointing to the new file. In some cases, you will need to swap sur-
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face types (and possibly other parameters) in the surface definition lineinthe TIL code. Asauser
of the graphic manager, you will not explicitly see the TIL code unless you wish to inspect the
‘.fra file which containsiit.

You will most likely wish to save the majority of topologiesyou create. However, some
topologies you might wish to save temporarily in afile that will be eventually overwritten. Such
topologies you might work on only afew times for testing purposes. Or, perhaps you might be
progressing through a step by step construction that you are not ready to save until it is complete
or at some acceptable stage. Under the “topo” menu, found in the top toolbar, there are optionsto
save topologies both as file names you specify, or as given file names that will be eventually over-
written. One option, the“TIL save as’ operation, allows you to save atopology under afile name
you specify. Another option, the“TIL saveto _az.fra’ operation, allows you to save a topology
under the filename*_az.fra until you overwritethefile. The‘ az.fra file hasfour backups,
‘“azfral,' azfra2,' azfra 3,and‘ azfra 4. Whenyousaveanew fileto‘ az.fra, the
last file saved under *_az.fra’ becomes a backup file, and the oldest backup file is erased. In
essence, GridPro savesfive filesunder the*_az.fra’ name, then erasesthem asnew *_az.fra’ files
are saved.

Figure4.15 In order to retrieve topolo-
-llil wur Ln-p-ul prid die=3 corn~T read N penel=T pLy=POC g|eS, access the “TII— read” Opera'
savesin  TIL rand I\ “W_:{Ti'wu T :tfj tion under the “topo” menu and
temporary TIL read HACHD an e iz .
file TIL mawe to _arx.lrm . STYLE : siap e then a:ce$the flle YOU can
[IL save as tgz‘c:'lgéle; . shads |peist | gocess’ az.fra filesor user named
TIL mawe Breoup nm G0 = Mc_l.lll ﬂ E - - « )
TIL save grp an surf [SURF art] fﬂesusmg the“TIL read opera:
figrid ntart [T [ves [oia =60 s tion. All user-named topology files
svesin  burtd restert hides /! -Tﬂ:mm =8| must have the extension * fra’. Fig-
r =1 . age
e oid aras topology 1\ :ﬁlﬂﬁ—ﬂl ' ure 4.15 displays the position of
nau comp uM-REDD: unsses 48] | SOMe operations you have learned
delsts current topo ol o1 wiew sl sl SO far
dulata wll Mﬁ E|| )
TOPD:] 5.1 +f = ] pobe] GridPro can load topol ogy
allows mouse filesvisually intwo ways. Still, in
to aSStign allows for either case, retrieving a topology
Corners to sur- multiple deactivates all ¢ i u
faces surface wrface | lerequi resyouto select .the TIL
assignments assignments  read” menu item. The GridPro
dlows default allows you toread in afile
owstor .
multiple directly, so that all the data appears

deactivations in the drawing area at once. How-
ever, selecting the “Demo read
topo” mode from the top menubar “Read=N" menu will allow you to read in atopology filein a
movie format; topology data will stream in one by one, providing a perspective on how the topol-
ogy was built.
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When you prepare surfaces that bound the region for gridding, you must orient the sur-
faces as well as create topologies about them. Any GridPro surface has two sides, and GridPro
will assign them “+side”’ and “-side” designations. You need to indicate which side of the surface
you will grid. Thisindication represents a surface orientation. If asurfaceis oriented inthe “+”
direction, the normal vectors at each surface point pointsto the“+side” of the surface. If asurface
iIsoriented in the“-" direction, the normal vectors at each surface point pointsto the “-side” of the
surface. In the case of super-€ellipsoids, the“+side” normal vectors point radially outward. Thus,
if you wish to grid the insde of a super-€ellipsoid (with the —ellip type), you must flip normal vec-
torswith the “-" so that they point into the region to be gridded. Thus, we use the“+” and “-”
selections to choose the side of the surface that will havethegrid onit. Implicitinthisselectionis
the assumption that all surfaces are orientable. That is, thereis an inside and an outside to each
surface. While there are more than enough orientable surfaces to deal with the boundaries of any
physical region, there are surfacesthat do not have this property. For example, Mobius strips (i.e.
twisted belts) are not orientable since you cannot distinguish their sides. They, of course, are not
used here.

Sometimes you may want to define a surface within agrid. For example, you may wish to
anayze the heat transfer between afluid and asolid. In this case, you would have a surface sepa-
rating the fluid from the solid. That surface would then have grid on both sides. Thus, a each
point, there would be two normal vectors: one pointing to each side. So, surfaces that have grid
on both sides are internal to the grid and as such are quite naturally called “internal surfaces.” In
order to impart double orientation to an object, select “2 sides’ from the “orient” submenu in the
surface's property menu. In the generation process, GridPro will optimize the grid quality and
produce a grid sheet that is so smoothly embedded within the overall grid that you will be hard-
pressed to find any discrepancy.

In order to discover or to change the orientation of a surface, you first make that surface
current, then access the properties of that surface by selecting, “reload current” under the “surf”
menu. In the subsequent window, you can change the orientation of the surface using the “orient”
submenu.

EXAMPLE PROBLEM #3:
Prepare a two-dimensional circle for gridding, and save the resulting topol ogy.

First, because we are working in two dimensions, we should run GridPro from scratch in
order to have workable default settings. After doing so and selecting “dim=2" from the top tool-
bar, we ask ourselves, what region do we want to grid? Because we are gridding only one object,
we grid the region inside that object. Therefore, we must give the object a proper orientation.
Accessing the “load —€llip” operation under the “surf” menu, we first should determine the sur-
face's orientation. We select “- side” because the natural orientation of the built-in “-ellip” type
comes with normals pointing in the outward convex direction away from the region to be gridded.
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Since we are working in two dimensions, we are required to set the surface’s semi-w axisto a
large number. Thus, in the semi-w box, let us input (O, 0, 100000). Keeping the semi-u and semi-
v boxes at their default settings of (1, 0, 0) and (0, 1, 0), and leaving the number 2 in the “ power”
box, we click [ok] to produce the unit circle.

Now that we have created a surface, we can create atopology about this surface. Because
the whole boundary of acircleis curved, it is best to wrap the whole boundary. Therefore, this
wrap forces us to decompose the circleinto at least five blocks. The configuration is shownin
figure 4.16.

Figure4.16

Noticethat the circular holeinfigure 4.13 iswrapped in the same manner as the one above
(most circles have the same topology). We construct atopology similar to that illustrated above
by positioning 8 corners, and creating 12 edges among the corners using the <C> and <E> but-
tons. Remember: we can trandate corners and edges by dragging them. Also, if wewishto
remove a corner, we can use the <R> key. The corners of the topology do not have to be relative
to one another by exact measures, and edges do not have to be precisely perpendicular or parallel
to one another.

After creating the topol ogy, we now should assign cornersto surfaces. Since thereisonly
one surface, it is current by default. Because we are gridding the region inside of the circle, we
assign the outer four cornersto the surface. In order to assign most efficiently these corners, let us
use the [+] operation. After depressing the [+] button, we drag a purple box over the first column
of two corners, assigning them to the surface. Then, we depress the [+] button again and drag a
purple box over the last column of two corners, assigning them to the surface.
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Now, the surface is ready to be gridded. The actual Figure4.17
result (seen on the drawing window) is shownin figure 4.17.
Notice how loosely the topology can be positioned about the
surface.

Because we desire to access this topology only once ) | \
or twicemore, we placeitinan‘_az.fra file by accessing the | | .
“TIL saveto az.fra’ operation under the “topo” menu. | ‘
EXAMPLE PROBLEM #3 COMPLETED | ' — f

EXAMPLE PROBLEM #4: _
Prepare a 2-dimensional ring with a circular hole . - — —
for gridding, and save the resulting topology.

Similar to the last example problem, we should run GridPro from scratch in order to have
workable default settings. Then, after selecting “dim=2" from the top toolbar, we ask ourselves,
what region do we want to grid? Because we suppose that we are working with finite surfaces, we
want to grid inside of the ring. Because the inner object isahole, we must grid the region outside
of theinner object. Therefore, we are gridding the region between the two surfaces. The orienta-
tion of the ring should be negative (inside) and the orientation of the inner circle should be posi-
tive (outside).

In order to create the surfaces in correct proportion to each other and with the correct ori-
entations, we must keep track of the different surface properties. Accessing the “load —€llip”
operation under the “surf” menu, we choose to make surface O (id number =0) the hole, or the
inner surface. We set the semi-w axisto (0, 0, 10000) and make sure the “orient” box reads “ +
sde.” Otherwise, we change nothing else and press [0K], creating acircle of radius 1. Accessing
the“load —€llip” operation again, we choose to make surface 1 the ring, or the outer surface. We
set the semi-w axisto (0, 0, 10000), the semi-u axisto (3, 0, 0), and the semi-v axisto (0, 3, 0).
Then, we change the “orient” box to read “-side,” and click [ok].

We now decompose the “donut” region we are gridding. We can split the region into four
blocks, and then wrap the curved surfaces. Therefore, we can use awireframe similar to the one
in example problem #3. Thiswireframeisillustrated in figure 4.18.
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Although this wireframe matches that of example problem #3 exactly, the topology does
not match that of example problem #3 exactly; each topology has different surface assignments.
At this stage, theregionisready to be gridded. Because we want to save thistopology in atempo-
rary file, we now accessthe “TIL saveto az.fra’ operation under the “topo” menu. EXAMPLE
PROBLEM #4 COMPLETED.

4.5 The Gridding Process

GridPro iswell known for its revolutionary ability to generate grids from a topological
basis, one that is not encumbered by detailed geometric demands, decisions or judgements.
GridPro requires no manual construction of geometric pieces such as block edges or faces, or their
associated pointwise distributions. All gridding is done in one automated process; there is no sep-
arate process for surface grid generation or surface to surface intersections. Even within the con-
text of awireframe, there is no projection algorithm required to send wireframe edges or faces
onto the geometric boundary of a physical region. Such projection algorithms require tight con-
straints upon the placement of wireframe corners - the antithesis of true topology, which relies
upon a much looser and more flexible structure.

The GridPro topology engine “ Ggrid” provides a map of true topology into multiblock
grids. Under its action, the topology code (which isstored ina‘.fra file) iscompiled and run
under thecommand“Ggrid TIL fil e _nanme <return>". Theresultinggridisoptimized
to be smooth and nearly orthogonal throughout an entire region, and to be properly clustered to a
region’s boundary curvature. The optimization is, of course, relative to the constraint of topology
choice (usually arather mild constraint). Generally, you will get smooth, nearly orthogonal grids
that are appropriately clustered to both concave and convex boundary curvature. The resulting
grid is so natural, you will become accustomed to high quality grids every time you use GridPro.

With the interactive Graphic Manager, the entire gridding processis purely visual. The
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“Ggrid” launch is started, stopped, and re-launched graphically. The Ggrid process istightly cou-
pled with interactive topology generation; topology errors are automatically detected and high-
lighted in red when you try to launch an incorrect TIL code. The highlight appears as an overlay
on top of the topology wireframe, and a white box appears over the specific problem corner or
corners. The error and highlight display points precisely to the problem areathat prevents Ggrid
from running. Concurrently, amore technical error message is also displayed at the upper left-
hand portion of the screen. Once you know the location of an error, the error and highlight dis-
play that helped you find the error will sometimes bein the way of your corrective actions. To
remove the highlight, go the green SHOW box and click off the error and highlight button, [e& h].
Once the topology is fixed, you will be given a pop up box that will tell you that your topology is
correct and ask you if youwishto runit. When you click [ok], the Ggrid process will commence.
However, you will not explicitly see the gridding processitself. Instead, GridPro will display a
status window that will dynamically give information about your run asit progresses.

The status window contains seemingly garbled code. However, the numbers displayed
convey information about the quality and convergence of the grid being processed. Thefirst three
letters shown, “swp,” form an abbreviation for “sweep.” The number proceeding “sweep” illus-
trates the number of times GridPro has visited your topology in its attempt to optimize the grid in
the corresponding region. Every subsequent sweep relies on information processed in previous
sweeps in order to improve the quality of the grid. In other words, the more sweeps you allow
GridPro to perform, the better your resulting grid.

In order to numerically measure convergence for the grid optimization process, look at the
residual number found in the status window. This number follows the “(r” expression found in
every sweep, and indicates the disparity between the actual grid and an ideal grid. Anidea one
would require a limitation on generality and an infinite number of points. Becausethisideal is
unobtainable, GridPro compromises by creating the best possible grid for the chosen topology, a
grid that is consistent with the number of points and specified parameters of the topology. Asthe
grid generation process converges, the grid’s residual number becomes constant. Asthe number
of sweeps increase, the residue number will often oscillate and then converge to a constant.
Often, however, the residual does not completely converge. Still, the resulting grid quality isfar
better than what you would expect from traditional methods.

Sometimes, if the gridding process is stopped too quickly, it will produce a grid whose
coordinate sheetsfold in on themselves at some location or locations. Therefore, you must allow
GridPro to sort out all surfaces. In the status window, a stream of consecutive sweep messages
are periodically interrupted by the reading, “fold count.” When the number following “fold
count” reaches zero, all surfaces have been sorted out. The fold count gives the user a coarse
means to judge the convergence of the process. Generally, in the convergence, non-zero fold
counts appear only in the early stages, well before it is worth while to inspect the residual; the
residual becomes the main focus of your monitoring once you are at zero folds. Your attentionis
then redirected to seeing when the residual settles down to aconstant value. Whilethe gridis
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converging, you have the option to take the grid for use at that intermediate stage or just wait until
amore full convergence of the optimizer has taken place.

Eiqure4.19 The gridding processis controlled by
bope | grid w2 correl vesbd panels] gLyt el wip four “Ggrid” operations found in the “topo”
1L resd begins ariddin Wil @ menu from the top toolbar. The “Ggrid start”
::t E ﬂ:.m " pro?:ess ° ﬂ i%‘*ﬁ:%' operation begins the gridding process, and the
——— _ _ gk i “Ggrid stop” operation ends the gridding pro-
1L seve row d'Sp't%zg;zrs n e w8 cess after the current sweep is completed. |If
E:.T:;:' ? \ﬁﬂ;%WF you end the gridding process, then decide that
brid restart restarts gridding pro- P o = you need gm.ore cqnverggd .grid’ yOl.J may
i eldn S~ cesusingpreviousy I pslsiess resume gridding using grid information
firhd sty obtained information MM EIESE I o) ready processed by accessing the “ Ggrid
::::Lml Er—rr re;tart” .operati.on. The* Ggrid.gridden” oper-
delate all ends gridding wo s wmay aionwill bediscussed later. Figure4.19 dis-

process dain ®  playsthe location of these operations.

As mentioned above, GridPro will
refuse to begin the gridding process if atopology isincorrect. Common mistakes people make
include not assigning corners to surfaces, not assigning corners to the right surface, and failing to
create wireframe quadrilaterals or hexahedrons. Also, the topology itself could be implausible for
agiven region. If you make a mistake, GridPro will guide you to that location by automatically
turning on the error and highlight (the [e& h] button which is found in the green, “SHOW” box)
which servesto show your mistake. Note: errors are displayed only when you attempt to start the
gridding process of an incorrect topology.

You can load agrid manually or let GridPro load agrid automatically. Before you do load
agrid, it is convenient to first go to the “panel=T” menu and select the “ Grid Viewer” mode.
Now you get “panel=G” in the top tool bar along with new operationsin the switchable operations
area of the control panel. These operationsall relate to the grid viewing process. Figure 4.20
illustrates the effect on operations of switching panels. Also, notice in the figure that switching
panels will change the defaultsin the“ STYLE” box; hidden line removal is the default grid view-

ing style.

47



Figure 4.20
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During the gridding process, after every 100 sweeps, GridPro saves the grid to thefile,
‘blk.tmp’. Therefore, after you stop the gridding process, you can load the grid by accessing the
‘blk.tmp’ file. Under the“grid” menu, found in the top toolbar, the “load new” operation opens a
window that allows you to find and access thefile, ‘blk.tmp’. Note: you need not stop the grid-
ding processin order to accessthe grid. Infact, since thefile, ‘blk.tmp’, is being updated after
every 100 sweeps, you can reload an updated version of ‘blk.tmp’ by accessing the “reload cur-
rent” operation found in the “grid” menu. GridPro will automatically perform the “reload cur-
rent” operation after every 100 sweepsif you select the “auto read grid” mode in the “read=N"
menu. Inthis same menu, the “normal read” mode (the default mode) allows you to perform the
manual loading operations stated above. Note that when you select “auto read grid,” the
“read=N" designation becomes “read=A".

| F'l.l_ = ﬂ Eicu :I-I].l

The Ggrid process really represents the running of a schedule file, with extension “.sch’.
Thus, when transfering topology data from one terminal to another, be sure to include the sched-
ulefilewith the‘ .fra (topology) file.

Like topologies, grids can be saved under file names. Because GridPro saves gridsto the
default file, ‘blk.tmp’, you must alter the name * blk.tmp’ when you retrieve your grid if you wish
to saveit under auser name. To assign a user-name to agrid, access the “save grid as” option in
the “grid” menu (located on the top menubar). You can arbitrarily choose the extension name for
any gridfile. By altering the file name, you will be able to retrieve your file whenever you wish
because all other grids produced will be filed under *blk.tmp’.

Each grid fileis accompanied by a connectivity file. This connectivity file specifies how
the grid blocks are connected, and has the extension ‘.conn’. GridPro automatically runs the con-
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nectivity file when you access ‘blk.tmp’.

4.6 Grid Viewing

Aside from boasting afaster gridding process and higher quality grids than all of its com-
petitors, GridPro attains a high watermark in the area of viewing and manipulating grids. Cross-
sectional cuts, block coloring, and partial shells are some of the many features that can be dis-
played in the“ Grid Viewer” panel. Inthis mode, the grid stays invariant as you manipulate its
various features.

When you load agrid, the outline of the grid appearsfirst. At first, this outline looks ssim-
ilar to its corresponding topology; always keep in mind the mode you arein (“Topology Builder”
or “Grid Viewer”). GridPro alows you to manipulate this grid visually and to provide the grid
with property labels before releasing it for engineering analysis. The “Grid Viewer” can hold
many grids in the same space; if you do not remove a previous grid from the “Grid Viewer,” a
current grid you load will overlap the previous grid. Just as you make surfaces current, you can
make grids current. The arrow buttonsto the right of the [grid] button (found in the green, “CUR”
box) toggle between the grids. The grid which contains some sea blue color is the current grid.
The [grid] button itself, when depressed, hides the current grid. The [GRID] button (found in the
green, “SHOW” box), when depressed, hides all grids. Inthe“grid” menu, the “delete current”
operation eliminates the current grid and the “delete all” operation eliminates all gridsin the
“Grid Viewer.”

Noticein figure 4.21 how the green, Fiqure4.21
“SHOW” box actsasaglobal control center; the box -
contains operations that can hide or show surfaces, SHOM: axis| cut| id| 1h|

topologies, or grids. You should also think of the hides all surfeces —¢ SURF] o]
“SHOW"” box as a screen clutter manager; every hides all topologies —t THPON vee| xlal ebhl pos|
button hides something from the drawing area. hidesall grids —HGRID [blk [she ort]

In order to see quickly the overall grid, or mesh, press the [shell] button found in the
brown, “MAKE SHEET” box. Pressing the [del] button in the green, “CUR” box will eliminate
this mesh display.

EXAMPLE PROBLEM #5:
Retrieve and grid the topology and surface from example problem #3, then save the
resulting grid.

Because the region in example problem #3 is two dimensional, we should exit and reenter
the az graphic manager in order to begin with the proper default settings. After reentering the az
manager, we are automatically put into the “ Topology Builder” mode. You can confirm this
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default mode choice by observing the “panel=T" on the top menubar and the associated switch-
able operations relating to topology on the lower part of the command panel. Then, in order to
access a topology, we select the “TIL read” operation in the “topo” menu. Because we saved the
topology from example problem#3 asan *_az.fra file, and have saved the topology from exam-
ple problem #4 similarly, we look for the most current backup _az.fra’ file. We access each of
the four backup files until we find the desired topology and display it on the screen. Aswe look
for the desired topology, we successively eliminate unwanted topologies, should they be brought
in by mistake.

After checking to seeif we have correctly assigned corners to surfaces, we access the
“Ggrid start” operation under the “topo” menu. A window should appear and inform us that our
current topology is complete. After pressing [ok] in this window, the status window should start
displaying the results of sweeps. Most likely, we will have to trandate and shrink the main win-
dow in order to see the status window. Although we could wait only until the fold count equals
zero and the residual number variesto within a couple thousandths of a point, herelet uswait until
500+ sweeps have been completed before we stop the process. After ending the gridding process
by accessing the “Ggrid stop” operation in the “topo” menu, we look in the status window and
observe closealy the residual numbers produced from successive sweeps and the fold counts pro-
duced between sets of sweeps.

In order to see our grid, wefirst accessthe“ Grid Viewer” mode by going to the “panel=T"
menu and switching it to “panel=G.” Then, we access the “load new” operation in the “grid”
menu. Intheresulting window, wefind thefile *blk.tmp’, accessit with aclick, and accept it with
aclick on [ok] which then displays the outline of the grid on the screen. In order to see amesh
representation of the outline, we press the [shell] button. EXAMPLE PROBLEM #5 COM-
PLETED

All grids, two-dimensiona and three-dimensional, contain blocks. You determine the
number and general configuration of blocks through the topology you create. For example, the
wireframe topology of a circle includes five quads. Therefore, the grid for acircle will be com-
posed of five blocks positioned relative to one another in the same fashion as the topology quads.
However, each “side” of the blocks will be curved so that the blocks conform to the circle's
geometry and represent the current geometry of the block regions. With these regions, each of the
internal edges will likewise be curved, but without a geometric constraint. Altogether, these
curved edges represent the outlines of the block structure. Quite naturally, you can see extra
information in the block edges (curved lines) as compared to the topology (straight lines). With
the uniqueness of straight lines, the topology wireframe is determined by only a sequence of cor-
ners, the block edges in the resultant multiblock grid are too complex to be distilled to such asim-
plelevel.

