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Figure 5.13 Swirler region mesh

Number of Elements Max Aspect Ratio
566,477 70.0

Max Skew
5.97

Table 5.6 Answer to success questions. Case study 3 — The swirler region

Did the discrete feature program execute to completion?

Did all of the attributes map successfully to the airsolid?

Did the mesh command file execute to completion?

Is the mesh adequate?

Was the CFD model setup successfully?

How long did it take to update the airsolid, mesh, and CFD setup?
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Yes
Yes
Yes
Yes
Yes

~ 8 minutes
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Figure 5.14 Contours of velocity magnitude for swirler region

The swirler from the case study was investigated separately to see what happens
under certain modeling conditions. A modeling operation was performed to one of the
swirler vane instances resulting in the elimination of one of the faces as shown in Figure
5.15. When a face or edge undergoes an operation that makes it non-existent, the entity
is said to be asleep. For example, when a round operation is performed on an edge,
visibly the edge is no longer existent, but the edge is still in the CAD database. If a face
entity becomes asleep, as is the case with Figure 5.15, the discrete feature program may
introduce some errors. This problem was discussed in section 3.3.1. When the discrete
feature program encountered this problem, warning messages were issued to the user as
shown in Figure 5.16 and the instance in question was highlighted. The user must then

manually interrogate the instance in question. The discrete feature program then
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continues to run to completion. This problem was successfully addressed and only a

small amount of manual interaction was required to solve the problem.

|

/

/
/

Figure 5.15 Face asleep on one of the swirler vanes

- WARNING
L/ achid (highlighted) was found with a different number of faces than the parent

\i) Check to make sure attributes were copied correctly

Figure 5.16 Warning message issued when a face of a child instance is asleep

The AMS and discrete feature program were successfully executed to completion

with every chosen case study. The AMS proved to be a user-friendly method for creating

97



a CAD-centric model and the discrete feature program proved to be successful in

addressing the discrete feature problem for all case studies.
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CHAPTER 6: CONCLUSIONS

The objective of this thesis was to create a CAD-centric method for analysis using
commercially available CAD and CAE software, and at the same time address the
discrete feature problem. Specifically, a method was laid out to create a CAD-centric
model by using global and associative attributes to contain all necessary downstream
information such as units, material properties, boundary conditions, mesh properties, and
solution criteria. In order to accomplish the objectives of this research a design tool was
created for concept generation of the swirler region (COPDET), an attribute management
system was created in the form of a user-friendly interactive dialog, and a program was
created to solve the discrete feature problem. These applications were able to prove:

¢ A solid model containing attributes can be used as a master model for all
downstream applications,

e That reliable automation of the conceptual design, airsolid creation, mesh
generation, and CFD setup for complex 3D CAD models can be performed,

e Large amounts of time can be saved by automating the CAD-to-CFD process,
e A special class of topology change called the discrete feature problem can be
easily and quickly solved,

e The proposed method can be incorporated on commercially available CAE

software through a combination of user interaction and API programming.
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The method outlined in this research was formally verified by using COPDET to
perform concept generation, the AMS to create the CAD-centric model, and the discrete
feature program to solve the discrete feature problem. In order to verify that these design
tools worked properly, three case studies with discrete features were taken through the
CAD-to-CFD process. Conclusions were made during the discussion of these examples.

It was found that a CAD-centric model with discrete features can be created and
used for downstream applications. Furthermore, the time required to generate a mesh and
analysis model is drastically reduced from the over-the-wall method. The method
developed in this work will help industry to shorten the design cycle time where analysis
is involved. The method also allows for analysis to become part of concept generation
and opens the door for optimization to be used in the conceptual design stages. This
method has direct application to other types of analysis such as stress analysis. The only
difference is that airsolid creation and attribute mapping are not needed. This work can
also be used as a guide for future work development in the area of integrating CAD with

analysis

6.1 Future Work

As mentioned throughout this thesis a large amount of development could be
added to this method. The additional work would be classified as an extension or
improvement upon the current method.