All grid points, which are displayed when the [shell] button is depressed, define “mini-
blocks,” or cells. Corners are to blocks as grid points are to cells.
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Each block has a center, outline, and a
skeleton. The center of each block is the cen-
ter of mass of each block, and is represented
by asmall square. The outline of ablock is
simply the boundary of the block formed by
itsedges. The skeleton of ablock isthe lines
connecting the indexed center of the block
with the centers of the block’s bounding
edges (2D) or faces (3D). Each block skele-

Figure 4.22

tonisdrawn inits own color. When col- block outlines block skeletons

lected, each block skeleton forms a skeleton

for the entire multiblock grid. The skeleton represents the minimal amount of information
required to show a broad representation of amultiblock grid. Also, the skeleton illustrates the
“flow” of the block structure better than the outline. In three dimensions, the number of lines
produced by a skeleton is 6, while the number of edges of ablock is12. Therefore, you can
greatly remove clutter in large grids by activating block skeletons. Figure 4.22 displaysthe
broader physical representation provided by the skeleton. The flow is the block connectivity that
Iswitnessed as simple curvesin the skeleton. In the case of the circle with a hyperquad topol ogy,
the skeleton shows one circular loop and four radial like lines. You can view grids asacollection
of outlines and/or a collection of skeletons. However, you best use only one of these display

forms at atimein order to avoid screen clutter.

Figure4.23
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The outlines of blocks are the
first visual features of agrid you will
see. The outline of each block isdis-
played once you retrieve the grid
from the ‘blk.tmp’ file. By depress-
ing the [B.] button in the brown,
“TRIM” box, you make the skeleton
appear in addition to the outline.
Therefore, if you want to seejust the
outline of agrid, leavethe [B.] but-
ton un-depressed. If you want to
hide the outline of agrid, depressthe
small [b] button in the green, “CUR”
box. Thus, if youwant to seejust the
skeleton, first depressthe[B.] button
(to show both outlines and skele-
tons), then depress the [b] button (to
hide the outlines). Figure4.23 dis-



All the operationsin the [B.] row deal with activating and deactivating blocks. In order to
deactivate a block, deactivate the skeletal center of the block. If ablock’s center is deactivated,
the outline of the block will not be shown (when the [b] button ison). However, the skeleton of a
deactivated block will still be displayed if the [B.] button is depressed. Visually, the cut out blocks
will allow you see the inside of (3-dimensional) grids as solid objects or to see dices of the grid
which do not propagate beyond the active blocks. If ablock skeletal center isafilled, colored
square, the center is activated. If acenter isahollow, colored square, the center is deactivated.
The [shell] operation places amesh on the exterior boundaries of the activate blocks. The exterior
block boundaries are those that have only one active block attached to them: not two. The result
of pressing [shell] isthe display of the active blocks asif they were a solid object. The propaga-
tion islimited to the active blocks.

Because most grids will contain Figure4.24

numerous blocks, you will often need to —
' TRIM B.| +| —| = all
activate or deactivate many blocksat atime, Hss —I —I—I—I

) ) : tivates all
If you require point by point, or center by activates of / R,
center, activation or deactivation, depress deactivates aCtllv_atleS keeps blocks and
. t . .
the [B.] button and click on whatever centers ~ cemersand = multiple active | deactivatesall
. . . illustrates all blocks only active blocks
you wish to activate or deactivate. The[+]  isua gridfea blocks
button to the right of the [B.] button func- tures deacri}’él‘tes that are
. .. multiple currently activates
tions similar to the other [+] you have blocks active ol blocks

encountered: when depressed, the button

alows you to create a purple box with the right mouse button and enclose the box around all cen-
tersyou wish to activate. The[-] complementsthe [+] button. When depressed, the [-] button
alows you to create a purple box with the right mouse button and enclose the box around all cen-
tersyou wish to deactivate. Remember that you must drag the purple boxesto enlarge them. The
[all] button, when depressed, simply activates all centers. The[~] button, when pressed, activates
al deactivated centers and deactivates all active centers. The [*] button is an intersection opera-
tion. Similar to the [+] and [-] operations, the [*] operation allows you to create a purple box and
enclose it around centers. Any centers not enclosed by this box will be deactivated. Activated
centers enclosed by this box remain activated and deactivated centers enclosed by thisbox remain
deactivated. Figure 4.24 illustrates the operations in the “TRIM” box.

Dueto the design of the grid viewer, the possibilities for observing grids are virtually end-

less. Figure 4.25 displays different ways to view grids, and describes what is shown and how to
show it.
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Figure4.25
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EXERCI SE #12:
Retrieve the grid from example problem #5, deactivate any four blocks two different
ways, and encase the resulting figure in a shell.

EXERCI SE #13:
Grid the topology saved in example problem #4, deactivate the four innermost blocks

two different ways, and encase the resulting figure in a shell.
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Chapter 5 - Constructing Topology

5.1 Working in Three Dimensions

All real-life configurations have three dimensions. Therefore, in order to use effectively
GridPro, you must understand the structure of three-dimensional topology and become proficient
in manipulating three-dimensional topol ogy.

At afundamental level, topology in three dimensions is much like topology in two dimen-
sions. Also, the process of creating awireframe, assigning cornersto surfaces, gridding the topol -
ogy, and manipulating the grid in three dimensions mirrors the processin two dimensions. The
first step in creating any topology is always to define the region which must be gridded. Then,
boundary geometry is decomposed into surfaces, and the surfaces describe a block pattern; the
resulting wireframe topology must represent this pattern. In three dimensions, although the rules
governing surface assignment do not change, you will need to assign many more corners. Also,
the gridding process does not change. However, you will receive error messages much more
often. Therefore, you must be more meticul ous when planning topologies and assigning corners
to surfaces.

GridPro boasts powerful three-dimensional graphics. By utilizing these graphics to your
advantage, you can create topologies for virtually any geometry. Rotation increases depth percep-
tion; because viewing a three-dimensional scene on a two-dimensional screen can disorient you,
constantly rotate images so that they maintain their three-dimensional appearance. Also, remem-
ber that the <Q> key allows you to view the coordinates of your cursor on the cut plane. The <Q>
key isespecially useful when the cursor isin between many clustered together corners and edges.

Because topologies in three dimensions are sufficiently complex, GridPro provides tools
to help you create these topologies. The first, and most important tool, is the cut plane. The cut
plane alows you to place corners anywhere in space. Also, the cut plane helps you orient your-
self. Remember to use the [fill] operation in order to distinguish the cut plane from the surround-
ing topology and regional geometry.

EXAMPLE PROBLEM #6:
Prepare an ellipsoid for gridding, and save the resulting topol ogy.
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Figure5.1

After accessing the “Topology Builder” panel (in the
“topo” menu) and the “dim=3" mode (in the “dim=" menu),
we must think about what topology we should create. Keep-
ing in mind that all three-dimensional topol ogies are com-
posed of hexahedrons, we visualize the topology composing
seven blocks: one cube enclosing the ellipsoid, and six hexa-
hedrons serving as awrap for the curved border of the élip-
soid. Figure 5.1 displays the resulting shape, commonly
known as a hypercube. We notice that the hypercube has 16
corners and 32 edges, a considerable amount of topological
componentsforonesymmetricallysimplesurface(theellipsoid).

There are few properties of the ellipsoid we should change from the default settings. In
fact, we only should change the surface orientation; because we are only gridding one surface, we
grid inside that surface. We access “load —€llip” under the “surf” menu, then choose “- side” in

the orient box, and press [ok].

Now, we must create the topology illustrated above
about the ellipsoid. Asshowninfigure 5.2, if corners are
grouped into the sets{1, 2, 3, 4}, {5, 6, 7, 8}, {9, 10, 11 12},
and {13, 14, 15, 16}, the pointsin each set are coplanar.

A total of four planes contain the 16 corners of the
topology. Therefore, we must align the cut plane with each
of the four planes above. At each alignment, we input four
corners at the positionsillustrated above. We should
remember that exact positioning of corners and exact align-
ment of cut planesis unnecessary because GridPro grids
loosely positioned topologies. The topology does not have

Figure5.2

10

to be exactly symmetric and our point clicks do not have to be precise.

In order to access and be able to maneuver the cut plane, we depress the [cut] and [hand]
buttons, found respectively in the green, “SHOW” box and the brown, “CUT-P” boxes. We
remember that the cut plane can be translated or rotated about one of its axis, and can be dilated

by dragging its blue vertex squares.
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Figure5.3

Figure5.5

Figure5.7

Figure5.3-5.10 dis-
plays the steps in creating
the topology. We maneuver
the cut plane so that it lies
almost tangent to the ellip-
soid (figure 5.3). Then, we
rotate the surface and use
the [snap] menu (found in
the green, “ROTATE” box)
in order to align the cut
plane with the plane of the
drawing window. Finally,
we create four corners, and
connect them with edges
(figure5.4). Now, we repeat
this process, but first must
move the cut plane to a dif-
ferent position (figure 5.5).
In this position, we create
four corners and connect
them with edges (figure
5.6). We must realize that
the four corners we now
input are on adifferent plane
than the four corners we pre-
viously inputted even
though all cornerslook like
they are on the same plane.
By depressing the [fill] but-
ton, we can better visualize
the plane in which we are
working (figure 5.7). Now
that we have created eight
cornersin two different
planes, we have finished
creating corners for one
“sde” of theellipsoid (fig-
ure 5.8). We repeat the pro-
cedures above in order to
obtain the same genera
positioning of cornerson
each side of the surface (fig-
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Figure5.6

Figure5.8




ure5.9). By correctly linking all corners with edges, aswe first outlined, we compl ete the wire-
frame (figure 5.10).

Figure5.9 Figure5.10
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However, acompleted wireframe does not represent a completed topology. Corners must
still be assigned to the surface. Because we are gridding the region inside of the ellipsoid, we
must assign the outermost cornersto thisellipsoid. Using the numerical identification labels for
al corners from figure 5.2, we conclude the outermost corners arethosein the set, {1, 2, 3, 4, 9,
10, 11, 12}. Therefore, we assign these cornersto the surface. Because the [S.] operation
involves assignment of individual corners, we use the [+] operation in order to quicken the assign-
ment process.

Now that the topology is complete, we save it under a user-defined file name. Inthe
“topo” menu, we accessthe “TIL save as’ operation, create afile name, and press [ok]. EXAM-
PLE PROBLEM #6 COMPLETED

EXERCI SE #14:
Prepare a superellipsoid of power 10 for gridding, and save the resulting topology.

5.2 Introduction to Groups

Onetool that helps you create three dimensional topologiesis the cut plane; another tool is
agroup. Groups are, smply, collections of corners and edges. Groups allow you to create topol-
ogies many times faster than does sequential corner by corner, edge by edge constructions on the
cut plane. Often, you will repeat procedures for creating topologies (in the last example problem,
corners wereinputted four separate times at four different positions of the cut plane) because grid
topology often requires the user to repeat operations. GridPro has devel oped the group featurein
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order to help you circumvent the procedural repetition so prevalent in the field of grid generation.

More than any other feature, groups help you manipulate three-dimensional topology and
use graphics effectively. Creating atypical topology composed of hundreds of corners and edges
without utilizing groups isill-conceived, time consuming, and unnecessary.

Before learning what a group can do, you should first learn how to accessa group. A
maximum of nine groups can exist for any topological componentsin asingletopology file. Each
group is numbered, one through nine. The corresponding buttons, one through nine, appear in the
brown, “TOPO” box. When you depress one of these buttons, the number on that button activates
that number group. Therefore, when the [6] button is depressed, group #6 is active. Only one
group can be active at atime.

Figure5.11 Corners can be added to, or removed from, only active
surface assignment operations groups. Initially, no cornersexist in any group. Think of

groups as empty buckets. Therefore, at first, you can only add
cornersto groups. After depressing a (one through nine) but-

TOPO :| S. - p—bcl ton, you may add corners to that corresponding group by

depressing the [+] button found below the [2] button. Likeall
ﬂ H g ﬂ ﬂ Q ﬂ ﬂ ﬂ ﬂ other [+] features, this [+] operation allows you to drag a pur-

ﬂ b HHH cp] ﬂl ﬂ ple box with the right mouse button about corners. The cor-
ners within this box will be assigned to the group number
i :E'l den '“"'l pan iﬂl H depressed. Be careful to use the correct [+] when assigning
cornersto groups. Often, people depress the [+] button to the
right of the [S.] button instead, producing an undesired result.
Also, notice that unlike assignment of corners to surfaces, adding corners to groups cannot be
accomplished by clicking on individual corners; you must use purple boxes. Just asthe[+] button
allows you to add corners to groups, the [-] button lets you remove corners from groups. Similar
to other [-] buttons you have encountered, this[-] button requires you to drag a purple box around
corners. Of course, you can only take corners out of groups to which you have already added cor-
ners.

group operations

Similar to the block-related [*] and [x] operations you have seen, the group-related [*] and
[X] operations help you more efficiently add cornersto, or remove corners from, groups. Both
buttons are located in the brown, “TOPO” box. The[*] button isfound directly below the [4] but-
ton, and the [x] button is found directly below the [5] button. When a group already containing
cornersis active, depressing the [*] button allows you to drag a purple box with the right mouse
button. Any cornersinside this box that are part of the active group will remain active. All other
corners, no matter their position or state, will be removed from the group (if they are not removed
aready). When agroup already containing cornersis active, pressing the [x] button will automat-
ically remove all cornersin that group.

The button located above the [<] button helps you visually distinguish active groups from
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the surrounding topology. This button will display [A], [G], or [R]. Each letter represents a
topology mode, one that controls how active groups are distinguished from inactive groups. By
repeatedly pressing the button, you scroll through the three modes. When a group is active, and
the button displays [A], the cornersin the active group and the edges connected between those
corners are highlighted while all of the surrounding topology is dimmed. When agroup is active,
and the button displays [G], the corners in the active group and the edges connected between
those corners are highlighted while all of the surrounding topology is hidden. When agroup is
active, and the button displays “R,” the corners in the active group and the edges between those
corners are highlighted while all of the topology in group #1 isdimmed. Figure5.12 illustrates
some examples.

In particularly complex topologies, you may have difficulty focusing on one set of cor-
ners. By setting the button mode to [R], you localize your work, eliminate screen clutter, and
effectively manipulate specific corners. If you want to dim topology contained in many different
groups, add the topology in these groups to group #1 (using the [+] button), and set the button
modeto [R]. Because group #1 islinked with the [R] mode, this group is called the reference
group. For example, suppose you want to work on the topology surrounding the wing of a plane.
In the drawing area, the topology of the whole plane is displayed. First, isolate the topology sur-
rounding the wing by adding this topology to group #1. Then, toggle the button mode to [R].
Now, when you work with active groups within the wing topology, the inactive topology groups
of the wing will be present but dimmed, while the topology for the rest of the plane will be hid-
den.

The [5] button, located below the [9] button in the brown, “TOPO” menu, is a specidl
group. You might consider it atenth group. However, this group always contains the corners
assigned to the current surface, and isthus named the surface assignment group. Therefore, you
can change the contents of the group just by changing the current surface. Often, when surfaces
are close together, the corners assigned to each surface appear to be right on top of one another.
Using the [s] button will allow you to pick out the corners assigned to one of those surfaces, and
alow you to manipulate just the wireframe about that surface. The [s] group contains all other
properties common to groups.

To save the topology in agroup as atopology file, select “TIL save group as’ from the
topo menu in the top menubar.

Noticethat “TOPO” is a button as well as the title of the brown box in the “panel=T"
mode. The*TOPO” button enables you to visualize better awireframe. When you depress the
“TOPQO” button, the secondary wireframe appears. The secondary wireframe has brown (not yel-
low) edges, and yellow (not orange) corners. This wireframe represents nothing more than a
visual aid; you can reposition corners and edges in the secondary wireframe without affecting the
origina wireframe. If you are afraid that repositioning some components of your original wire-
frame might irrevocably damage it, perform this repositioning with the secondary wireframe to

61



see the effect. If you approve of the effect, then you can change your original wireframe accord-
ing to the secondary wireframe.

Often, users take advantage of the “ TOPO” button when manipulating complex wire-
frames. The best way to untangle a complex wireframe is to create orthogonality among the
edges. In other words, repositioning cornersin arectilinear fashion can help you identify an error
with the topology or see where another layer of edges must be inserted. To reposition cornersin
such a fashion without permanently altering your original wireframe, use the secondary wire-
frame.

Figure5.12
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5.3 Wrapping with Groups

Groups often confuse beginning users because groups, at first, may appear to be abstract.
In effect, the activation of agroup is like the creation of an empty bucket. Thisempty bucket dis-
cardsits abstract label when you fill the bucket with cornersand edges. Asalready described, you
can add corners to groups with the [+] button and the purple box created by dragging the cursor
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over the corners that you wish to add.

Correctly thought out topologies for Figure513
most surfaces include many wraps. You first
saw wrapsin figures4.6 and 4.7. Two more
examplesaredisplayed in figure5.13. A wrap —_—
isadilated or shrunk duplication of a string of e
segments or quadrilateral s translated from and
linked to the original string such that no links
intersect one another. Because wrapping
strings or faces of topology is common and
can be alaborious process, GridPro has devel-
oped afeature that allows you to create awrap wrap
automatically using groups. Since you must
place awrap around every curved boundary,
aswell as most boundary angles, you will
more likely be wrapping wireframe than not.

Before you learn how to wrap, you must first learn what to wrap. On a plane, a closed or
open string of segmentsiswrappable. Each corner in the string must be the endpoint of one or
two edges, not three or more edges. All edges must be part of the same string, and no more than
two corners can define an edge. There is no restriction on the direction of the string, or of the
angles formed from connected edges. In space, a closed or open string of quadrilateralsis wrap-
pable. Each connected edge in the string must be common to one or two quadrilaterals, not com-
mon to three or more quadrilaterals. All quads must be part of the same string. Thereisno
restriction on the direction of the string, or of the angles formed from connected edges.

Sometimes, you will want to exclude aface of awireframe in order to achieve a certain
wrap. Excluded faces contain a diagonal represented by a dashed red line; these faces are ignored
by GridPro during the wrapping process. Thus, a string of one-dimensional segments, which
form arectangle, could be considered atwo-dimensional quad if the faceis not excluded. If you
depressthe “F’ key and click two opposite corners of aface, a dashed red line will appear, signi-
fying that the faceis excluded. Section 5.7 will cover face exclusion extensively.

A wrap is better understood by sight than by explanation. However, the definition pro-
vides agood backdrop to the pictures. Figure 5.14 illustrates wrappable one-dimensional objects,
and figure 5.15 illustrates unwrappable one-dimensional objects.
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Fiqureb5.14
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GridPro can automatically wrap pieces of awireframe in one swift topological action;
you do not need to input the corners and edges of awrap one by one. However, these “pieces’ of
wireframe must be “wrappable,” and must be inside agroup. If these conditions are met, you
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have awrappable group. In order to wrap a group, activate the group, then press the [wrp] button
found in the brown, “TOPO” menu. The button activates the submenu shown in figure 5.16. By
selecting one of the values in the submenu, you can dilate or shrink your wrap by the percentage
shown. A message, found on the top left of the viewing window, will inform you if agroup is

“wrappable’ or “unwrappable.”

active group

Figure5.16
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5.4 Editing and Projecting Groups

Because most topological operations are done with groups, you might wish to retrace pre-
vious operations as group actions. Rather than scrolling backwards corner by corner or edge by
edge, you can scroll backwards and see just group actions by depressing the [grp]/[one] button,
found in the green, “UNDO-REDQO” box. When this button is depressed, the expression, [grp],
appears. Conversely, when the button is not depressed, the expression, [one] appears; the un-
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depressed button allows you to retrace only individual, non-group actions.

In addition to group actions, actions within agroup can be retraced. If you have added
corners to agroup using more than one purple box (adding corners to agroup at different times),
you can retrace your previous steps by pressing the [<] and [>] buttons, found above the [grp]/
[one] button. Practically speaking, these buttons are very useful. By enabling you to visit previ-
ous configurations in a group, these buttons allow direct access on the parts of a group that were
the products of your actions (e.g. wraps, copies, adds, subtracts, etc).

Using the [grp]/[one] button is essential when you are constructing awireframe. Say you
are working on the wireframe surrounding one blade of aturbine, and you want to determine how
to best place corners around the blade’s edge by wrapping a group. If your wrap istoo large, you
will want to undo the whole wrap at once (not piece by piece). In order to do so, depress the
[grp]/[one] button and click the [<] button. Say you have completed your wireframe and are
assigning cornersto surfaceswith the [+] button. By mistake, you press the wrong [+] button (see
figure 5.11), and add 50 cornersto the active group. Because these corners were between others
that were already in the group, you can't visually identify which corners were originally in your
group. Rather than un-doing actions (subtracting corners from the group) one by one, the [grp]/
[one] button (with the [<] button) allows you to subtract, at once, al 50 corners you mistakenly
added to the group.

The [<] and [>] toggle buttons in the green, “UNDO-REDQO” box affect only the second-
ary wireframe when the “ TOPO” button is depressed.

Floure5.17 As you encounter increasingly complex topologies, you
pancake grp to cut-p | Will need to project groups onto the cut plane. When you
pancake grp Lo cur surf Project agroup, you are projecting all corners and edges of that
pancake grp to fit 1 group onto the cut plane. The [pan] button, found in the brown,
. pancake prp to fit 2 “TOPO” box, opens a submenu containing operations allowing

| pancake prp Lo fit 3 Youto project active groups. Figure 5.17 illustrates these opera-
pancake grp Lo xy plane tions. The expression, [pan] is the abbreviation for pancake,
pancake grp to yz plane which also means projection in most cases.

pancake grp to xz plane
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Figures 5.18-5.23. illustrate some Figure5.18
operationsin the [pan] submenu. The origi-
nal active group and cut plane position for
al figuresis shownin figure 5.18. Six
operations in the [pan] submenu, “pancake active aut
grptofit1,” “pancakegrp tofit2,” “pan-  group T plane
cake grp tofit 3,” “pancake grp to xy ’
plane,” “pancake grp to yz plane,” and
“pancake grp to xz plane” project groups
onto planes. The “grp fit” operations

project an active group on either the first,
second, or third least square fitted planes. Recall from statistics that least square fitted planes are

to pointsin space as best fit lines areto points on aplane. Figure 5.19 illustrates a projection with
the “pancaketo grp fit 1” operation, figure 5.20 with the “ pancake to grp fit 2" operation, and fig-
ure 5.21 with the “pancaketo grp fit 3" operation. The other three operations project active
groupsto the xy, yz, or xz plane. Often, when a group’s axes are aligned with the world axes, a
projection on the xy, yz, or xz plane will reduce a rectangle in the group to aline, or acubein the
group to arectangle. The “pancake grp to cut-p” operation, shown in figure 5.22, projects the
active group to the cut plane such that the center of mass of the active group and the cut plane are
relative. The“pancake grp to current surf” operation projects the active topology group to the
current surface. In figure 5.23, the active group is projected on an ellipsoid.

\\

Figure5.19 EXAMPLE PROB- Figure 5.20
LEM #7: .
Redo example problem |

#3 [Prepare a two-dimen- [ .
sional circlefor gridding, L. “’J =
and savetheresulting =" ' | |-
topology]; however, this - : '
timedo an inner or outer | T
wrap using the [wrp] ' —
operation. cut plane |I

Wl

cut plane

pancaketo grp fit 1 pancake to grp fit 2
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Because we are Fiqure5.22

Figure5.21
N working in two dimen- .
|Tx —— sions, we first exit then H'%..
.I Iﬂg 7 enter the az manager in / :
[ . fy  order to start with the | ———
(! - . il
|| proper default settings. f 1 |'
! | Wesdect “dim=2" from f] I,"I [
[ }
|

|
| y thetoptoolbar, and decide || |
' |

Ll that the region we are f L~ . !
— || griddingisinsideof the i T .L |
cut plane o ] J. circle. We accessthe T J

“load —€llip” operation, i

pancaketo grp fit 3 make the “orient” box
read: “- side,” and enter in the coordinates (0, 0, 100000) for the semi-w box. After clicking [ok],

pancake to cut plane

we are ready to construct the topology.
Figure 5.23
™

~

pancake to cur surface

Because we are gridding acircle, and the circle’'s whole circumferenceis curved, we must
wrap about the circle’'swhole circumference. Werecall from example problem #3 that the correct

wireframe looks similar to figure 5.24.
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Figure5.24

Essentidly, all we must do iswrap a square. After creating the square with four corners
and four edges, we can use the [wrap] operation to complete the wireframe. By using the <C>
and <E> buttons to create four corners and link them, we create a quadrilateral that looks like a
square (remember, the topology can be loosely positioned).

Now, we must add the cornersin the quad to a group and wrap the group. We depress any
one of the buttons numbered one through nine in order to activate a group, then depress the [+]
button below the number [2] button. By dragging a purple box over the four corners with theright
mouse button, we add these corners to the active group. Now, we are ready to wrap the contents
of the active group. Note that a square is wrappable because it is a string of segments such that
every corner isthe endpoint of only one or two edges. After we press[wrap] (found in the brown,
“TOPO” menu), a subwindow displaying dilation values appears. The value we pick depends
upon the position of our quadrilateral. If we want to make an outside wrap, we pick a“larger”
wrap. If we want to make an inside wrap, we pick a“smaller” wrap. If we pick the wrong dila-
tion value, we can undo the wrap action by depressing the [<] button found to the right of the
“topo” heading. For this problem, let us make an inner wrap; we choose the “25% smaller” oper-
ation.

Now, we must assign corners to the surface. Because the region we are gridding isinside
the surface, we assign the four outermost cornersto the surface (preferably by using the [+] but-
ton, found next to the [S.] button). Now, the topology is prepared for gridding. In the “topo”
menu, we accessthe “ TIL save as’ operation and save the topology under auser name weinput in
the subsequent window. EXAMPLE PROBLEM #7 COMPLETED

EXAMPLE PROBLEM #8:
Redo example problem #4 [prepare a 2-dimensional ring with a circular hole for grid-
ding, and save the resulting topology]; however, wrap both objects using the [wrp] operation

We exit and enter the az manager in order to start with the proper default settings in two
dimensions, then select “dim=2" in the top toolbar, and decide that we are gridding the region out-
side the hole and inside the ring. Planning to first create the hole, we access “load —€llip” opera-
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tion and see that no default settings need to be changed (even the “ orient” box) except the semi-w
box, which should read (0, 0, 100000). Therefore, we press[ok] and access “load —€llip” againin
order to create thering. We change the coordinates in the semi-u and semi-v boxesto (3, 0, 0) and
(O, 3, 0) respectively, and the orient box to “- side.” After clicking, [ok], werecall in figure 5.25
the correct topology for the surfaces.

Figure 5.25
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The wireframe has one wrap. We can make the wrap the inner or outer quadrilateral. For
this problem, we choose to make the outer quadrilateral the wrap. Thus, we first create the inner
quad by using the <C> and <E> operations. Then, we want to add the corners of this quad to a
group. After Depressing any one of the buttons numbered one through nine, we depress the [ +]
button, and drag a purple box over the cornersin the quad. Now, the corners of the quad are
added to the active group. Pressing [wrap], we pick the value “25% larger”, and create an outer
wrap. Notice: the wrap becomes part of the active group. Also, notice that our wireframe has
been completed.

After completing any wireframe, we must always remember to assign corners to surfaces.
Here, as in example problem #4, we assign the four inner cornersto the hole and the four outer
cornersto thering. The topology is now complete. We accessthe“TIL save as’ operation in the
“topo” menu, and create a file name in order to save the topology. EXAMPLE PROBLEM #8
COMPLETED
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5.5 Grouping with the Cut Plane

In three dimensions, you will amost surely use both groups and the cut plane. Therefore,
GridPro provides you with operations that integrate group and cut plane features. Mastering these
operations will help you maneuver quickly and efficiently in the az graphic manager. You have
seen the pancake operations, which alter group features according to the cut plane’s position. In
this section, you will learn more of these features, as well as features enabling you to alter the cut

plane’s position according to group structure.

Sometimes, you will want to move agroup along with the cut plane. After depressing the
[mv] (move) button found in the brown, “TOPQO” box, you can transform (trand ate, rotate, or
dilate) an active group the same way you transform the cut plane. First, when you depress the
[mv] button, the center of mass of the active group becomes aligned with the center of the cut
plane. Then, by shrinking the cut plane to 50% of its original size, for example, the active group
will shrink to 50% of its original size aswell. Note that the [mv] button is not automatically
undepressed after being used. Figure 5.26 displays an example of the dual transformation possi-
ble with the [mv] button.

Figure 5.26
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Fiqure 5.27 Often, you might want to align the cut plane with a group.
g |- When ypu pres“s [.ctr] | n the br(’)’vx‘/‘n, “ CUTP’ box,.a Sl’J’bmen:J
group containing the “view,” “group,” “grp fit 1,” “grp fit 2,” and “grp
et |grp fit 1 fit 3" operations appear. Remember from chapter 3 that the
o grp fit 2 “view” operation aligns the center of the cut plane rectangleto

grp fit 3 thecenter of the drawing area and resca es the cut plane rectangle

~ suchthat itsareais half that of the drawing area. In order to the
other operations, agroup must be active. The “group” operation alignsthe center of the cut plane
rectangle with the center of mass of the active group. The “grpfit 1” operation performs the same

function as the “group” operation, but also aligns the cut plane normal axisto the shortest major
group axis and the other two cut plane axes to the other two group axes. The “grp fit 2” operation
performs the same function as the “group” operation, but also aligns the cut plane normal axisto
the second shortest major group axis and the other two cut plane axes to the other two group axes.
The“grp fit 3" operation performs the same function asthe “group” operation, but also aligns the
cut plane normal axisto the longest major group axis and the other two cut plane axesto the other

two group axes. Figure 5.28 displays how the cut plane is affected by the operationsin the [ctr]

submenu.
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Figure 5.28
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Note the difference between the “grp fit” operations in submenu contained under the [ctr]
button and the submenu contained under the [panc] button (in the brown, TOPO box). The [ctr]
button deals with operations that align the cut plane to the active group; the [panc] button deals
with operations that align the active group to the cut plane.

In addition to aligning the cut plane with agroup, you can add cornersto a group by using
the cut plane. In the brown, “TOPO” box, the [cp] (copy) button opens a submenu containing
operations that alow you to produce transformed copies of a group by using the cut plane. Of
course, in order to use these operations, a group must be activated. Thefirst operation, “translate
to cut-p,” smply duplicates the group structure on the cut plane such that the center of mass of the
copy of the group and the center of the cut plane rectangle coincide. Figure 5.29 displaysthe
result. After thisaction, anew group isformed, one comprised of the original group and its dupli-
cate. Thisnew group replaces the old group. In order to retrieve the old group, you must retrace
an action in the new group by pressing the [<] button in the brown, “TOPO” box.
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Figure 5.29
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The second operation, “+drop back edges,” represents perhaps the most useful single tool
for the graphic manager. This operation first performs the “trandate to cut-p” operation, then
links each original corner with its corresponding duplicated corner. Figure 5.30 displays the topo-
logical action.

Figure5.30
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“+drop back edges’

Essentially, the “+drop back edges’ operation saves you time because the operation cre-
ates aduplicate of awireframein adifferent plane, then creates edges between the wireframe and
its duplicate automatically. Aswith the “translate to cut-p” operation, every corner and edge cre-
ated becomes part of the active group. Also, remember to use the [<] button in the brown,
“TOPO” box when you wish to retrieve the old group.

The other operation, “+pancake to cut-p,” defines another often used feature. This opera
tion duplicates the active group by first moving its center of gravity to the cut plane center and
then projecting each corner onto the cut plane in the direction of the original movement. Then,
the operation drops back edges, or links the original cornersto the corners which compose the
flattened copy of the group. Despite what you might think, the “+pancake to cut-p” operation has
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tremendous val ue; inputting corners along a curved trgjectory seldom can be accomplished with
the same efficiency using other operations. Like the other two operationsin the [cp] (copy) menu,
the “+pancake to cut-p” operation adds duplicated cornersto the original group. Figure5.31illus-
trates how “+pancake to cut-p” works.

Figure5.31
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EXAMPLE PROBLEM #9:

Redo example problem #6 [prepare an ellipsoid for gridding, and save theresulting
topology]; however, use groups, operations from the [cp] menu, and the [wrap] button in order
to create your wrap.

By using groups and their associated operations, we will be able to complete the topol ogy
for an elipsoid with great ease. However, before we begin creating the topology, we must access
the “dim=3" mode (if not accessed aready) and “ Topology Builder” mode, then ask ourselves:
what region are we gridding? Because thereis only one surface, we will grid inside that surface.
Accessing the “load —€llip” operation and changing the “orient” box so that it reads, “- side,” we
click [oK].

The topology for this surface mirrors the topology in example problem #6; the wireframe
itself represents a hypercube and the surface assignments do not change. However, instead of
having to translate the cut plane three times and to input corners manually, we can now use group
operationsto translate and create corners automatically.
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First, we will plan how we are going to make the topol- Eiqure 5.3
ogy. Looking at figure 5.32, we see that by creating corners 1,
2, 3, and 4 by traditional means and add those cornersto a
group, we can duplicate the group in order to produce corners
5, 6, 7, and 8. By dropping back edges (connecting the original
corners to the duplicated corners), we create a cube:

Then, after having created the outermost portion of the
figure, we automatically have all eight cornersin our group and
can then perform an inside wrap on the group. Figures5.33-
5.38 illustrate visually the steps involved in creating the wire-
frame.

Fiqure5.33 In order to create the first four corners, we position the cut
plane so that it lies near the ellipsoid. We depress [cut] and
[hand] buttonsin order to see both the cut plane rectangle and its
handles. Then, we position the cut plane by manipulating its
axes, or by using the [pos] button found in the brown, “CUT-P’
box. Theresultisshown infigure 5.33. Notice that we have
pressed the [fill] button and removed the cut plane axes by
pressing [hand] so that we can see the cut plane more clearly.
We can best position corners by aligning the cut plane axes with
the screen axes. Therefore, after the cut plane has been posi-
tioned, we should rotate the system and use the [snap] menuin
order to align the axes.

After positioning the cut plane, we can now input and Fiqure 5.34
link corners. Because we are creating outermost corners (cor-
ners 1, 2, 3, 4), for visual convenience we place the corners
such that any link between them does not cover any part of the
élipsoid. Using the <C> and <E> keys, we create the corners
and edges. Figure 5.34 displays a possible correct configura-
tion. The cut plane rectangle in the figure appears smaller
than the quadrilateral formed by the four corners; remember,
the actual size of the cut plane rectangleisirrelevant because
the rectangle just represents the whole plane. Dilating the cut
plane rectangle is nothing more than a visual aid.

Before we trandate the cut plane and apply the [cp]
(copy) operation, we should align the cut plane with the group center of gravity. Without this
alignment, our drop back edges will be skewed (not perpendicular to the cut plane). Thus, we
press the [ctr] button in the brown, “CUT-P” box, and choose the “group” operation in the result-
ing submenu. Although unnecessary, this procedure produces a visually more attractive and thus
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distinguishable wireframe, an essential component to effectively manipulating corners and edges
In more complex situations.

Eigure .35 From the four corners we created, we can construct
the wholetopology. First, we must add the existing topol-
ogy to agroup. By depressing any button numbered one
through nine, we activate agroup. Then, by depressing the
[+] button (found below the [2] button) and dragging a pur-
ple box over the four existing corners, we add those corners
and their corresponding edgesto the active group. Next, we
depress “hand” to access the cut plane axes. Then, we
trandate the cut plane in order to position it on the other
| “side” of the ellipsoid. Figure 5.35 displays the correct
. trandation after we hide the cut plane axes. Now, by dupli-
. cating the existing topology on the cut plane and dropping
back edges, we can create an outer cube.

We can now use the cut plane rectangle in order to Figure 5.36
drop back edges. After pressing the [cp] button found in )
the brown, “TOPO” menu, we seeawindow allowing usto - J —

choose among the “trandate to cut-p,” “+drop back
edges,” or “+pancake to cut-p” operations. Because we
want to duplicate the topology on the cut plane, and then
link the duplicated corners with the original corners, we
choose the “+drop back edges’ operation. Actualy, the
“+pancake to cut-p” operation would have the exact same
effect as“+drop back edges’ operation because the axes of
the cut plane are paralel to the corresponding axes of the
group. The“translate to cut-p” operation would just dupli-

cate the topology on the cut plane. Figure 5.36 illustrates  f———"" —
the desired result, eight outer corners linked so that a cube

isformed. Notice that the perpendicularity of the drop back links results from our previous use of
the [ctr] button.

By wrapping this topological cube, we can create a hypercube. We now remember that
any operation from the [cp] menu performed on a group automatically adds duplicated corners to
that group. Therefore, the four duplicated corners we created were automatically added to the
group containing the original four corners when we used the “+drop back edges’ operation. Real-
izing that all corners of the cube are now grouped, we can wrap the group. Accessing the wrap
operation, we choose whatever dilation value is appropriate. Remember, the [<] button to the
right of the “topo” heading in the “UNDO-REDO” box will undo atopology mistake, or specifi-
cally here undo an incorrectly dilated wrap. Figure 5.37 illustrates the topology created after a
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“25% larger” wrap. Notice that the surface and cut plane are hidden (because the [surf] button in
the green, “SHOW” box and the [cut] button in the same box are undepressed). Figure 5.38 dis-
plays wireframe's position relative to the surface.

Figure5.37
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Now that our
wireframe is com-
plete, we must assign
the appropriate cor-
ners to the surface.
Because we are grid-
ding inside the élip-
soid, we must assign
the outermost eight
cornersto the surface.
These corners are
numbered, 1, 2, 3, 4, 5,
6, 7,and 8 infigure

Figure 5.38

5.32. Becausethereisonly one surface, it must be the current surface. Using the [S.] button or
the [+] button (found to the right of the [S.] button), we can assign these corners to the surface.

Now, the topology is complete.

We accessthe “TIL save as’ operation under the “topo” menu and save the topology
under a user-defined name. EXAMPLE PROBLEM #9 COMPLETED

EXERCI SE #15:
Using groups and operations from the [cp] menu, prepare any superellipsoid of power

15for gridding.
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5.6 Inserting Edge Groups

When you create topologies for multiple surfaces, you will often construct grid-like wire-
frames. Because adding corner layersindividually for these wireframes consumes time and sacri-
fices precision, GridPro has a feature which enables you to create quickly these (often multiple)
corners within the boundary of an already existing wireframe.

Corner inserts are created using a feature of the insert mode. While the default insert
mode will give you an entire layer that propagates throughout the entire extent of all possible
wireframe edges, the basic structure can be seen from the insert of a single corner along an edge.
Located in the bottom left corner of the brown, “TOPQO” box isthe button [i:1]. The expression
[i:1] means*®1 edgeinsert.” By pressing this[i:1] button, a submenu appears with two other
modes, the “group insert” ([i:g]) and the “all insert” ([i:a]) modes. The[i:1] mode allowsyou to
input a corner on an edge in order to split that edge by depressing the <I> key. The other two
modes allow you to input multiple edges by depressing the <I> key and clicking on an edge.

By enabling you to place acor- Figure5.39

ner on an edge, the [i:1] mode lets you traditional method “i:1" method
compartmentalize numerous opera- corner to be corner to be

] P i _p inserted here inserted here
tions and much maneuvering into one |
click of the mouse. For example, in — u & 1
order to pl acez_if:orner in between two IE| . . |I| S .
others, wetraditionally had to perform
many operations. We would eliminate = .
the existing edge between the corners
with the <R> key, then input a new = n
corner between the two old ones using
the <C> key. By clicking several L I o

times with the <E> key depressed, we
could createlinks between the corners.
Finally, we would have to translate the inputted corner such that all three corners were colinear.
An alternative to this somewhat laborious procedure is accessing the [i:1] mode, depressing the
<I> button, and clicking at the point on an edge where you wish to place acorner. Figure 5.39
Illustrates the differences between the two methods.

Exactly what multiple edges which are inserted are better understood through visual
example rather than explanation. Therefore, look at figures 5.40-5.43 after reading the following
explanation:

The“i:g” and the “i:a” modes can be accessed in both two and three dimensions. If the
“i:a’ modeis accessed, when you depress the <I> key and click on an edge, a corner forms on that
edge at the point you click and proportionally on every edge topologically parallel to the edge you
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clicked. If the“i:g” mode is accessed, and a group is active, when you depress the <I> key and
click on an edge in the active group, a corner forms on that edge at the point you click and propor-
tionally on every edge both in the active group and topologically parallel to the edge you clicked.
Notice, every point you click goeson an edge. If the“i:a’ mode or “i:g” mode is accessed, when
you depress the <I> key and click on an edge, not only are corners formed proportionally along
every edge paralel to the one you clicked; edges are created between the newly formed corners.
If the “i:g” modeisused and a group is not activated, the mode functions similar to the “i:&’
mode.

Figures 5.40 and 5.41 are two-dimensional examples, and figures 5.42 and 5.43 are three-
dimensional examples. Figure 5.41 illustrates a common occurrence: when the whole wireframe
represents an active group, the actions performed under the [i:g] and [i:a] modes are equivalent.

Figure 5.40
. . M5l
insertion | |
point M
| [ »
active | |
group |
S = 1 d . N x
+ “i:1" mode
“i:g" mode “i:a" mode

¥ ¥ ¥ ¥ 4

* 4 i 4
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Figure 5.43

active

group
r - l_ T 1
| | “i.g” mode
| |
| |
——_4 ___ 5

“i:a” mode
insertion
point

Additionally, the edges formed as aresult of the [i:g] and [i:a] modes do not penetrate
excluded faces. Seefigure 5.44.

Figure5.44

“i:a’ mode

insertion
point \

EXERCI SE #16:
Grid, in two dimensions, a superellipse with two circular holes.

Also, you must distinguish between corners inserted on an edge and cornersin free space
that appear on that edge. Be sure to take these considerations into account when you wrap. If the
edges produced as aresult of awrap intersect other edges, you will want cornersto be inserted at
theintersections. In order to make GridPro recognize these intersections, you must use the refer-
ence group (group #1). The contents of the reference group should contain the corners and edges
you wish to wrap and the edges that will contain the intersections. Each corner of the wireframe
you wish to wrap can be connected to either 0 or 1 edges that will contain an intersection point.
You should put only the corners and edges you wish to wrap in any other group. Then, you must
repeatedly click the button located above the [<] button in the “ TOPO” box until the button reads
[R]. Now, you can activate the group containing the wireframe you want to wrap, and wrap it.
Figure 5.45 provides an example. In the figure, notice that the four verticies of the outermost rect-
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angle of thefinal wrap are connected to edges containing no intersection points. All other corners
on the edges of the outermost rectangle are connected to edges containing exactly one intersection
point. Remember, to perform the wrap successfully, the button located above the [<] button must
read [R].

Figure 5.45

1 1 1

original wireframe group #1 other group wrapping “other group”

5.7 Face Exclusion

You have learned to distinguish basic wrappable surfaces from basic unwrappable sur-
faces; this subsection describes exceptions arising from the rules stated previously regarding the
wrappability of asurface. In order to account for these exceptions, you must “exclude” faces of a
wireframe. A face hereisdefined asthe area enclosed by four corners and the edges among them.
Face exclusion is necessary in two cases:

First, you must exclude faces so that GridPro can read correctly the dimension of a surface
being prepared for wrapping. For example, awireframe rectangle can be thought of as a string of
four segments (a one-dimensional wrapping) or as a quadrilateral (atwo-dimensional wrapping).
Therefore, you must specify the dimension of the wrap. In order to convey to GridPro what you
are wrapping, you must exclude faces of awireframe when the edges of those faces are to be
wrapped as one-dimensional segments.
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Figure 5.46 Second, you Figure 5.47
must exclude faces .
in order to excludea -
portion of thewrap. '

Figures 5.46 and
5.47 illustrates how
wraps are affected
wrap wrap and by excluding faces. wrap wrep and
snap snap

You might believe that in order to wrap
the outside faces of a three-dimensional
object, you have to exclude the object’s
internal faces. However, GridPro auto-
matically excludes these faces for you.
Seefigure 5.48.

faces are not excluded

Face exclusion allows some corners and edges Figure5.49
to be wrapped one-dimensionally and other corners and
edges to be wrapped two-dimensionally. The combina-
tion of dimensionality and positioning determine the
shape of the final wrap. When one faceis excluded
(wrappable in one dimension) and an adjacent faceis
not (wrappable in two dimensions), the resulting wrap
will form as follows: the excluded face will attempt to
pancake the wrap, and the other face will attempt to
extrude the wrap. The result isacompromise: a some-
what extruded but somewhat pancaked configuration,
like that in figure 5.49.

In order to exclude a face, you must hold down
the <F> key click two corners of adiagonal of the desired face. A dashed red line appears
between these corners, signifying that the quad, or face, is excluded. Asthe cursor approaches a
corner, the cursor becomes ared or white circle. Remember: ared circle implies that you proba-
bly will access a corner, and awhite circle implies that you definitely will accessacorner. In
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order to remove the dashed, red line, hold down the [R] key, move the cursor to the line, and click
the left mouse button. Asthe cursor approaches an excluded face diagonal, the cursor will turn

into ared or white X symbol: Often, exclusion markers will clutter your screen. To remedy

this problem, you can hide the exclusion markers by undepressing the [x&a] button, found in the
green SHOW box.
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Chapter 6 - Viewing Grids

6.1 Grid Resolution

The density of agrid isof great importance; agrid can be used for analysisonly if the
gridded region is sufficiently resolved. Before you begin the gridding process, you can specify
the density of the grid you wish to create. Also, you can specify what portions of the grid should
contain more or less detail. This“detail” is represented by a number, a number which describes
the number of grid cells along an edge (and thus all compatible edges).

The grid cell count is directly proportional to the grid’s overall density. Including both
endpoints of an edge, the number of mesh lines present is one more than the number of cells
inputted. You must set the density of the grid in the “ Topology Builder” panel; you will not see
the results of any density alterations until you actually seethe grid (in the “Grid Viewer” panel).
By accessing the [den] operation in the brown, “TOPQO” box, you open a window containing den-
Sity options. You can alter the grid density of sets of topologically parallel edges, or all edges.
You cannot alter the density of only one edge or a pair of topologically perpendicular edges.

If you wish to alter the density of a set of topologically parallel edges, first open the den-
sity window, then click on one of the parallel edges. All parallel edges will then become red. If
you wish to alter the density of all edges, do not click on any edge.

Eigure6.1 The density window contains four boxes. the “edge,”
“cur den,” “new den,” and “label” boxes, as shown in figure

et o 6.1. The edge box reads“all,” or delineates specific edges.
e If you are changing the density of all edges, the edge box
B —a "o den! |p will read “al”; if you are changing the density of a set of
label : i paralel edges, the edge box will display every edge being
closs|  spply atered. The“cur den” box displaysthe current density of

either the parallel edges being altered or all edges. The
the density pop-up menu default setting is 8, or 9 mesh lines per set of paralel edges.
The“edge’ and “cur den” boxes contain fixed information;
you cannot type new information in these boxes. The “new den” box illustrates the new density
of the edges you wish to alter. Therefore, you must type the desired density value of the edgesin
thisbox. When you press[apply], the density of the edges you specified will become the number
you typed in the “new den” box.

The greater the density of the topology, the longer the Ggrid process will taketo complete.
For two-dimensional grids, every time you double the density of the topology edges, you increase
the Ggrid processing time by afactor of 4. For three-dimensional grids, every time double the
density of the topology edges, you increase the Grid processing time by afactor of 8.
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If you have initiated the Ggrid process, but notice that you wish to change the density of
your grid, you can do so without interrupting Ggrid. As Ggrid is running, change the density to
the desired value using the [den] button, then select the “Ggrid gridden” operation in the “topo”
menu. Ggrid will automatically update the grid being created.

By typing adesigna- Figure6.2

tioninthe“label” box, the | /'\ed e Iabel\\
ge clic

edge you clicked will adopt
your designation as identifi- ' ke oy E

cation. In order to seethis . —
e ﬁ
identification (on the wire- sl
frame edge), depressthe[lb] o 5" |E
button in the green, e h %—»

“SHOW” box. Seefigure

6.2. el =g
|l

Labeling edges on
your wireframe can help
you weave your way
through a complicated topology. Usually, you label edges which represent two very different
parts of the region to be gridded, yet look too similar in its surroundings to be distinguished from
each other. Additionally, if the “bottom” of one surfaceisfacing the “top” of another, labeling
the corresponding topological edges can help you navigate through the topology. Also, labeling
could be used as atool to identify which edges have unique densities. For example, say you are
gridding an airplane, and want afine mesh around just the wings. In order to make sure every
topological edge around the wing will be gridded with a greater density, label each edge when you
change its density. Then, when you think you have changed the density of all the appropriate
edges, you can observe whether you have done so on the drawing area. Whatever “wing” edges
that are not labeled have not had their densities changed.

L abels specify edges; identification numbers specify corners and grid blocks. GridPro
automatically assigns an identification number to a corner or grid block as soon asoneis created.
To see these identification numbers, depress the [id] button, found in the green, “SHOW” box.
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Elure6.3 Undoubtedly, before performing CFD (Computational
Fluid Dynamics), you will want to resolve certain parts of

~ clustering your grid to a greater extent than other parts. In general, for

‘“ ataf;b&;gj' viscous flow, boundary surfaces need to have a high resolu-
tion; body surfaces can have alow resolution for non-viscous
flow. Most physical changes occur at the boundaries of a
region. Thus, substantial fluid dynamic variations occur at
these boundaries. Therefore, in order to perform CFD calcu-
lations, you must place enough nodes (or cells) at these
boundaries to resolve the flow physics. Think of each node
as an observer. You need many observers at the boundaries
of aregion because arapid changeis occurring there. So

much happens in such asmall space - you heed to sort out individual occurrences. The only way

to resolve the action is to position numerous nodes appropriately. An example of thistype of

boundary node clustering appearsin figure 6.3. In thisfigure, the clustering resolves the bound-

ary layer along the right side of the figure. Clustering isincluded as a surface definition parame-

ter, and as a utility in GridPro (the “clu” utility). The“clu” utility converts Euler gridsinto

Navier-Stokes grids.

6.2 Introduction to Blocks, Sheets, Faces, Shells and Slices

Asyou have aready learned, agrid can be split up, sliced and represented in many differ-
ent ways. The block traces composing a grid contain edge outlines, centers of mass (remember
thefilled in or hollowed out little square boxes), and skeletons (links from the center of mass to
the center of each face). These various features can be hidden or activated in various waysin
order to display different parts of agrid. Using the [shell] button, you can see an outline of the
grid.
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Eigure 6.4 Because meshes are Fiqure6.5
used extensively for analy-
sistesting, GridPro alows

five youtovisuaizethemindif-  gyen

{ blocks  ferent ways. First and fore-  blocks

most, in order to understand
meshes, you must under-
stand the difference
_ between blocks, faces, seven
five dices, sheets, and shells; SO blocks
blocks
andone  far, you have learned about ~ @done
fce  plocks, their skeletons, their
outlines, and their centers.
When the “Ggrid” process

createsagrid, GridPro seven blocks,
five blocks, ; ing
: carves up theregioninside ~ seven faces,
EEER fivefaces,
: . . . onefaceshest,
T oneface  each block into IJK coordi- =\ 4
St*;leee'fslhad“ld nates (index coordinates) in
order to create a smooth

grid. ThelJK coordinates of
each point are integers; each node thus lieson alattice point. The maximum and minimum values
of these IJK coordinates appear on the boundary of the block. Notethat 1JK coordinates differ for
each block (within one grid). A faceisthe grid about aboundary of ablock. More technically, a
faceis anetwork of links along indexed | XK lattice points such that I, J, or K isamaximum or
minimum. A sliceisagrid that cuts through a block. Moretechnically, adiceis anetwork of
links along indexed IJK lattice points such that I, J, or K is any constant integral value between a
certain maximum and minimum. A sheet is simply a collection of linked faces or a collection of
linked slices. A sheet composed of linked facesis called a face sheet, and a sheet composed of
linked dlicesiscalled adice sheet. A face sheet composed of the faces of the outer boundaries of
all outer, activated blocksis called ashell (whichisasheet). A face sheet composed of the faces
of the outer boundaries of some outer, activated blocksis called a partial shell (whichisaso a
sheet). Figures 6.4, 6.5 and 6.6 illustrate some different ways in which grids can be viewed. Fig-
ures 6.4 and 6.5 display faces and face sheets. Figure 6.6 displays slices and slice sheets. Notice
that sheets can take on many shapes.
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Let us summarize: distinct blocks have distinct faces and distinct slices. Many linked
faces or many linked slices comprise a sheet (either aface sheet or aslice sheet). A face sheet can
be either ashell or apartial shell.

Manipulating blocks, faces, dlices, and sheets will help you to look inside and analyze
parts of grids. For complex grids, you will want to check numerous cross sections to observe spe-
cific features such as the density of the mesh lines or the number of singularities in a subregion.

6.3 Using Blocks, Sheets, Faces, Shells and Slices

Now that you understand the difference between a face, dice, and sheet, you will learn
how to manipulate each grid feature. You will use operations from the brown, “TRIM” box, the
green, “CUR” box, and the brown, “MAKE SHEET” box. Before doing so, realize that blocks
are at the core of grid viewing; faces, slices, sheets, and shells are derived from the block struc-
ture. Because blocks are so important, each is given an identification number (similar to sur-
faces). In order to see every block’s identification number, depress [id] in the green “SHOW”
box.
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Figure 6.7 You can mani pU- Figure 6.8

block operations late faces or dlicesjust
as you manipulated

blocks by using the The center, rightmost,

TRIH B.| + -| »| all]| 7| operationsin the brown, 3d Pottommost slices of
_ — ! the dice sheet are deacti-

SF. % 5| %l alll 7] “TRIM” box. Like vated. The “HLR with
N

/ blocks, faces and slices shade” operation is
accessed.

_ _ are activated and deacti-
faceand dice operalions y/ated, Also like blocks,
faces and dlices can be activated and deactivated
using [+], [-], [*], [dl], and [~] buttons. These but- _

. The center slice of the
tons are found to the right of the [SF] button. The  poermost slice shest,
[SF.] button functions for faces and slices just like  and the rightmost and
the [B]. button functions for blocks, as shownin l'eftmos". slices of the

) . ower slice sheet, are
figure 6.7. If you do not remember how to manipu- deactivated.
late blocks, look back in chapter 4; manipulating
blocks is analogous to manipul ating faces and
dices. Before you can use the buttonsin the [SF] The [SF] button is
row, however, you must already have created a depressed - the center and

. : : skeleton of every diceon

sheet; the buttonsin the [ SF.] row can manipulate the dice shedt Is dis-
only the faces on the current sheet. Note also that a played. The*point” oper-
shell is composed of linked, activated faces—if one ~ ationisaccessed
or more faces are not activated, the sheet isnot a

shell (but rather apartial shell).

Fiqure 6.9 The green, “CUR” box houses some useful operations for
scrolls manipulating grids. First, remember that we have used the [del]

hides through hides . . . ;
current  current al button found in the box in order to eliminate shells. However, this

grid grids sheets  [del] button actually eliminates the current sheet, not just the shell.
l l Like surfaces, sheets and grids can be current. When many sheets
are on the screen, you can press the [<] and [>] buttons (found to
g iﬂlii_l:_::;lg the right of the [she] button) in order to toggle between current
sheets. In order to hide the current sheet, un-depress the [she] but-
hitles toggles .\ ton. Inorder to hide al sheets for the current grid, undepress the
current ~ @mong current  LSN€] button found to the right of the [ort] button. Just asthe arrow
sheet Cslﬁlrer:tr;t sheet  buttonsto the right of the [she] button toggle among current sheets,
the arrow buttons to the right of the [grid] button toggle between
current grids. When undepressed, the [grid] button itself hides the current grid. Because you will
most likely have one grid in the “Grid Viewer” panel, you will use the last three mentioned but-
tonsrarely. The location of these operations is shown in figure 6.9.
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The brown, “MAKE SHEET” box allows you to manipulate
grids about multiple surfaces and to create dices, shells, and sheets.
Understand that by default, surfaces are hidden in the “ Grid Viewer.”

You can toggle among the hidden surfaces in order to make one cur-
rent by using the arrow buttons found to the right of the [surf] button.
The upper-left corner of the drawing area displays the current surface

id number. The [surf] button, when pushed, will place a sheet about

Figure 6.10

-Eurﬂ -1] p—] all

2N

creates
sheet on
current
surface

scrolls creates
through ~ sheeton
hidden every
surfaces surface

the current hidden surface. The [all] button, when pushed, will place a sheet about all hidden sur-
faces. These operations are conveniently located next to one another, asin figure 6.10.

Fiqure6.11 Aside from creating sheets
___——|edge about surfaces, you can also create
sheets at any desired |JK setting.
By pressing [edge], then clicking
any point on an edge, you create a
sheet composed of slices. When
you move the cursor to an edge, the
cursor should become a vertical,

double arrow: The sheet will

appear probably closeto whereyou
click on the edge, at the closest |JK
constant index. After creating a
sheet, you can use the arrow but-
tons located on both sides of the
[step] operation in the green,
“CUR” box to “step through” dif-
ferent sheets. All but two of the
sheets you “ step through” will be
dice sheets; the sheets present
when 1, J, or K isamaximum will
be face sheets. Remember, there
are afinite number of slices
because each node of asliceison
an IJK lattice point. Figures 6.11
and 6.12 illustrate the “ stepping”
process.

Figure 6.12

When you have one or more sheets on display, you can select a color scheme that will fit
your needs. You can color each sheet by slices or faces, or just color every sheet differently. In
the green, unnamed box, the [c:she] button opens a menu containing the “color by blk,” *color by
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sheet,” and “color by IJK” operations. The “color by sheet” operation, when accessed, colors
each displayed sheet differently (there is one color on each sheet). The “color by block” opera-
tion, when accessed, colors each dice or face of each sheet differently.

By creating dices, shells, and sheets after deactivating some blocks, you can obtain useful
cross-sections of grids. When you create a sheet using the [edge] button, the sheet only cuts
through activated blocks. Also, when you press [shell], a sheet is formed from the outer faces of
only activated, outer blocks. Figures 6.13 and 6.14 display a small sampling of cross-sections of
grids.

Figure6.13

One face sheet isdisplayed. Three Threeslice sheetsare displayed and Three dlice sheets are displayed. The
blocks are deactivated and the [shell] the uppermost block is deactivated front-most and rightmost blocks are
button has been pushed. Notice, the deactivated.

sheet does represent a shell because the

outer faces of all outer activated blocks

are activated. Also, notice that the cen-
ter block is now an outer block

Figure6.14

This grid is one of turbomachinery
blades. Each blade isrepresented by
aninterior surface. The faces on the

top, bottom, right, and left of thefigure
are activated while the faces on the
front and back of the figure are deacti-
vated. Therefore, apartial shell sur-
roundsthe figure. Also, the outlines of
all blocks are displayed.

Locations of hidden sur-
faces about which agrid
has been created.
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GridPro enables you to save blocks and sheetsjust asit alows you to save grids. To save
aset of grid blocks, make the grid current, activate the set of blocks, then select the “ save trimmed
blk” option in the top menubar “grid” menu. To save grid sheets, make the grid current, display
al and only the sheets you wish to save, and select “save sheets’ in the top menubar “grid” menu.

You can print out gridsin color or in black and white. When you choose “print color” or
“print BW” from the top menubar “grid” menu, GridPro writes the displayed blocks and sheets to
thefile‘sheet.tmp’. A hidden lineremova (HLR) isautomatically performed on thisfile, and the
results are written to a postscript file, ‘eps.tmp’. You can send this postscript file to a printer.

6.4 1K Orientation, Global Control and Spacing

Asyou already know, each block has unique IJK positioning, one allowing slices and
faces to be created. In order to seethe IJK axes for each activated block, press the [ort] button
found in the green, “CUR” box. ThelJK axeswill appear near the center of each block. For each
set of axes, thel axisis pink, the Jaxisis green, and the K axisis yellow.

You know that you can color a sheet either uniformly or by faces or slices. Sheets can also
be colored by the ILK orientation of their faces or slices. Because each face or diceis created
when |, J, or K isaconstant, each face or slice can be colored depending on which coordinateisa
constant. The[c:she] menu, found in the unmarked green box, containsthe “color by 1JK” opera-
tion. This operation allows you to color faces and slices as described above.

Figure6.15 In complex grids, you will need to hide some
] |_ grid regions in order to observe others. Hiding
1LLE E—Utl i—dl EI objects, such as sheets and blocks, are done on both
globa SURF| ort| aglobal and alocal level. You cannot hide an
controls TOPO| vec| x&ka| ekh| pos|
object on alocal level unless you have depressed
\GRID |blk jshe ork] | the appropriate button on the global level. The
green, “SHOW” box contains global operations
CUR: sheet «step »| | andthegreen, “CUR” box contains local opera-

local W -l ﬂF ﬂ'ﬁ tions. Seefigure 6.15. You can toggle between

controls lshe | | »| pick| de1| | beingableto hideor to display blocks, sheets, and
""""""""""" K axesonly if the[blk], [she], and [ort] buttonsin

the green, “SHOW” box are depressed. You toggle between actually hiding or displaying blocks,
sheets, and 1K axeswith the [b], [ort] and two [she] buttons in the green, “CUR” box. Remem-
ber, one [she] button hides the current sheet, while the other [she] button hides all sheets on the
current grid.
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Sometimes, you will need to test the smooth- Figure6.16
ness of agrid or to measure precisely dimensions of
agrid. You can measure precisaly the distance
between two nodes by first pressing the [space] but-
ton found in the unmarked, green box, then moving
your cursor to the line connecting two nodes and
clicking the left mouse button. The cursor will turn

BZ2: node spacing = 0,200321

into ared or white double arrow, H asit

approaches this line; you might have to zoom in so
that the double arrow becomes white. You must be
in the [c:she] modein order to use[space]. Also, the sheet on which you are measuring distance
must be current. When you have successfully clicked a grid line after pressing [space], theline
becomesred. The length of the line (or curve), or the node spacing, is displayed in the top left
corner of the drawing area, asin figure 6.16.

The [space] operation proves useful when you use clustering in your grid. The button
allows you to check precisely off-the-wall spacing near a boundary.

EXERCI SE #17:

Grid a superéllipsoid of power 5, then represent the grid asa shell. Cut open the grid
shell by deactivating faces. Then, deactivate the whole shell and create a sheet composed of
dices. Usethe [step] operation until you have observed at least 5 other, corresponding slices.

Finally, find the distance between any three pairs of nodes.
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Chapter 7 - Surface Geometries

7.1 Overview

Until now, you have seen only asmall sampling of GridPro’s surface definitionsin the
form of ellipsoids. More generally, GridPro contains two types of surfaces: implicit (analytic)
surfaces and explicit surfaces.

Implicit surfaces are defined as equal potential surfaces of a scalar valued analytic func-
tion of the (X, y, z) position vector. These surfaces are defined by the equation, u(x, y, 2 = 0.
Hardwired into GridPro are four special cases: the -plane, -ellip, -xpolar, and -xyz surfaces. You
have already |earned about €llipsoids; planes are discussed in the next section. The other two sur-
faces deal with periodic boundary conditions and are discussed in section 7.5. GridPro also
allowsyou to create a generalized, non-built in implicit surface, named -implic. Thisrarely used
surface plays asmall part in the AZ Graphic Manager, and is discussed in the TIL manual.

Explicit surfaces are defined by parameters. GridPro contains four explicit surface types:
the -linear, -quad, -tria, and -tube surface types. Explicit -linear surfaces are single patch bilinear
parametric surfaces, or surfaces composed of multiple patches of bilinear parametric surfaces. A
-quad surface is composed of unstructured quadrilateral elements (-tria surfaces are defined simi-
larly). A -tube surface is a surface of revolution about a cartesian curve. This surfacetypeis
often used for internal surfaces. Chapter 8 describes -tria and -quad surfaces; the TIL manual
describes -linear and -tube surfaces.

7.2 Planes

Planes represent one of the most simplest surfaces. You should learn well the operations
associated with planes because of their central role they play in defining regions to be gridded.
Keeping track of and careful positioning of planesis essential.

Planes can be defined either by an equation, or by a center point and anormal vector. The
general equation for aplaneisax+ by + cz- d= 0. Planesareinputted in the TIL code according
to this equation. However, you need input only a plane’s center and normal vector inthe AZ
Graphic Manager.

We will best learn about planes through an example problem.

EXAMPLE PROBLEM #10
Grid theregion inside a rectangular box 7 unitslong, 4 unitswide, and 3 units high.
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Figure7.1 We first restart GridPro in order to obtain the
'|' default settings. Then, we have to create surfaces and a
3

| B topology to grid the box. Because arectangular box has
I l six faces, we can define the region to be bounded by six
L +—+ R planes. Therefore, we have to input six surfaces (six
/ BT / Y 7z planes). Tosimplify our task, we should center the box
/E T 7 around the origin. Figure 7.1 organizesour region. Each
/ / x letter in the figure represents a face (front, back, left,
I 4 | right, top, and bottom). The wireframe we will construct
only need be asingle block.
In order to input a plane, select the “load -plane” Fiqure7.2
operation from the “surf” menu. The box showninfigure e wa & iaans Ganaes
7.2 appears on the screen. Notice that this property box is ture ¢ _—plena |
different for planes than for elipses. In fact, each type of t cut-p para
surface has a unigue property box. :_:, lfh': : :

anr Lol H + mide |

Let usfirst createthe“L” plane, part of which will e
represent the “L” faceon our prism. A planecan bedefined = aeretcn -
by its normal vector and a point, and is of course infinitely = tete=1
long. Likethe cut plane, surface planes are represented by tranaforsation sy
rectangles. The center of thisrectangle is the point that :“"“’_ » m
helps definethe plane. With the center of the prismbeingat . ... .. E: —
theorigin, the center of theleft faceisat the coordinates (-2, wepree = s
0, 0). Thus, weinput (-2, 0, 0) in the “center” box. Of trensl 23 b g o
course, we could input any other point on the plane. Then, @ sressrtus  dSefeuls |
although the grid will not be changed, the visual representa-
tion of the planewill. The normal of a plane helps define
the size of the plane's rectangl e representation and the
plane’'s orientation. The larger the magnitude of the normal vector, the larger the rectangle will
appear. Becausewe want all planesto be visually represented equally in this problem, we will set
the magnitude of the normal equal to one for each plane. Because this plane represents the left
face, and we want to grid inside the prism, the normal must point in the positive x direction; we
input in the “normal” box the coordinates (1, 0, 0).

= =T =

a1 | whk |

plane property box

Now, we must set the surface orientation. However, because we already defined the direc-
tion of the normal vector (and thus where we want to grid), we leave the default setting of “+side”
in the “orient” box. If we changed the orientation to “ -side,” we would reverse the direction of
our normal vector. Ignoring the other options for now, we press[ok]. A rectangle should appear
on the drawing area in the specified position. To see the rectangle better, we hide the cut plane
and rotate the drawing area.
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Now, we will repeat the procedure for five other planes, altering only their “center” posi-
tions and normal coordinates. Figure 7.3 illustrates what we input for the other five planes.

Figure7.3
R B E
b 45 Gan' change! et 4= B idan "t change) varf 14 ﬁ:m*tml
twe  ©_plane | tpe 2 _-plane | e ! -plane |
El MIE gut 'ﬂll'E Eﬂ =t l.'.l.rt]ﬂ
center : [24 ¢ center 2 o ¢ -0 center ¢ 0o 3.9
el !l L T | I T
arbent @ # mide orlent 1+ side | orient ! & side |
BT I
surf 443 Te Gdan't changet """lﬂ’[puun'td..p:
type  * _plane | type = _-plane |
get culp pary gt cetp perel
certer = (g 1.9 9 eanter 3 g 1§
varsal o qe _ mrmal 2 a1 |
erient & side orient 3+ mide |
Fiqure7.4 Now, al of our surfaces are implemented; we

can construct the topological wireframe. We first
depress the [cut] button to see the cut plane, then press
[hand] to make the cut plane handles appear. Because
the cut plane's normal is aong the z-axis by default,
we will construct the wireframe just through transla-
tion of the cut plane on this axis. By dragging the
appropriate cut plane axis, we move the cut plane just
outside the front prism face. We also press [pos] to
i - remove screen clutter. Our drawing area should now
look like that of figure 7.4.

surfaces used to grid a rectangular prism
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The wireframe we are constructing is composed of just
asingle block. We create four corners on the cut plane near
the handles, then translate the cut plane again to a point right
behind the back face. Instead of creating four more corners
and linking them to the original corners, we can group the
original cornersand use the“+drop back edges’ operation. To
do so, we depress the group [1] button, then the [+] button
(located under the [2] operation), and draw a purple box
around the original four corners. We then pressthe [cp] but-
ton in the beige “ TOPO” box, and select “+drop back edges’
from the corresponding menu. Figure 7.5 displays the com-
pleted wireframe, with corners numbered for reference.

Fiqure 7.6 Our next task isto assign corners to sur-
suface  comers  faces. Because four corners will be assigned to
F 1934 €&hsurface weusethe[+] button (nearthe[S]
button) each time to be more efficient. Figure
B 5678 7e6displaysalist of the surfacesand the corners
L  145g towhichweassignthem.

R 2367 Finally, activate Ggrid by selecting the

T 3456 Ggridstart” operation under the “TOPO”
menu. Figure 7.7 displays the completed grid.

BT 1278 EXAMPLE PROBLEM #10 COMPLETED.

completed grid

For easy positioning, GridPro allows you to trandate and rotate surface planes using two
transformation systems. In the surface properties box, the “transformation sys’ operation opens a
submenu containing the “rotate+trandate” and “rotate about an axis’ modes. The default modeis

the “rotate about an axis’ mode.
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Fiqure 7.8 The default mode allows you to scale, trans-
s late, rotate,_ and tranglate agal n a plane’s rectangle
representation, as shown in figure 7.8. By enter-
1 ing a number other than 1 in the “scale” box, you
[retation sbout an axia can enlarge or shrink the rectangle accordingly.
"""""""""""" Then, you can trand ate the rectangle by a certain
¢ number of units along each XY Z axis by entering
coordinatesin the “trand 1" box. After thistrans-

scale i scaler ) . :
lation, the rectangle will undergo arotation. You
transl 12 iy g ¢ first translation  specify the axis of rotation in the “rot axis’ box,
— o1 and the number of degreesto which the planeis
}rot ation rotated in the “degree” box. Then, after the rota-
degree : b tion, therectangle can undergo another trand ation.
The coordinates in the “trand 2" box specify this
transl 2: 0o -— secondtrandation  second trand ation.
The “rotatettrandate’” mode alows you to Figure7.9
position a surface plane with a transformation "
i i i i transformation sys
matrix. Seefigure7.9. The equation governing
the transformation isillustrated in figure 7.10. 1

Thethreeoperationsinthe property box [, -
not mentioned are common to all surfaces, not just 1 column
planes. Located above the “transformation sys’ Wiz, %)= 100
button isthe “label” box. Similar to labeling wire-
frame edges, labeling surfacesinvolvesnothing ~ M&9-*3= 16 1 0 0 = second row of matrix
more than inserting a name in the “label” box. Mz, %)=
Remember, you can label every type of surface,
not just a plane. Remember, in order to see a
label, depress the [Ib] button in the green, “SHOW” box.

) = first row of matrix

g1 1 —third row of matrix

7.3 Scaling
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Figure 7.10 Abovethe “label” box are two important boxes

] central to boundary conditions. These two boxes, the
X' Mxx Mxy Mxz Tx )\; “norm-spc” and “stretch” boxes, allow you to specify the
= quality of agrid near asurface. Depending on your

Y Myx Myy Myz Ty Z| choiceof obtaining an Euler grid or aNavier-Stokes grid,

Z Mzx Mzy Mzz Tz 1| you will want to refine the boundary conditions for one
equation with translation+rotation metrix or more surfaces. This refinement involves two compo-
XYZ - original position nents: the number of grid points and the rate at which the

X"Y'Z' - new position spacing between these grid points increases. Recall that

setting the density also definesthe number of grid points.
However, density deals with the number of grid points on a global scale. The “norm-spc” box,
short for normal spacing, deals with the number of grid points on alocal scale (specifically, near
boundary surfaces). The density constraints and the normal spacing constraintswork in sync with
one another. GridPro allows for this conjointment because of the cells created by the density con-
straint, only the one containing the boundary in question will be affected by normal spacing. Of
course, al other cellswill remain unchanged. Specifically, the number you insert in the “norm-
spc” box is the length of the cell edge measured between a boundary grid point and the next clos-
est “off-wall” grid point. The ratio between this length and the cell edge length measured
between the off-wall grid point and the next off-wall grid point is the number you input in the
“stretch” box. This number becomes the ratio for a geometric progression of cell edges, which
propagates outward from the boundary surface along off-wall grid points. Typically, the value of

normal spacingislessthan 102 of the length of the boundary. Also, the “stretching” value usu-
aly liesbetween 1.1 and 1.5. Seefigure 7.11.

Figure7.11

surface o
rid points

00605 \7—/
006655
0.0073205_ 0.006655_ 0.00605 _ 0.0055 _ 0073205

= = = =11
0.006655  0.00605  0.0055 0.005

normal spacing = .005
stretch = 1.1

If you choose, you do not need to input numbers into the “norm-spc” and “ stretch” boxes.
Gridpro will, by default, set the “norm-spc” valueto
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7.4 Cylinders

Like a plane and ellipsoid, a cylinder represents a commonly used surface in GridPro.
GridPro interprets cylinders as ellipsoids with one infinitely long axis. To create a cylinder, sim-
ply accessthe “load -€llip” operation in the “surf” menu, and give one axisavery “long” length.
Toinput a“large” number, for example 10°, type “1€9.” In genera, GridPro’s shorthand scien-
tific notation for the expression (A x 10B) is (AeB), where B is an integer. Remember, cylinders
areinfinite; what you see on the drawing areais a representation of the cylinder, just as the cut
plane rectangle is arepresentation of the cut plane. Also recall that you vary the size, but not pro-
portions, of arepresentational cylindrical piece by changing the number in the “scale” box from
its default value of 1. Figure 7.12 provides some examples.

Figure7.12
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7.5 Symmetric Surfaces

Some geometries are translationally symmetric or rotationally symmetric. Rather than
computing the whole grid about such an object at once, GridPro can grid a*“section” of the object,
then duplicate that section to construct easily the grid about the whole object. This process saves
you time and effort, and allows you to construct topology for only afraction of the region you
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want gridded. Gridding a symmetric object can be done in the Graphic Manager. However, in
order to duplicate your grid “section,” you must use the “trf” utility.

The required “section” of Figure7.13

symmetric objects are created with
pseudo-surfaces, called “-xpolar” and
“-xyz.” The*-xpolar” surfaceisused

for rotationally symmetric geometries Xyz
and the “-xyz” surfaceis used for surface
translationally symmetric geome-

tries. These surfaces comprise noth-

ing more than the periodic borders of

the object. Seefigure7.13. These u/ surface

surfaces do not have a physical repre-

sentation until you input the geome-

try. However, you can still input these periodic surfaces before the geometry; you specify only
the surface’s period, normal spacing, stretch, and label. You can specify any period for “-xyz”
surfaces. The“xyz” period number corresponds to alength, and will relate to the length of the
“section.” For “-xpolar” surfaces, you specify aperiod in degrees. This degree measure must be
afactor of 360. In order to produce the figures on the right side of figure 7.13, you input the peri-
odsgivenin figure 7.14.

Fiqure7.14 I'n addition to specifying Figure7.15

a period, you must specify the periodic

axis about which you wish to NG
make a*“-xpolar” object peri-

o] qct;?ggr ‘(‘)dIC. H?wever, no part of the f — '

-xpolar” surface shouldlieon

¢ the periodic axis. The x-axis
period: 2 period: 90 serves as the default periodic

axis. However, you can change this axis by setting the
translation and rotation properties in the “-xpolar” surface property menu, similar to what figure
7.8 displays. Figure 7.15 displays an example of how an “-xpolar” surface should be aligned.
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Fiqure7.16 Unlike other surfaces you have seen up to now,
you cannot see periodic surfaces as soon as you
input them. Instead, for “-xpolar” surfaces, GridPro

periodic automatically displays arepresentation of the peri-
axis odic axis. Thisrepresentation isatorus. The axis
extending through the torus' center holeis the peri-
odic axis. Keep in mind that the torus serves solely
asavisua aid, and in no way represents the physical
— properties of asurface. You can scale the torus to
forus any size. No representative surface exists for “-xyz
surfaces;” they are completely invisible.

Similar to any other surface, you must assign cornersto the “-xpolar” and “-xyz” surfaces.
Unlike other surfaces, you have to use the [p-bc] (periodic boundary condition) button in the
brown “TOPQO” box when assigning cornersto periodic surfaces. Usually, inputting your peri-
odic surface isthefirst step in creating a grid; assigning corners to this surface isthe last step.
Just as the periodic surface is on the periodic border of an object, the corners assigned to the peri-
odic surface are on the periodic border of the wireframe.

After pressing the [p-bc] button, the pop-up Fiqure 7.17
surface id#

window in figure 7.17 appears. The contents of the
box describe the current surface. The current surface
infigure7.17 isan “-xyz” surface. Itsperiodis4 and

wirface B "oy

surface identification number is 2. When the pop-up |p-—be|—— pariod = g
window is activated, you assign corners by merely 2 TS 1ok fat corner)
moving the cursor to the corners and clicking the | eft close|  apply

mouse button. However, you must assign cornersin

pairs. These pairsof corners should be roughly symmetrical about the periodic axis. That is, one
corner should reflect on its twin about this axis. After you click on both cornersin the pair, you
must press the apply button. If you mistakenly click on the wrong corner in a pair, click on the
corner again to deactivate it. Figure 7.18 illustrates the process. Remember that periodic corner
assignments are always on the periodic border of the wireframe.
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Figure7.18
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7.6 A Rotationally Symmetric Turbine - an Example

You will better understand the procedure of producing grids on periodic surfaces through
apractical example problem.

EXAMPLE PROBLEM #11
Grid arotationally symmetric turbine containing 12 curved blades.

First, we must be absolutely sure of the region we wish to grid. If we are not, then we can-
not properly place the periodic axis, and Ggrid will distort our desired grid. Because we are deal-
ing with arotationally symmetric grid, we access the “load -xpolar” operation under the “ surf”
menu. In order to produce 12 blades, we will need to create arepresentative “section” which can
be rotated 360/12 = 30 degrees. So, we enter the number 30 in the “period” box. Now, we should
define our periodic axis. For the sake of simplicity, we use the default setting (the x-axis) and
press [0K].

Remember, we cannot see the -xpolar surface yet because we have not defined our geom-

etry. However, we should see the torus encircling our periodic axis. Aswe build the topology,
thistorus will serve as areminder asto where the periodic axislies.
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Figure7.19 Figure7.19illus- Figure7.20
blade trates how our cross-sec-  cylinder plane

tional “section” should
look. Remember, by grid-
ding only theregionin
figure 7.19, we can obtain
the grid of the whole tur- "
regiontobe bine. The turbine has 12 oylinder ewed

gridded blades, not one. By ana- cylinder plane

lyzing the figure, we real-

ize that, aside from our -xpolar surface, we have to input 5 surfaces. Two of these surfaces are
planes and three are cylinders. Figure 7.20 illustrates the surface each geometry represents.
When we actually input the surfaces, the torus will also be present.

Figure7.21 Now we have to input the surfaces correctly so
periodic axis points out of page torus that they are in correct relation to one another and the

periodic axis. Remember, the periodic axis should not
cut through any part of the periodic surface. Infigures
7.19 and 7.20, the invisible planes connecting the two
cylinderswill compose the -xpolar surface. Therefore,
the periodic axis must cut through the center of the
planes, perpendicular to the long dimension of the
blade. Infigure 7.21, the front plane is hidden and the
-Xpolar representative torusis exposed. Inthefigure,
the periodic axis points out of and into the page.

(
\

Aswe position our figures, we must keep in mind that the periodic axisis the x-axis.

Also, we should remember that the torus only represents the more abstract “-xpolar” surface, and
that the planes and cylinders are infinite. Because we want the periodic axis to cut through the
center of the two planes, we let these centers be offset from the origin by, say, 1.5 unitsin the x
direction. Theinner and outer cylinders (or the hub and shroud) for our grid are infinitely long in
the x direction. Let us define the outer cylinder to be 3/2 times as far from the origin asthe inner
cylinder. The curved blade isaskewed cylinder that isinfinitein they direction. To add perspec-
tive to our drawing area, we resize some of the surfaces. We shrink the torus, stretch the blade,
and slightly elongate the hub. The properties of the surfaces areillustrated in figure 7.22.
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Figure 7.22
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Notice the orientation of the surfaces and the normals of the planesin figure 7.22.
Because we are gridding the region outside of the hub and inside of the shroud, we define the ori-
entation of the hub to be positive and the shroud to be negative. Also, because we are gridding
around the blade, the blade’s orientation is positive. To account for the grid in the region between
the two planes, we could define the normal vector for each plane differently, or we could define
the same normal vector for each plane with opposing orientations. We chose the former option
for smplicity.

After inputting our surfaces, we
are now ready to sketch our wire-
frame. Wireframes are normally sup-
posed to “flow” with the region to be
gridded. However, GridPro automati-
cally curves an -xpolar surface so that
the grid issymmetrical with respect to
the surface’s period. Therefore,
instead of having to curve our wireframe to fit the contours of the desired region, we can just con-
struct arectilinear wireframe border. In fact, a single block wireframe would be sufficient if not
for the presence of the blade. The blade forces usto wrap inward our block, so that we can assign
the wrapped cornersto the blade. In addition, we need another wireframe rectangle in between
our inner wrap and the outer boundary. If we attempted to grid the wireframe in figure 7.23, grid
lines would ripple out from the blade and form singularities at the periodic boundaries. However,
we greatly improve our grid quality by constructing the wireframe in figure 7.24.

Figure 7.23

Figure7.24

incorrect topology

correct topology

107



Fiqure7.25 Now, we can create the wire- Fiqure7.26
frame. First, we will create the

outer face of our block. We posi- ) _-_
tion the cut plane so that it cuts
through a small portion of the
shroud, asinfigure 7.25. Thenwe
create four corners such that each
corner isroughly aligned with a

cut plane. We connect the corners \ /
corners

cut plane with edges, asin figure 7.26.

Fiqure7.27 By leaving the cut plane Fiqure7.28
insert 1N the same position, we can
- / ) / create the middle layer and - |
1 inner wrap for the outer face
of our wireframe. To best
construct the middle wrap, we 1

; use the [i:a] button. We press
) this button, and select “all
insert” inthemenu. Then, we '-
hold down the keyboard <I> inner wrap
key, and click the four positions specified in figure 7.27; our middle
layer is complete. Now, we must create an inner wrap. Because we want the wrap to take place
on a plane, our wrap is defined as a one-dimensional wrap. Therefore, we must exclude the face
of the string of edges we are wrapping. To do so, we hold down the keyboard <F> key and click
on opposite vertices of the middle layer rectangle. A dashed red line should appear between these
corners. We place the middle layer in agroup, press the [wrp] button, and select “50% smaller.”
If welook at the blade in relation to the wrap, the wrap seems a little too small; we enlarge it
dightly by dragging the each of the four innermost corners alittle outward. The shroud is hidden
in figure 7.28 so that we could see the result of the wrap.

s

/7

insert

Eiqure7.29 Now, we must duplicate Figure7.30
R the wireframe on the “back
;’f face”, and link the corners of

the two faces. To do so, we
I_ first rotate the drawing area so
we can see the cut plane edge
on, and move the cut plane
: - dightly inward, to a point
! ! amost tangent to the hub. See

cutplene b Plade figure 7.29. We place the
wireframe in a group, push the [cp] button and select “+drop

torus  hub
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back edges.” Figure 7.30illustrates theresult. Our wireframeis now complete. Note that figures
7.29 and 7.30 hide most of the surfacesin order to improve visualization and to decrease screen
clutter.

Figure7.31 To complete our topology, we
should now assign corners to sur-
faces. For convenience, we number
the corners, asin figure 7.31. The
dashed line across the front face sig-
nifies that the face is excluded,
remember, we needed to exclude
that face in order to obtain aone
dimensional wrap. Figure 7.32
reveals which corners should be
assigned to which surfaces. Let us
first assign cornersto all surfaces
except the -xpolar surface. We
expedite our surface assignments by
using the [snap] button in conjunc-
tion with the appropriate [+] button.
For example, by snapping the wire-
frame so that the blade is pointing
out of the page, we can assign corners 1,2,5,6,9,10,13, and 14 with only one purple box. When
assigning corners, we best remember which surfaceis current.

After completing the assign- Figure 7.32
ments specified in figure 7.32, we can urface Corner numbers
assign corners to the -xpolar surface. hub  1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,32,33,36,37,40

Because the torus represents an -Xpolar — gyoud  2:36,7,10,11,14,15,18,19,22,23,26,27,30,31,34,35,38,39
surface, the -xpolar surface is current

when the color of thetorusisseablue, ~ Plae 12569101314

So, wetoggle the current surfaces until  piane  19,20,23.24,27,28,31,32

the torus becomes sea blue. Now,
remember that we must use the [p-bc]
button, and not the [S.] or [+] buttons, to assign corners. Also, remember that we assign corners
inpairs. These pairs arereflective. That is, one corner will map onto its partner when reflected
about the periodic axis. Ggrid will perform this map - we must identify which corners areto be
mapped.

blade  33,34,35,36,37,38,39,40
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We do not need to pair al corners, only those on the periodic surface. These
After assigning all pairs, our topology is complete. We initiate the Ggrid pro-
cess, switch to the “ Grid Viewer” mode, and press [shell] in order to see our grid.

cornersinclude the 8 topmost and 8 bottommost cornersin figure 7.31. Figure 7.33
Figure 7.34 displays three different views of our grid. Inthe snapped view, noticethe
periodic surfaces, and visualize how 12 such surfaces could combine and form aturbine with 12

blades. Asmentioned before, we must use the “trf” utility and in order to complete our grid from

Note that [shell] does not produce a grid outline on the faces of the periodic surfaces.
our finished grid section. EXAMPLE PROBLEM #11 COMPLETED

displays the pairs. Recall that in order to assign one pair of cornersto a periodic sur-

face, we open the [p-bc] box, click on both corners, and press apply.

corner
pairs
1-13
2-14
3-15
4-16
17-29
18-30
19-31
20-32

Figure 7.33
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(.7 TIL Macros

GridPro recognizes the usefulness and heavy use of cylinders, Fiqure7.35
planes and ellipsoids in many applications. Therefore, the program
allowsyou to input these regions as surfaces and/or topol ogies without
making you toil through the mathematics by using macros. To use a
macro, select “TIL read MACRO” in the “topo” menu (on the top
menubar). The box shown in figure 7.35 will appear.

Thefirst three buttons in the macro box open up submenus; the
first two represent default settings. The [box] submenu allows you to
choose the surface and/or topology you want created. Each region has
its own macro box, as shown in figure 7.36. The [topo only] submenu
provides you with the option of letting GridPro produce the surface, cancal] _on | epely |
topology, or both of aregion. Keep in mind that atopology includes a
wireframe and surface assignments. Seefigure 7.37. The[resize] submenu allows you to resize
and/or fit your surface and/or topology.

Figure 7.36
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Figure 7.37 Each macro box Figure7.38
ERIK alows you to specify =
properties of the sur-

face and/or topol ogy

topo enlyl—wirerameonly  being created. The —

lrw: "I

1
I
I
i
1
El_\~ e —— —
topotsurf| surfaces only e iE
P Ny you to create automatl- S E
. - = =

alth 1 warl

surt only: [box] selection allows
wireframe, surfaces, cally athree-dimen-
and assignments siona region bounded sl | wals
by 6 planes. The box 2d” selection allowsyoutocre- .

ate automatically a two-dimensional region bounded
by 4 planes (you must be working on the plane z = 0).
You can set the dimensions of theseregionsby chang-  «wse: 53

ing the numbersin the “x range,” “y range,” and “z e F2
range” boxesfrom the default settingsof -1 or 1. After = ™% #5= ... R
you set your properties, you must press [apply]. Fig- au | —
ure 7.38 provides two examples.

s

EXERCI SE #18
Redo example problem #10; however, now use the “box” macro.

Fiqure 7.39 The“cylinder” box allows you to cre-
e ¢ Gyl ate_automatical ly acyli r_lder w_ith a center,
— radius, length, and rotation axis that you
dh i beetoeri] F | provide. Unlike the surface cylinders you
reatrs] R !"— create by extending one axis of an ellipsoid,
el TT '_ | this cylindrical region is not infinite. Two
A ol Iiﬂi - planes will automatically be positioned so
N Sy i asto bound atruly cylindrical region. The
e | .Y %/ position of these planes depend upon the
i — length of the cylinder. If you choose to cre-
clee | el .' B ate asurface out of this cylindrical region,

the drawing area’s representation of the cyl-
inder isafraction of that true length of the
cylinder. This reduced representation
allows you to observe and better manipulate around the intersections of the planes and cylinder.
Seefigure 7.39. Notice in the figure that the [topo+surf] operation is chosen, and that the appro-
priate corners are assigned to the current surface.

current surface

EXERCI SE #19
Grid the region bounded by a cylinder containing a unit cube. Use macros.
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The “ellipsoid” box enables you to create an ellipsoidal region of any shape with any cen-
ter, and the “ellipse 2d” box enables you to create an elliptical region of any shape with any cen-
ter. To change the shape of the élipsoid, change the numbersinthe “axis 1,” “axis 2,” and “axis
3" boxes. These numbered axes represent the semi-u, semi-v, and semi-w axes of the ellipsoid.

The“User TIL” box lets you modify an already existing TIL file. After you typein the
name of thefileinthe“TIL file” box, you can choose atransformation system in the “transforma-
tion sys’ submenu, and input transformation properties (as discussed in section 7.1). If you can-
not remember the name of the TIL file you wish to transform, pressthe “TIL file” button to
browse the directories. Note that the“User TIL” box deals only with wireframes, not surfaces.

The TIL macros are available solely to maximize your efficient use of GridPro. Asyou
saw with exercises #18 and #19, you can save much time and effort by using macros. To com-
plete exercise #18 without using a macro, you would need to load 6 planes separately, coordinate
their orientations, and visualize their XY Z positions. With amacro, GridPro performs these tasks
with the click of one button.

7.8 Surface Management

When you must deal with numerous surfaces, you will only want some displayed on the
screen at the sametime. You already know that you can hide the current surface, or al surfaces.
But what if you just want to see the current surface, and no others? Do you haveto toggle
through every surface and hide it? GridPro answers this question by allowing you to flag surfaces.

The green, “SURF ALL” box, the Figure 7.40
lowest box in the “panel=T" panel, allows  fiagging and de-flagging operations no flagging effect

you to flag or de-flag surfaces. A flagged

surface will be displayed whether or notit a0 SHOW:
iscurrent. A de-flagged surface will bedis-  surh o »  SURF ML= ool ofF) 7 ort|
played only whenitiscurrent. Pressingthe @413 TOPOS vec [xEa oth [pos
[on] button in the “SURF ALL” box will GRID[bIK she ort]
flag all surfaces. Pressing the [off] button

will de-flag al surfaces. Pressing the [~] button will reverse the flag classification of each sur-
face. Also, locally hiding just the current surface (pressing the [surf] button in the green, “ CUR-
RENT” box) will de-flagit. However, globally hiding all surfaces (pressing the [SURF] button in
the green, “SHOW” box) does not de-flag them.

If you input more than five surfaces, toggling among them can become tedious. To make
asurface current without toggling, merely hold down the <S> key and click on this surface.
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Chapter 8 - Surface Prepar ation

8.1 Overview

Before gridding a region, you must often read in several surfaces. Because GridPro hasa
specific definition of asurface, you have to modify aread-in surface to adapt it for use on
GridPro. Gridpro contains featuresin the form of CAD functionalities that allow you to perform
this modification.

GridPro can read surfaces from roughly eight dif- Eiqure8.1
ferent formats. These conversions deal with a GridPro util- Fessssyfitme e halp
ity, and are described in the TIL manual. The Graphic Lot ushise et e
Manager contains operations allowing you to manipulate =it =t e T 1 pte |

Proparty Satisr
SHOH: swia| cue] 1 1k
W e

T04*1)] swnec| wbin| wbh pos|
GELD hik| shei ort]
TRIT P jroma] st resers]
haned] clip) nide FL1)
UH-REDD: nryere] 4.58]
Lipes o] mi  ¥Mdw o m]
shodgrp raz|

these surfaces into GridPro-read surfaces. You can find
most of these operationsin the “Mini CAD” panel,
accessed through the “panel=T" menu in the top menubar.
The “Topology Builder” mode includes a couple other
CAD functionality operations. Note that, by default, the
“Panel=S" (Mini CAD) mode displays only surfaces with
hidden line remove. Most of the time you spend in the
“Mini CAD” panel will focus on clicking on surface nodes. asrgel £111] we mods]
When your cursor approaches a node, the danted arrow o der]| Fasturas] xf
should transform into a straight arrow. Only when the cursor is a straight arrow do you know for
sure that the cursor ison anode. Figure 8.1 displays the switchable operations appearing under
the “ panel=S" menu.

pathe| - 9 x| Sagment,
B 9 0 el i

Fiqure8.2 You can Eiqure8.3
manipulate only -
tria or -quad like
surfacesin the
“Mini CAD” panel.
A -triasurfaceisa
surface with three cells extruding from each
node except border nodes. A -quad surfaceis
a surface with four cells extruding from each
node except border nodes. Figure 8.2 illus-
tratesa-triasurface, and figure 8.3 illustratesa
-quad surface.
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The extent of GridPro’s CAD functionality includes creating, deleting, and refining sur-
face parts or surfaces. GridPro allows you to split up surfaces, and fill the holes created. Also,
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GridPro couples surface manipulation with topology, allowing transformations between surface
nodes and corners.

8.2 Using Paths

Figure 8.4 Creating pathsis an essential
the dark lines represent paths tool in the surface manipulation pro-
. ‘\ - cess. A path iseither astraight line
\ J/% between any two adjacent surface
T \ nodes, or a straight or bent line com-
| \ posed of paths between any two
\ nodes. Paths appear as dark red lines.
/ﬁ Each endpoint of a path appears as a
\ white square. Figure 8.4 illustrates
surface node examples of paths. You can, and will

often need, to create several paths.

In order to create a path, you must use the [path+] operation. After depressing the button,
move the cursor to and click (with the left mouse button) on the two nodes that will act as end-
points for the path you wish to create. If the line connecting the two pointsis not along a surface
cell, GridPro will automatically create a*“zig-zag” path among the intervening cells. Notice that
once used, the [path+] button will remain depressed (and activated) until you re-click it. Thus,
after clicking two nodes, clicking a third will extend the path you just created. By repeatedly
clicking nodes while [path+] is depressed, you can create as long and precise a path as you wish.
Unlike inputting astring of topology edges among many corners, creating a string of paths (which
Isitself apath) requiresno double clicks. Therefore, if you wish to create two disconnected paths,
you must first create one path, undepress the [ path+] button, depress the [ path+] button, and cre-
ate the second path. If you avoid theitalicized steps, your paths would be connected.

The three operations to Figure8.5
the right of the [path+] button : '
manage paths. The [-] opera-
tion deletes an arbitrary part of
or whole path. To perform the
deletion, depress the [-] button,
and click on the two endpoints
of the path or part of path you
wish to delete. Notice that the
[-] button remains depressed
until you re-click it. Seefigure
8.5. The[<] operation actsasa
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partial one-step undo. The operation will delete the path you just created, but not re-create the
path or part of path you just deleted. The [x] button, when clicked, deletes all paths.

Figure 8.6
I ¥
| : =
\ o
orange
path 0>
1¢t leve of 2nd levd of 5th level of
significance; significance; significance;
“feature+” “featuret+” “feature+”
pressed once pressed twice pressed five

times

The opera-
tions in the bottom
blue bar of the
“Mini CAD” panel
help you visualize
your surface with
orange paths.
Orange paths are
not recognized by
GridPro asregular
paths, and cannot be

atered with the operations in the top blue bar of the Mini CAD
panel operations. Essentially, orange paths are visual aids.
Depressing the [border] button will place an orange path around the
entire border of your surface. Un-depressing the same button will
remove the orange path outline. The [feature+] operation illustrates
surface cell’slevels of significance. The angle between the normals of the two planes danting off
from asurface cell determine the cell’slevel of significance. The smaller the angle, the larger the
significance level. Every time you press [featuret], all cells with the next (lower) level of signif-
icance will be highlighted with orange paths. Additionally, a white message will appear at the
upper right portion of the drawing area. The angle given in the message is actually equal to the

angle between the planes subtracted from 180°. Seefigure 8.6. Notice in the figure that only one
cell hasthefirst and second level of significance. By pressing the [feature+] button enough times,
al cellswill be highlighted with orange paths. To delete the orange paths created by the [fea
ture+] operation, click the [x] button to the right of the [feature+]. Figure 8.7 displays a quick
summary of the operations presented in this section.
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8.3 Segmenting Surfaces

When working with a complex surface, you will often want to create separate topologies
for different parts of the surface. Or, you may not wish to grid the whole surface. In either case,
you should segment your surface, than perform any necessary patch-up work.

In order to break up your surface, simply create a path at the segmentation points and press
[segment] in the upper blue box. If your path does not completely cut the surface, the [ segment]
operation will fail. In other words, the endpoints of the path must intersect or lie on the border of
the surface (which you can check by depressing [border]). Also, if you create at |east two discon-
nected paths, the [segment] operation will fail. If [segment] fails, GridPro will say why in the
upper left portion of the drawing area. Figure 8.8 illustrates examples of segmented surfaces.

.
@ﬁb

Figure 8.8

surface / sur]ace .
/ //, / e
piece 7 piece

After successfully segmenting a surface, you will want to use ahost of other operations. If
[segment] succeeds, a message in the upper left of the drawing areawill read “surf has 2 pieces,”
and one such piece will become adifferent color (while one remains sea blue). You can continue
segmenting pieces as much asdesired. Like surfaces and sheets, pieces are either current or not
current. The current pieceisin seablue. You can hide the current piece by clicking on the [cur
pie] button in the single-row green box. To re-display the piece, re-click the [cur pie] button.
You can scroll through piecesto make one current by pressing the [<] and [>] buttons found to the
right of the [cur pi€e] button. Remember that you can scroll through hidden pieces. To savethe
current piece, click on the [save] button, located to the right of the scroll buttons. GridPro will
automatically save the current piece as a surface file; specificaly, *_surf.1’. Every new piece
saved will have the same filename, except for the number proceeding the dot. If you want to
rename the surface files, you should do so right after the fileis created. Often, segmenting sur-
faces necessitates using many paths; saving these paths will guide you when you revisit the sur-
face. The[sp] operation, found to the right of the [save] button, saves a path to the file name

117



‘ path.tmp’. Thisfilenameisgivento every path saved. Thus, if you wish to save more than one
path, rename the file right after it is created.

GridPro allowsyou to Figure8.10
merge segmented surfaces
(pieces), aswell asfill the
— holes created by segmenta-
° tion. GridPro fills holes
with -tria surfaces, even if
the surface containing the
holeisa-quad surface. To
fill aholein asurface or
piece, make it current, then
select [fill] inthe single-
row beige box. -Triasur-
faces will automatically fill the hole. Seefigure 8.9. Filled holes are not part of the surface until
you press “merge,” found to the left of the [fill] button. After pressing “merge,” the surfaceis
automatically saved. Aside from filling and merging, moving surface nodes help refine your sur-
face. To move any surface node, click on the [mv node] button, and drag the node, with the left
mouse button, to a new position. Asthe cursor approaches a node, the cursor will become a

straight arrow: n Figure 8.10 illustrates the effect of moving anode. Moving the nodesin a

filled hole may integrate it better with a surface. Figure 8.11 reviews the operations covered in
this section.

Figure8.11
scrolls through
current pieces merges a fillshole  alowsyou to
saves aarms  plaewinns  Merwe moves
i surface node
hides current current or piece filled hole or piece
i piece saves
piece
\ / path
cur pie| <| | save| sp Segment merge| F1l1] mv node
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8.4 Adding Surfaces

You have used most of the operationsin the “mini CAD” Fiqure8.12
panel; now you will learn about CAD related functions found else-
where. Often, you will want to procure an asymmetrical surface or
topology, one GridPro has not built into its database. GridPro allows
you to custom-make a surface based on atopology, and vice versa.
One such custom-made surface is shown in figure 8.12. More specif-
ically, GridPro can create a surface based on the form you ascribeto a
wireframe. Conversely, GridPro can also create awireframe based on
the form you ascribe to a surface. To perform these transformations,
you will use the “surf” and “topo” menus on the top menubar.

custom-made surface

Creating a surface from awireframe entails little more than setting up your wireframe cor-
rectly. Every corner will act asavertex of the surface, and every wireframe edge will act as a sur-
face edge. If the surface isto be two dimensional, the topology must be split up into quads. If the
surface is to be three dimensional, the topology must be split up into hexes. After you construct
the wireframe, you should placeitinagroup. Then, select the “TIL save grp as surf” operation in
the “topo” menu on the top menubar. Suppose you are creating a three-dimensional surface. A
small, white message in the upper-left corner of the drawing area should state, “group iswritten to
‘quad.tmp’ asaquad surface”. If you are creating atwo-dimensional surface, the white message
will read the same except that “ quad” isreplaced by “string.” Now, select “load file” in the “surf”
menu, select “quad.tmp,” and press [0K]. Your surface should appear on the screen. Of course,
when dealing in two dimensions, you must select the ‘string.tmp’ file. Figure 8.13 illustrates the
process. You should limit the number of corners converted to surface nodes to 10,000.

Figure8.13
creating a surface from awireframe

quad. tup
/
surf— load File 'JH
:.ll.ring t.lp/

When you need to create a surface intersection, you need not visualize its shape and use
the method described above. By using topology operations in the “ Topology Builder” panel, you
can create surfaces at intersections of other surfaces. As surfaces become increasingly complex,
you can utilize ssimilarly more complex operations that rely heavily on automation and little on
user input (saving you time). Although you will be working in the “ Topology Builder” panel,
some of the operations described in this section do not involve the cut plane. Although you
always must know the cut plane’s position in order to input a corner, this section describes some
operations which are exceptions to that rule. When you use these operations, GridPro enables the

topo— TIL save grp as surf

wireframeisin
active group
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position of the cursor relative to the viewscreen to override the position of the cursor on the cut
plane.

Just as you have been inputting corners on the cut plane, you can input corners directly on
surfaces. To do so, change the “corn=c” (corner on cut-p) mode on the top menubar to the
“corn=s’ (corner on Surf) mode. Now, by moving the cursor to any point on the current surface,
depressing the keyboard <C> button, and clicking the left mouse button, you create a corner on
that surface. Inputting cornersin such amanner allows you to create awireframe that fits well the
contours of the region to be gridded, or to input a corner in hard to reach surface junctions.

EXERCI SE #19
Redo exercise #14 in the “ corn=s" mode (do not use the cut plane).

Fiqure8.14 Often you will deal with multi- Fiqure8.15
ple surfaces. Sometimes, these sur-
faces overlap, and you will need to
create surfaces at theintersectionsto
optimize the grid quality there. To
create such a surface, you should
first create strings of corners that fit
the contours of your surface.
GridPro can automatically construct
these strings of corners. By pressing
the [i10] button in the brown,
“TOPO” box, then moving the cursor toward an intersection and clicking the left mouse button (in
the “corn=s" mode), you automatically create a string of corners (all connected by edges) “ hug-
ging” the intersection. Every corner in this string is automatically assigned to each of the inter-
secting surfaces. Also, there are no restrictions on the type of intersections you can contour with
corners. Figure 8.14 displayes asmaller, skewed cylinder intersecting alarger cylinder at a non-
orthogonal angle. Figure 8.15 shows atop view, and figure 8.16 illustrates the simple process of
creating corners at the intersection (the white square surface assignment indicators are not shown
for clarity).

side

Figure 8.16

TOPO:[ S.| +| -f x| p-be
B4 234567 8 8
60 2 1 54 ) ] ] &
12| den| mv| pan| 10] 1]

click
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After using the [i0] button to create a string of corners around an intersection, you can use
thistopology string to create a detailed contour of the intersecting surface. By pressing the [1]
button, found to the right of the [i0] button (not the group [1] button), you instruct GridPro to con-
struct a surface contour based just on the one string of topology. GridPro computes the best fit
contour for the intersection, often a cup-shaped intersection, and creates corners and links all
composing the contour. If you do not use the [1] operation right after the [i0] operation, make
sure whatever group containing the intersecting string is active before using the [1] operation.
Figure 8.17 displays the result of the operation.

Figqure8.17

3/4 top view

corner edge
Figure8.18 Now, you can make the contour into a
new surface top view surface. Following the process outlined in fig-

l ure 8.13 to transform any wireframe into a sur-
e — face, you come up with the desired surface
_ - intersection “cap” displayed in figure 8.18.
Typically, in the course of your work, you

will encounter surfaces that appear, wholly or partly, inside the region to be gridded. Aswe men-
tioned in the last chapter, these surfaces are called internal surfaces. Remember, the orientation of
internal surfaces must be double sided because the region on both sides of the internal surface will
be gridded. To activate this orientation for a surface, first bring up the properties menu for the
surface (make the surface current, and go to “reload current” in the “surf” menu). Then, select “2
sides” inthe*orient” box. Most surfaces created using the [1] operation are internal surfaces.

You could benefit from internal surfaces even if thereis no real internal surface in the
region you wish to grid. Depending on your topology, sometimes changing the density around a
sharp corner (or a hub, for example) does not affect the final grid. In these situations, the
increased density does produce more mesh lines. However, these mesh lines are mathematically
“shoved” to another part of the grid. To remedy this situation, place an internal surface in the sub-
region you would like refined. First, create awireframe about that subregion. Then, by you
assigning the appropriate cornersto the internal surface, those corners are forced to create mesh
lines about that surface (surface assignment overrides the mathematical “push” those corners are
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given). Now, you can change the density of the edges around the internal surface to the desired
value.

8.5 Refining Surfaces

You have aready learned to move surface nodes manually with the [mv node] operation;
another way to refine surfacesisto transform them into wireframes, edit the wireframes, and
transform the wireframes back into surfaces. Creating awireframe from a surfaceis similar to
creating a surface from awireframe. However, the surface must be a quad surface. To convert it
into awireframe, first make the surface current. Then, select the “save surf as TIL” operation in
the “surf” menu. A white message should appear on the upper |eft of the drawing area indicating
that the surface is saved to the ‘surf.tmp.fra’ file. Now, select the “TIL read” operation in the
“topo” menu. Click on*surf.tmp.fra and press[ok]. The wireframe should appear in the drawing
area. Figure 8.19 illustrates the process.

Eigure 8.19
creating awireframe from a surface

surf surf.tep.fra—— 0K

save surf as TIL topo TIL read

surfaceis
current

Note that if you wish to save more than one custom-made surface or topology, you must
change their file names right after they have been given the default name.
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Chapter 9 - Setting Grid Propertiesfor Solv-
ers

9.1 Overview

Before connecting grids to CFD solvers, you may want Figure9.1
to set properties on these grids. GridPro enablesyou to Set tWo  jusssase pisuimse st bl
dimensional and three dimensional properties. That is, you Can s s el w2 |
assign properties to each face of each grid block, and to the VOl- 5y s T i
ume of each grid block itself. You set propertiesin the “Prop- —=
erty Setter” (panel=P) panel. Figure 9.1 illustratesthe T o o
operations associated with the “Property Setter” panel. The —r——r—
default style in this mode is Hidden Line Removal. Also, note l::‘:dw_:l
that the two green boxes (“SET 2d pty” and “GRP”) deal with rrelarn re
faces (in 2-d) and that the two beige boxes (“SET 3d pty” and BET 3 iy 4] 5 <]
“GRP") deal with blocks (in 3-d). S EEErTE
SET 3 i ¢ ) o]
The “Property Setter” panel makes extensive use of %r_-:j:ﬂi:_al

skeletons for the purpose of efficient property assignment.

Recall that a skeleton of ablock is the lines connecting the indexed center of the block with the
centers of the block’s bounding edges (2-d) or faces (3-d). Each block skeleton isdrawn in its
own color, and represents the minimal amount of information required to show a broad represen-
tation of a multiblock grid.

Additionally, the “ Property Setter” panel contains operations similar to those in the “Grid
Viewer” panel. Asyou assign propertiesto blocks and faces, remember which components are
activated, and which are hidden. You should be cognizant of what each operations does aswell as
what each operation displays on the drawing area.

9.2 Two-Dimensional Properties

This section focuses on assigning propertiesto faces of blocks. Remember, a property can
be assigned to each face of each block, even if the faces intersect. Before learning how to assign
surface properties, focus on the GRP green box, the one displayed in figure 9.2 and 9.3. This
block contains all operations relevant to the activation and display of the skeletons of faces. If the
center of aface skeleton is deactivated, it will be hidden. Conversely, an activated face skeleton
center will cause the face to be displayed.
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Figure 9.3

If you have read
DISPLAY MECHANISMS

through and remember

Figure 9.2
ACTIVATION METHODS

faceby face  purple box automatic  the | atter part of Chap- displays hidden displays un-hidden
activation  deactivation  activation face skeletons face skeletons
ter 4 and all of Chap-
ter 6, you do not need \ /
GRP: F.| +] - = all] ] to read the following r_;npf Hd= a1l

paragraph. The but-

N

purplebox  purple box auttomatic  tonsin the “GRP’
activation activation  activation and . displays all face displays un-hidden
deactivation green box describe skeletons face skeletons

operationsidentical to
thosein the “Grid Viewer” panel. Depressing the [F.] button will: i) display the skeletons of all
faces, ii) alow you to activate or deactivate one face by clicking (with the left mouse button) on
the center of the face's skeleton. Depressing the [+] button will: i) display the skeletons of all hid-
den faces, ii) allow you to activate many faces by dragging a purple box (with the right mouse
button) over the centers of these faces skeletons. Depressing the [-] button will: i) display the
skeletons of all displayed (un-hidden) faces, ii) alow you to deactivate many faces by dragging a
purple box (with the right mouse button) over the centers of these faces’ skeletons. Depressing
the[*] button will: i) display the skeletons of all displayed (un-hidden) faces, ii) allow you to
keep active only those faces whose skeleton centers you encompass in a purple box. Remember
that the[*] buttons are “intersection” buttons; this particular [*] button allowsyou keep active the
faces of whose skeleton centers are in the intersection of your purple box and the already active
faces. Pressing the [all] button will activate every face, and the [~] button will switch the current
activation status of each face. Of course, depressing one of the buttonsin this box will un-depress
all the others.

Fiqure9.4 After determining what faces are activated, you can assign grid
sELERDY | propertiesto them. First, you must choose a CFD solver format.
a9 selecting “pty=PDC"” from the top menubar will open a submenu

pty=CFX4 —»:‘f“"ft“; containing CFD formats. Aside from the CFX4, GASP, and FIDAP
PRESS formats, GridPro contains a default format, PDC (Program Develop-
TLET ment Corporation). Each format has unique properties. If you press

the [list] button in the “SET 2d pty” box, alist of these properties

will CFX4 format. Figure 9.4 provides an example of what properties under the [list] button are
associated with aformat. Appendix D describes how to incorporate user-defined formats.

Figure9.5

ASSIGNMENT METHODS

purple box

ggE— S
= un—assgnment

face by face
assignment

purple box
assignment

All operations in the green,
“SET 2d pty” box deal with prop-
erty assgnment. When you select
aproperty in the [list] button
menu, that property becomes cur-
rent. The three buttonsin the top
half of the box (the[.], [+], and [-]

Figure 9.6
DISPLAY MECHANISMS

T E displays all face skeletons
= without current property
displaysface

displaysall skeletonswith
face skeletons current property

buttons) assign or “un-assign” the current property to faces. Assigning or un-assigning the cur-
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rent property to aface involves the center of that face's skeleton. Assigning a property to a face
does not alter the shape of that face in any way. Depressing the [.] button will: i) display the skel-
etons of all faces ii) allow you to assign the current property to any one face by clicking (with the
left mouse button) on the center of the face’'s skeleton. By repeatedly clicking on the skeleton
center with the[.] button depressed, you toggle between assigning the face to the current property
and the previous one. Depressing the [+] button will: i) display the skeletons of all faceswhich do
not contain the current property ii) alow you to assign the current property to many faces by
dragging a purple box (with the right mouse button) over their skeletons' centers. Depressing the
[-] button will: i) display the skeletons of all faces which contain the current property ii) allow
you to un-assign the current property to many faces by dragging a purple box (with the right
mouse button) over their skeletons' centers. When one button is depressed, the others un-depress.
Figures 9.5 and 9.6 summarize how these operations function.

The other operationsin the “SET 2d pty” box deal with scrolling through current proper-
ties. When depressed, the button containing the name of the current property will display only the
faces that have the current property. When un-depressed, this button will hide the faces that con-
tain the current property. GridPro remembers whether or not the button is depressed for each
property when it becomes current. The [<] and [>] buttons will scroll though the current proper-
ties. For the faces you hid, the button containing the name of the property of those faces will
remain un-depressed as you scroll though it.

9.3 Three-Dimensional Properties

The process of assigning properties to blocks isidentical to that of assigning propertiesto
faces. Here, you must usethe“ SET 3d pty” and “GRP’ beige boxesjust asyou used the“ SET 2d
pty” and “GRP” green boxes. You assign propertiesto blocks by clicking on their skeletons cen-
ters, and hide and display blocks with the operations ([B.], [+], [-], [*], [all], and [~] buttons) in
the“GRP’ box. The property format you choose determines what 3-d properties are displayed
when you press the [list] button in the brown “SET 3d pty” box. A format’s 2-d properties and 3-
d properties are independent of one another.

9.4 Inserting Properties on Surfaces

Surfaces bound the region to be gridded. In fact, the block faces of grids exist in the same
space as the surface nodes which created those grids. Therefore, you need not wait to produce a
grid before assigning propertiesto it; you can assign properties to the surfaces. Then, whenagrid
Is produced, the properties you assigned to the surfaces will automatically be assigned to the cor-
responding parts of the grid. Because surfaces ultimately specify block faces, and not blocks, you
can only assign 2-d properties to surfaces.

125



To assign a property to a surface, first choose the format that contains this property.
Remember, you can choose formats from the “pty="menu on the top toolbar. Then, access the
surface property box (by either creating a new surface or reloading the current one). On the bot-
tom of this box, click on the button to the right of the “property” heading. A menu will appear
containing the 2-d properties of the format you chose. After selecting a property, press the [ok]
button to apply you assignment. Figure 9.7 outlines the process.

Figure9.7
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Appendix A - Menu Navigation
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Fixed Operations

N
e e
g
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Panel T (Topology Builder) Operations

J0POS.| +] - x| pbel
Al 1] 2] 374.5] 6] 7] 8| 9
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Panel G (Grid Viewer) Panel P (Prooe_rtv Set-
Oper ations ter) Operations

Panel S (Mini CAD)
Oper ations
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Appendix B - Summary of Operations

Top

surf menu

loads a new surface that duplicates
the current surface settings

|oads a surface from afile

loads a plane surface
loads a (super)ellipsoid surface
loads an implicit surface
loads an -xpolar periodic surface
loads an -xyz periodic surface
loads afloating surface —

reloads the current surface
saves current surface

(-quad type) as TIL code

deletes current surface

deletes al surfaces

s

topo menu

E

loads atopology file
loads atopology macro ———
saves atopology to atemporary file

saves thetopology in —— =

the system to afile .
saves the topology in the
saves the topology in the active active group to afile

group as asurfacefile

initiates Ggrid process
restarts Ggrid process using

previously saved data . .
automatically updates Ggrid pro-

cesswith new density input
terminates Ggrid process .

(not used)

deletestopology — o~
in the system

deletes all topologies
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grid menu

-—loadsagridfile
reloads the [blk.tmp] grid file ——

saves current gridto agrid file

saves all current grid blocks ——
saves all current sheets

printsthe drawing areaimage in color
prints the drawing area

image in black and white

dimension toggle

deletes current grid

mode allowing work in 2 dimensions

mode allowing work in 3 dimensions

corner toggle

T — mode allowing you to place corners on, or
| -
) | normal to, the cut plane
mode alowing you to place corners on
the current surface

read-in menu

mode allowing you to read-in a topol ogy mode allowi n? youto r‘?‘;df?l‘n activated
file one operation at atime (i.e. amovie of topology or grid file

how the topology is constructed) mode allowing you to read-in the grid file

=—— [blk.tmp] every time Ggrid completes 100
sweeps
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panel switcher

-—— mode containing topology operations

mode containing grid operations ——
pre-processing mode allowing you to

post-processing mode allowing you to manipulate surfaces

set grid properties

property menu

selects GridPro's own solver format

selects the CFX4 format
selects the GASP format
selects the FIDAP format
color changer
— attributes default colors to the AZ
| Graphic Manager

attributes inverted colorsto the AZ
Graphic Manager

activates ahelp “box” with detailed
information about the operation on

activates a reminder message about an which the cursor is pointing

operation on which the cursor has been ——
pointing for several seconds deactivates the help box or reminder

message
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Fixed Operations

establishes rotational system

e

alignes the world axes and the cut
plane axes with the screen axes

El'lﬂpl

establishes user-defined

ROTATE :ays
eye |MF1:| :

rotationaly center

21— establishesrotational center
ctr-—

alignes the nearest screen axis

world: XYyz=—— with aworld axis

Z
alignesthe nearest cut plane axiswith
y the corresponding screen axis
X
t-p: alignes the given world axis with the
CUEpn 2 corresponding screen axis

Z
%;i;;;>
X

WiXYyz—?sixyz

alignes the nearest cut plane axiswith
the corresponding screen axis

alignesthe given world axes
with the screen axes
according to the following
transformation

WiXYyz—rsiyzx
WiXyz->sizxy

establishes fixed rot.
center at origin

establishes fixed rot.
center at the center of

your model
fixed at orgin |

N

establishes fixed rot. fixed at model
center at the center of Fixed at surf
the current surface

fized at here

fixes rot. center at its /

er Follow cut-plane
current pOSItIOﬂ

follow wiew

establishesvariablerot.
center at the center of
the cut plane

establishesvariablerot.
center at the center of
the drawing area

rotate by eye system
rotate by world axis

rotate by cut-p axis

mode alowing you to rotate the
drawing area perpendicular to the
rotation axis

mode alowing you to rotate the
drawing area about the current
world axis

mode allowing you to
rotate the drawing area
about the current cut plane

axIs
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determines how surfaces are

determines how surfacesare
represented when they are moving

represented when still

shades surfaces

shades surfaces only near the cut plane

lines the front-most portion of surfaces

lines and shades the front-most portion of surffaces ——

lines all parts of all surfaces

represents surfaces as points

represents surfaces with 1/10 fewer points

i hides
hi d|$ cut hides corner surface
hides world and plane id numbers labels
rotation axes \\ \ /
-
~
~
-~
~
-~
N -7 hides all not
g surfaces used
| _ /
vec| x&a| e&h| pos| -
K ) not hides excluded . hi qu
| | | | s hides all used face symbols highlighted
- topology / errors
~ \ /
~
~
> hides
~ position
cubes
hidesall _—""
grids
. hides1JK
hides ll hides all axes of
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centers the cut

plane with the centers cut plane with
drawing area the cente.r of massof the
fits cut active group
planeto the
active group\
note
postitionsthe cut
plane with the
drawing area or positions the cut plane
groups on aworld axis or
predefined plane
postitions the cut plane
with coordinates

positions cut
planeon a
world axis

positions cut
provides the hides cut ) displays planeon a
cut plane planeaxes C“pt.SOff ? clipped off shades cartesian plane
normal vector and portiono portion of cut
the th ‘ plane
handles surface e surrace

- pulls back your

view of the
drawing area
i .’ undoes redoes retrieves .
Tt N - previous current previously f?ctor. by which the
A topological  topological recorded view is pulled back
action action viewpoint
illustrates retrieves
viewpoint next
changes as recorded
topology actions viewpoint
are scrolled
through
records
retrace topological current
actions by group viewpoint
operations or

individual operations
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TOPO:] . +| o x| pbel *
TFEEFECLEERS
121 21 5 ) o cpfurplz 1
o] donf mijponf0/1]

~

Panel T (Topology Builder) Operations

, deactivates
assignscorners surface
t? subrfacgs assignments
point by point with a purple
box
A : deactivates all
—————— assigns
\\ \\ aCCesses J t surface
. secondary cornersto ) St
\\ . topology surfaces assignments to
\ \ with a the current
! purple box surface
\
\\ allowsyou to
\ set periodic
\\ boundary
\ conditions
\
\
\\ surface on
addscornerstoa l Which_b_oundary
groupwitha ' 0P0: - conditions are
purple box | T—I il ﬂ J ﬂ be being set
‘ 1 4
| hidesor dims ,H I Bj |5l €171 8 9
| deactivated
“ groups and/or activates
\ the reference agroup a
scrolls among | group surface = lp “etwinnt\profiles
previousgroup ! surface's
. \ =
actions ! performs period in—= period lp
\

with apurple
box

keeps active already

activecornersonly if deactivates all group
apurpleboxisdravn  aeqgnments for the

around them

active group
. . duplicates
duplicates active active group
group on cut plane on cut plane
and drops back
edges

projects active group

on cut plane and drops\_

back edges

translate to cut—p|

\ group action degrees )
. ,/,/ ¢ orners: ll[pm {st cornar)

activates a group
containing corners EIEEII !Ellj
assigned to the

current surface

corner pairs
being assigned
to the periodic
surface

FEL mmallar
GOE mmaller
26X amaller
. . 1GE sames]l Lo
d”amonam 5% mmaller
magnitude of 2.5% smaller

wrap 1% samasllar
1Z lasrgsr
LBE larger
BE Lo pere

+drop back edges

10E largor
ZHE larger
GOE larger

+pancake to cut—p A, Mg
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sets insert
propertiesof
corners and
edges

projectsthe
active group

creates awireframe
contour from a
wireframestring at an
intersection

allows active eates awireframe

group to be string at the
transformed intersection of any
similarly to the two surfaces

cut plane

projects active
group to cut plane

projects active group to
the current surface

projects active group to one of its
least square fitted planes

projects active
group to
specified plane

edges to which the next

inserts linked
cornerson al

parallel edges

inserts linked cornerson
al parallel edgesin the
current group

inserts one corner
on an edge

three boxes refer
current density of the
specified edges
new density of the
specified edges
label of the
specified edges

not used

hides current
surface
current surface
'd number scrolls through
not used
current surfaces
I N IO Ay NN NN ©ENE®ENENDENNIDN®BEIEEE &Il EEEEEEEE NN SN EER

flagsall de-flags all
surfaces surfaces
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Panel G (Grid Viewer) Operations

deactivates many blocks
with a purple box

activates or deactivates activates many blocks keeps act_ive only
centers one by one and ; already active blocks
. ’ ’ with a purple box o .
displays all grid attributes within a purple box activatesall blocks

activates all inactive
= blocks and deactivates
TRIH E.|+ =| m| all | .
activates or deactivates faces or % al active blocks
. . - |
slices one by oneand displays SF.| 4| -] # alY J\ activates all inactive faces

al grid attributes 7 or slices and deactivates all
active blocks

activates all faces or dices

activates many faces or deactivates many faces or keeps active only already
sliceswith a purple box diceswith a purple box activefaces or diceswithin
apurple box

CUR: sheet «fstep »f \‘L s throuah ll <i
L scrolls throu ices

E”‘a jﬂF ﬂﬁi AN ofameetbyglteringl,J,

W!H@*!I A or K sheet values

hides sheetsof

| CUR: sheot «step ﬂ/ al grids

\ hides current grid |grid ﬂw ort||she
\
\\
\

\
|ahu -« j-i pick| del hides IJK axes for all
y ' activated blocks

scrollsthrough

: hides block
current grids

hides current outlines

grid sheet not used

deletes current

sheet
scrolls through

current sheets
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creates sheet from outermost faces of
outermost, activated blocks

e =l M creates sheets composed of

surf alll | edge|-——slicesdepending at the point on
an edge where you click

creates agrid about the
current hidden surface

scrolls through current creates agrid about all
hidden surfaces hidden surfaces

chooses sheet measures distance
coloration mode between two nodes

N

C:ishe aEanal

colors sheets by

faces or dlices \
Color by blk |

Color by sheet
Color by IJK

colors sheets
uniformly

colors sheets by
IJK orientation
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Panel S (Mini CAD) Operations

deletes pathsone deletesall
by one paths
segments current
Struct
iy pathe] 5 & ] Segment-———  surtaceinto

digoint pieces

one step undo for

creating paths
W I I NIl NN ENENEDENNENE®ENENEEEE N NN ®ENENE®E NN ®EEENENENEEE @ E NN EEEEEEEENR

saves
current
piece

hides

current cur pie| €| ¥ save| sp-—— savespath

piece

scrolls through
current pieces

merges two pieces moves a
into a surface surface node

mergel Fill| mv node|

fillsaholewitha
triangular pattern of
surface nodes

shows with orange paths
all features of the next
level of significance

places an orange path around deletesall orange paths

the surface border border| features| x- createdby the

[feature+] button
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Panel P (Property Setter) Operations

assigns or assigns current unassigns current
unassigns current property to many property to many
property one block blocks with a blocks with a
a atime purple box purple box

SET 3d pty : .| 4 - selects 3-d
| »| List] property to be
current

listsall 3-d propertiesin
hides all blocks with the selected format
this current property scrolls through the

current properties

GRP E.:.I+ -

activates all inactive

v
“"J _‘_'E:_l_l_l_‘_l_‘i blocks and deactivates

al active blocks

activates or deactivates

centers one by one and
displays all grid attributes
activates al blocks

keeps active only

activates many blocks deactivates many blocks already active blocks
with a purple box with a purple box within a purple box
HlEEEEEEENENEEEEEEEEEEEEEEEEEEEEEEEEE S E S S DI S S S S I I E N NN ER
assigns or assigns current unassigns current
unassigns current property to many property to many
property one face faceswith apurple faceswith apurple
at atime box box
\\\ #interblk
SET 2d pty * .|+ _rwall
®interblk| 4 | 1i.ut.| *periodi selects 2-d
symmetry property to be
hides all faceswith this listsall 3-d propertiesin ok =r5 current
current property the sel ected format userh
scrolls through the ol

current properties

GRP: F.

-_ -
a1l ,.]_‘\ activatesall inactive
blocks and deactivates

] ] all active blocks
activates or deactivates

centers one by one and

displays al grid attributes activates all blocks

keeps active only
activates many faces deactivates many blocks aready active blocks
with a purple box with a purple box within a purple box
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Keypad Operations

C - dlows you to input corners with the left mouse button

E - dlowsyou to create an edge
E -

allows you to remove aface by clicking diagona corners

L - dlowsyou to input a corner on an edge or many corners at once

Q - displays the coordinates of the cursor on the cut plane

R - alows you to remove corners and edges

S- alowsyou to assign a corner to the current surface

-pushes buttons
-selects menu items
I -inputs topologica objects

E T sdectscomers

-rotates drawing area
. -picks rotation axis
ﬁ> removes face exclusion indicators

Cursor Shapes

-selects cut plane handle
-makes a surface current

selects surface nodes

-selects topological edges
-selects grid edges




Appendix C - Guidelines for Building
GridPro Topology

Note: If your question is not answered here, see Appendix D - Frequently Asked Questions

. General Process

1). Load surfaces that |eaklessly bound the region to be gridded.

2). Create topology that is a coarse hex decomposition of the region with proper wrap structures.
3). Logically assign corners to intended surfaces.

4). Assign grid densities to edges.

5). Launch Ggrid process to debug and generate agrid.

6). View and 'gchk’ the grid.

I1. Surface Preparation and Usage

1). Smoothness: make sure surfaces are smooth. Other qualities such as element shape are less
important.

2). Details: use enough elements to resolve the curvature regions.

3). Do not over specify surface with too many elements. Do not specify a surface too much
beyond the intended region.

4). Do not trim the surface part that is bounded by intersections with other surfaces.

5). Whenever possible, use build-in implicit surfaces over other types and use -tube type over
digitized types.

6). Intersection: If two surfaces are supposed to intersect (e.g. acorner assigned to both sur
faces), specify the surfaces dightly beyond the intersection.

7). Intersection: If two surfaces are supposed to intersect, make sure on any intersection point the
normals from the two surfaces are not parallel. You can either use additional internal surface
on the intersection or make the two surfaces into one to solve the problem.

[11. Topology Construction:

1). Avoid singular edges on surface: One can always use wrap to move singular edges into vol-
ume.

2). Avoid the use of high degrees of singularities.

3). Place topology on the convex side of the intended surface near the high curvature regions.

4). Run lessdense grid first to test out the topology. But the density should be enough to resolve
the curvatures. Thisisatrall and error process.
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IV. Scale Separation:

1). Useinternal surfaces to separate regions of different scales.
2). Define a blade shaped surface as two surfaces, one for each side of the blade. Then use an
internal surface to define the separation of the two halves.

V. Most Encounted Problems:

1). Causes of Topology Errors:
a). wrong surface assignments.
b). wrong surface sideness ( 1-sided vs 2-sided).
C). isolated or hanging corners or edges.
2). Causes of Bad Grids.
a). surfaces do not intersect.
b). topology cuts surface.
¢). surface orientation wrong.
d). not enough grid densidy for curvature.
€). need more sweeps.
f). surface assignments wrong.
g). singular edges on surfaces.
h). no internal surface for scale separation
1). bad topology design.
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Appendix D - Freguently Asked Questions

Drawing Area

Why can't | find my surfaces even though | have trandated the viewscreen extensively?

If you created your surfaces on GridPro/AZ3000, did you press “apply” after setting the
surface properties? Areyou in the “topology builder” mode? Isthe “surf” button in the green,
“SHOW” box depressed? Have you dilated the viewscreen way too many times? Pressing the
“Q” key and moving the cursor should give you an indication of what scale you are working in.
Depending on your viewscreen scale and the size of your surfaces, you may have to zoom in or
unzoom many times in order to see your surfaces.

| cannot find the world axes even though the “ axis’ button is depressed. How can | find them?

You have dilated the viewscreen too many times. You must zoom or unzoom repeatedly.
From adistance, the axes ook like small orthogonal segments, or even just a point.

| cannot find the cut plane even though the “ cut” button is depressed and | have trandlated the
viewscreen. How do | find it?

You have dilated the viewscreen too many times. You must zoom or unzoom repeatedly.
If you have enlarged the viewscreen, you are most likely looking inside the cut plane rectangle;
pressing the “fill” button will let you know for sure.
| cannot find the grid even though | amin the “ Grid Viewer” mode. Whereisit?

Did you remember to load your grid from the [blk.tmp] file after the Ggrid process was
complete? If so, isthe “MB” button in the green, “SHOW” box depressed? Maybe you need to
zoom in or zoom out because your grid is very large or very small.

Why does GridPro/AZ3000 rotate my surfaces so slowly?

Most likely, the “shade,” “shade0,” “HLR,” “HLR with shade,” or “line” operation is
accessed in the “move” menu found in the brown, “STYLE” box. Although the speed of your
computer factorsinto this problem, these operations tend to slow down any computer. Therefore,
change the operation in the menu to “point” or “1/10 point.”

Why does my three-dimensional object look like a two-dimensional object?

You are looking at the object head on. Rotate the viewscreen.

How do | remove screen clutter ?
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See what you can hide. Surfaces and the position cube often must not always be dis-
played. Also, under the“stop” heading in the brown, “STYLE” box, change the surface represen-
tation to “point” or “1/10 point.”

Why does my three-dimensional object look like a two-dimensional object?

You are looking at the object head on. Rotate the viewscreen.

Topology

GridPro/AZ3000 claimed that my topology was complete and ready for gridding. However, the
resulting grid has a strikingly unexpected shape. s something wrong?

Yes. One or more of your surface orientations are incorrect. Asaresult, surfaces either
folded in on themselves or tried to stretch to infinity. You must go back to the “topology builder”
mode and check the surface properties for all surfaces.

Why can't | create cornersin two dimensions?

Remember, you can only create corners on the cut plane. Therefore, the axes of the cut
plane are probably not aligned with the screen axes. The easiest solution is to exit and reenter the
az manager.

Why won't the cursor manipulate or recognize the topology that is on the screen?

Most likely, agroup is activated and the topology is dimmed. Deactivate the group.
Two corners are very close together. How can | drag a purple box over just one of them?

Zoom in on both corners; they will separate.

| know my wireframe is correctly constructed. Why won't GridPro grid the wireframe?

Your surface assignments are either incorrect or nonexistent.
Grids

Why won't my grid obey my instructions?

There might more than one grid present in the grid viewer; maybe you forgot to eliminate
your previous grid before starting a new one.
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Appendix E - Incorporating User-Defined
Solver For mats

E.1 Overview

The AZ-Graphic Manager has a command panel, the Property Setter (panel=P) panel, for
assigning properties (boundary conditions) to blocks and block faces. Grid data and associated
information can be outputted in any solver format that has already been implemented in the AZ-
Graphic Manager.

The AZ-Graphic Manager implements, as a plug-in script or plug-in executable, function-
aitiesfor outputting agrid in any given solver format. That is, auser can add to the AZ-Graphic
Manager the capability of outputting a grid in a given solver format without the requirement of
knowing, changing, or recompiling the source code of the AZ-Graphic Manager.

The incorporation of a new solver grid format involves:

1). Adding entries into two existing files:
-- GridPro/az_mngr/gridfmt.menu
-- GridPro/az_mngr/ptymap.menu

2). Creating a property map file that maps GridPro property ids to solver specific literal names.
These property maps are |loaded into the AZ-Graphic Manager when the given solver format
Is selected from the menu button “pty=*" on the top menubar.

3). Creating one or two UNIX or PC (.bat) script filesthat are called when the grid is saved in the
given solver format. A user-supplied executable, and other GridPro utilities, such as
“trf”, “mrgb”, and “chfmt,” can be used in the scripts.

4). Creating an executable that reads. a) the GridPro grid (including grid data, connectivity and
property assignments) and the corresponding property format b) the grid output in the given
solver format. The execution of this executable is part of the tasksincluded in the script dis-
cussed.

The grid filesin the GridPro format are solver independent in the sense that no solver spe-
cific names appear in these files. The linkage between the grid in the GridPro format and a partic-
ular solver is through the property map file, where the numbers (property ids) are mapped to the
solver specific literal names.
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For the purpose of explaination, we will call the new solver “MY SLV”.

E.2 Adding an Entry to 'GridPro/az_mngr/gridf mt.menu’

Thefile, 'GridPro/az_mngr/gridfmt.menu’, controls the solver list in the format line of the
file dialog box when agrid is to be saved. Each solver format takes one line in the file. Theline
for anew solver can be inserted in any position in the file. Each solver format line has four items
separated by the symbol '&'. For example,

MYSLV &MYSLV & outE_mydv.script & outM_myslv.script

Thefirst item, 'MY SLV', isthe solver name that appearsin the format list when agridis
saved. It should not belonger than 10 characters. The second item should be identical to the first
except if the solver name exceeds seven characters. In this case, the second item should be an
abbreviation of the first. The third item is the script or executable file which will run when the
grid is saved with elementary block data. The fourth item is the script or executable file which
will run when the grid is saved with super block data. The file namesin items 3 and 4 are not
important for UNIX systems. For the PC, a script file should end with the ".bat' extension. Either
the third or the fourth item can be the reserved name 'unused'.

Internally, when agrid is saved, say, with the elementary block data, the AZ-Graphic
Manager always first saves the corresponding '.pty’ file, then executes the following system call:

system("outE_mysdv.script grid_file_name output_file_name");
where,
outE_mydv.script -- name of the fileto run as specified in the solver line above.

grid_file_ name -- thefile name of the current grid.
output_file_name -- the output file name typed in during the file dialog.
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Figure E.1 illustrates the result. FigureE.1

Seve Format:  WYSLY | serged

The current 'gridfmt.menu’ fileislisted below: :‘;iu'
o
#---- FILE: gridfmt.menu ---- plat2d
#menu Ibl & head & elem b script to run & super b script to run FID¢#
CFX4 &CFX4test & outE cfx4.script & outM _cfx4.script E:*:‘"
GASP &GASP & outE_gasp.script & outM _gasp.script Flusnt
plot3d & plot3d & outE p3d.script & outM_p3d.script pdc
FIDAP &FIDAP & outU_fidap.script & unused péc una

Nastran& Nastran& outU nast.script & unused
Patran & Patran & outU_patran.script& unused
Fluent & Fluent & unused & unused

pdc &pdc & outE pdc.script & outM _pdc.script
pdc uns& pdc uns& outU_pdc.script & unused

#---- END OF FILE ----

E.3 Writing the Output Script

As mentioned in section E.2 with the “MY SLV” example, when agrid is saved, the AZ-
Graphic Manager makes a system call to execute the script 'outE_myslv.script' ( or
'outM_mysdlv.script'). The user isresponsible for writing the script, although one may copy an
existing script of another solver in the GridPro/az_mngr/ directory, and do some editing from
there. This script should be placed in the GridPro/az_mngr/ directory. This script should read in
the GridPro elementary block grid (grid data, '.conn' file and ".pty’ file), and the property map file,
‘ptymap.mysdlv," which will be discussed later. Also, the script should output the grid in the
MY SLV format. One can use a combination of GridPro utilities (including “trf”, “mrgb” and
“chfmt”) in the script to accomplish some of the tasks involved.

However, in general, one needsto write at least one C or FORTRAN program to finish the
final conversion. Typically, this program will read GridPro files (i.e., ‘blk.grd’, ‘blk.grd.conn’,
optionaly ‘blk.grd.pty’ for elementary blocks, and ‘blk.grd blk.conn_n’ for super blocks).

An example script for GASP islisted below:

#!/bin/csh -fe

#---- FILE: outM _gasp.script ----
mrgb $1 -s 1 -gasp

mv $1.tmp.inp $2.inp

chfmt $1.tmp -f p3d
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mv $1.tmp.tmp $2.p3d
\rm $1.tmp

exit

#---- END OF FILE ----

E.4 Adding an Entry to 'GridPro/az_mngr/ptymap.menu’

The property maps map the internally used number property id to solver specific litera
names. Each solver hasitsown property map file, which isalso a part of the corresponding solver
entry in the file 'GridPro/az_mngr/ptymap.menu’.

In 'GridPro/az_mngr/ptymap.menu’, each solver takes one line. And each solver line has
three items separated by the symbol '&’. Again, using MY SLV as an example, we need to add
one entry asfollows:

MY SLV &pty=MYSLV & ptymap.myslv

FigureE.2 Thefirst item isthe new solver name appearing in the menu item list for both
 ptu=MYSLY | the button [pty=*] on the top menubar and the property line in the surface parame-
defaulel € dialog box. Figure E.2 illustrates the result. The second item is the name label
CFxa | appearing on the two menu buttons once the property is selected from the menu

BASP item list. Thefirst two items should not be longer than 10 characters each.

FIDAP - L - .

MYSLY The third item is afile name containing the property maps for the given
! gsolver, which will be discussed in the next section. Thisfileissolver specific and
user supplied.

The current ptymap.menu’ fileislisted below:

#---- FILE: ptymap.menu ----
default& pty=PDC & ptymap.default
CFX4 &pty=CFX4 & ptymap.cfx4
GASP &pty=GASP & ptymap.gasp
FIDAP &pty=FIDAP& ptymap.fidap
#---- END OF FILE ----

E.5 Writing the 'ptymap.*’ File
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Recall that the user must create the file '‘ptymap.mydv’. Theliteral property namesin the
file will appear in the AZ-Graphic Manager. The user sees these literal property names when
assigning properties to grids with the involved solver format.

Note that, the GridPro grid is solver independent in the sense that the properties are just
numbers (with possibly GridPro-defined names). Thefile, ‘ptymap.myslv’, makes the connection
from the numbers to the liternal names that are specific to the solver.

To create 'ptymap.myslV’, one can copy and edit either the file ‘ptymap.template,” or the
file 'ptymap.*’, for another solver.

Let us use the CFX4 format as an example. Thefileislisted below:

#---- FILE: ptymap.cfx4 ---

10 # 2d-ptys.

#pdc-id& pdc-name & mapped name & label #comments

& INTERBLK & BLKBDY &*BLKBDY #grid generic basic
& PERIODIC & USER2D &*USR2D:prd#grid generic basic
& BOUNDARY & WALL &*WALL #grid generic basic
& SYMMETRY & SYMMET

& user5 & unused

& user6 & CNDBDY

& user7 & PRESS

& user8 & INLET

& user9 & OUTLET

10 & userl0

G« A

7 #3d-ptys.

#pdc-id& pdc-name & mapped-name & label #comments

& BULK  &default &*FLUID #grid generic

& user2 &SOLID &

& user3 &SOLCON &

& user4 &POROUS &

& user5 &USER3D &

& user6

& user?

#---- END OF FILE ----

© oo ~NOO D WNPRP

~No ok WDN PP

As shown above, there are two sections of maps, one for the 2-d maps and another for the
3-d maps. The sections of maps have the same syntax: The first line is the number of properties

153



listed, followed by the property map list. Each line here defines the map for one property.
There are four items for each map line. They are:
1). pdc-id: must be >=1 and <= the length of the list, and can appear in any order.

2). pdc-name: generic property names. can be renamed. However, (2d)id=1..3 (3d)id=1 have
special roles when the pty of surfaces, faces and blocks areinitialized. The following rules are
applied to the pty initialization:

Rule for surface:
If asurface has a default pty, the surface isinitially assigned a pty-id=1(pdc-
name=INTERBLK), 2(pdc-name=BOUNDARY) and 3(pdc-name=PERIODIC)
for a2-sided surface, a 1-sided surface and a periodic surface respectively.

Rule for faces:
a). If thefaceison asurface, the face is reassigned with the surface pty.
Otherwise,
b). If the face attaches to two blocks, the face is reassigned the pty id=1(pdc-
name=INTERBLK).
For anything else,
¢). Thefaceisreassigned the pty id=2(pdc-name=BOUNDARY).

Rule for overlap ptys:
If two pty ids are mapped to the same mapped-name, then the faces with larger id's
arereassigned with the lower pty id.

3). mapped-names:. solver specific names. Routines for a particular solver format may use these
names. A blank mapped_name means unused. Dueto the pty initiaization rules, the mapped-
names for (2d)id=1..3 should have the same corresponding meaning as the pdc-names.

4). label: ( <= 10 chars) iswhat is shown on the button, can have spaces.

5) &: delimiter. A blank item should use’'& &’ instead of ‘& &’

For a PDC pre-defined pty map file, auser...

1). can change the order of thelines;

2). can change the labels;
3). can change pdc-name for id >= 4(2d) and id >= 2(3d);
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4). needs to understand the initialization rules.

For a user defined pty map file, the user needs to map INTERBLK correctly since “mrgb”
will merge blocksthrough it. In the Property Setter (Panel=P) panel, when you press the “list”
button, and your format is selected, your custom-made propertieswill appear. Figure E.3 displays
the final result.

FigureE.3

FIHintth

Emywall

- smyperiod
List—— gubcl

mybc?
mybc3
mybcd

Also, as mentioned in chapter 9, you can assign properties to surfaces. These properties
areinherited by the grid. To assign your custom-made properties to these surfaces, select your
format, reload one of your surfaces, and press the button to the right of the “property” heading.
Your properties should appear in the submenu. Figure E.4 summarizes the process.

EigureE.4
s —— p'rup-g-rtu: _»d-l! fault |

""" default

#myintblk
#mywall
“myperiod
mybel
mybc2
mijbc 3
mybcd
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<$symbols<$numerics<$alphabeticsGridPro
<$symbols<$numerics<$alphabeticsTIL (Topology Input Language)
<$symbols<$numerics<$alphabeticsAZ Graphic M anager
<$symbols<$numerics<$al phabeticssurface
<$symbols<$numerics<$alphabeticstopological wireframe
<$symbols<$numerics<Pal phabeticswir eframe
<$symbols<$numerics<$al phabeticstopol ogy
<$symbols<$numerics<$alphabeticsgrid
<$symbols<$numerics<$alphabeticsCAD (Computer Aided Design)
<$symbols<$numerics<$al phabeticssurface assignment
<$symbols<$numerics<$alphabeticscorners
<$symbols<$numerics<$alphabeticsGgrid
<$symbols<$numerics<$alphabeticssurfaceid (identification)
<$symbols<$numerics<$al phabeticscurrent surface
<$symbols<$numerics<$alphabeticsscreen axis
<$symbols<$numerics<$alphabeticsworld axis
<$symbols<$numerics<$al phabeticscut plane axis
<$symbols<$numerics<$alphabeticsrotation axis
<$symbols<$numerics<$al phabeticssnap
<$symbols<$numerics<$al phabeticscut plane
<$symbols<$numerics<$al phabeticscut planerectangle
<$symbols<$numerics<$alphabeticshandle

<$symbols<$numerics<$al phabeticssnap
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<$symbols<$numerics<$alphabeticsclip
<$symbols<$numerics<$alphabeticsgeneral position
<$symbols<$numerics<$alphabeticsfull face matching
<$symbols<$numerics<$alphabeticswr ap
<$symbols<$numerics<$al phabeticsedge
<$symbols<$numerics<$al phabeticscor ner
<$symbols<$numerics<$alphabeticsedge
<$symbols<$numerics<$al phabeticssurface assignment
<$symbols<$numerics<$alphabeticsy/[_az.fra/]
<$symbols<$numerics<$al phabeticssurface orientation
<$symbols<$numerics<$alphabeticsinternal surface
<$symbols<$numerics<$alphabeticsrun
<$symbols<$numerics<$al phabeticssweep
<$symbols<$numerics<$alphabeticsresidual
<$symbols<$numerics<$alphabeticsfold count
<$symbols<$numerics<$alphabeticgblk.tmp]
<$symbols<$numerics<$alphabeticsmesh
<$symbols<$numerics<$al phabeticsblock
<$symbols<$numerics<$alphabeticscenter
<$symbols<$numerics<$alphabeticsoutline
<$symbols<$numerics<$al phabeticsskeleton
<$symbols<$numerics<$al phabeticsgroup

<$symbols<$numerics<$al phabeticsactive group
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<$symbols<$numerics<$al phabeticssecondary wireframe
<$symbols<$numerics<$al phabeticspancake
<$symbols<$numerics<$alphabeticsdensity
<$symbols<$numerics<$al phabeticsutility
<$symbols<$numerics<$alphabeticsface
<$symbols<$numerics<$alphabeticsdice
<$symbols<$numerics<$al phabeticssheet
<$symbols<$numerics<$al phabeticsshell
<$symbols<$numerics<$al phabeticsface sheet
<$symbols<$numerics<$al phabeticsslice sheet
<$symbols<$numerics<Palphabeticspartial shell
<$symbols<$numerics<$al phabeticsnode spacing
<$symbols<$numerics<$alphabeticsEuler grid
<$symbols<$numerics<$alphabeticsNavier-Stokes grid
<$symbols<$numerics<$al phabeticsboundary conditions
<$symbols<$numerics<$al phabeticsoff-wall
<$symbols<$numerics<$alphabetics—xpolar surface
<$symbols<$numerics<$al phabetics—xyz surface
<$symbols<$numerics<$alphabeticsperiodic axis
<$symbols<$numerics<$alphabeticsflag
<$symbols<$numerics<$al phabeticsquad.tmp
<$symbols<$numerics<$alphabeticsstring.tmp

<$symbols<$numerics<$alphabeticssurf.tmp.fra
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FILE NAMES
‘azfra 41

‘ path.tmp’ 118
‘surf.1’ 117
‘blk.tmp’ 48
‘quad.tmp’ 119
‘string.tmp’ 119
‘surf.tmp.fra’ 122

A

axis
cut plane axis 16, 21
periodic axis 103
rotation axis 16
screen axis 16
world axis 16

AZ Graphic Manager 6

B

block 50
boundary conditions 101

C

cell 51

center 51

clipz4

clustering 88

corner 34

cut plane 21
cut plane axis 16, 21
cut plane rectangle 21
hiding cut plane 21
resizing cut plane 22

D
density 86

E
Euler grid 88, 101

F

face 89
face sheet 89

| ndex

flag 113

G

Ggrid 45
fold count 46
residual 46
sweep 46

grid
hiding grids 91
loading grids 48
printing grids 94
saving grids 48

GridPro 5

group 59
active group 60

reference group 61, 82
surface assignment group 61

H
handle 22

L

level of significance 116

link. See edge

M
mesh 49

N

Navier-Stokes grid 88, 101

node spacing 95
normal spacing 101

O

off-wall 101
orange path 116
outline 51

P

pancake 66
partial shell 89
path 115
piece 117

159



S

section 102

sheet 89

shell 89

skeleton 51

dice 89

dice sheet 89

snap 17

surface
current surface 16
internal surface 42, 121
surface assignment 36
surface id (identification) 11
surface orientation 42
-xpolar surface 103
-xyz surface 103

T
TIL (Topology Input Language) 5
topology

full face matching 28

general position 27

loading topology 41

saving topology 41

V
vertex. See corner

w

wireframe 6
secondary wireframe 61
wrap 31, 63, 82
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