The discrete feature change is one example of a topology change, and methods
need to be developed to handle other topology changes. The persistent naming problem
is currently a popular topic of research. With methods to handle more diverse topology

changes the CAD-to-CAE process can become much less labor intensive.
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Research is needed to address integrating CAD and CAE when assemblies are
used. Methods are needed to address the problem of inter-part relations and topology
changes when assemblies are used in analysis. Additional capability could be extended
to store global and associative attributes in an external database rather than the CAD-
model. This would give the designer the ability to create and modify attributes from

downstream applications as well as the CAD system.
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Appendix A: Attribute Family Header and Source File

/*********************************************************

File: AttributeFamily.hpp
Date: March 29, 2004
Authors: Matt King

BYU graduate student

Purpose: Header file for Attribute Family.cpp
This class will work as a container for
information for an object of type
Attribute Family

*********************************************************/

#ifndef ATTRIBUTEFAMILY HPP INCLUDED
#define ATTRIBUTEFAMI LY HPP INCLUDED
#include <UGOpenMaster.hpp>

class AttributeFamily

{

public:

AttributeFamily () ;
~AttributeFamily (void) ;

void setName (string name) ;

string getName (void) {return (mName) ; }

void setBC(string bc);

string getBC (void) {return (mBC) ;}

void setBCvalue (double wvalue);

double getBCvalue (void) {return (mBCvalue) ;}
void setElemRefSize (int size);

int getElemRefSize (void) {return (mSize);}
vold setColor (int color);

int getColor (void) {return (mColor) ;}

void writeFamilyAttributesToPart (int family number);
void setDataFromName (string family name) ;

void deleteFamilyAttributesFromPart (int family number);
void deleteFamilyAttributesFromFaces (int family number) ;

private:

}i

string mName, mBC;
int mSize, mColor;
double mBCvalue;

#fendif
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/*********************************************************

File: AttributeFamily.cpp
Date: March 29, 2004
Authors: Matt King
BYU graduate student
Purpose: This class will work as a container for

information for an object of type
Attribute Family
Required: AttributeFamily.hpp

*********************************************************/

#include "AttributeFamily.hpp"
#include "Object Select.hpp"

AttributeFamily: :AttributeFamily ()
{
}

AttributeFamily::~AttributeFamily ()
{
}

void AttributeFamily::setName (string name)

{

mName = name;

void AttributeFamily::setBC(string bc)

{
mBC = bc;

void AttributeFamily::setBCvalue (double value)
{

mBCvalue = value;

void AttributeFamily::setElemRefSize (int size)

{

mSize = size;

void AttributeFamily::setColor (int color)

{

mColor = color;
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void AttributeFamily::writeFamilyAttributesToPart (int

{

family number)

// Define the name of the family. The title of the
// family will be in the format of family number.
char family title[UF ATTR MAX TITLE LEN+1],
family name[50];
sprintf (family title, "%s %i", "family", family number);
UF ATTR value t value;
value.type = UF ATTR string;

sprintf (family name, "%s", getName().c str());

value.value.string = family name;

UF ATTR assign (UF PART ask display part(), family title,
value) ;

// Create another attribute for the boundary condition.
// The title is of the format family name bc
char family bc title[UF ATTR MAX TITLE LEN+1],
boundary condition([50];
sprintf (family bc title, "%s bc", family name);
value.type = UF ATTR string;
sprintf (boundary condition, "%s", getBC().c str());
value.value.string = boundary condition;
UF ATTR assign (UF PART ask display part(),
family bc title, value);

// Create another attribute for the boundary condition
// value. The title is of the format
// family name bc value
char family bc value title[UF ATTR MAX TITLE LEN+1];
sprintf (family bc value title, "%s bc value",
family name) ;
value.type = UF ATTR real;
value.value.real = getBCvalue();
UF ATTR assign (UF PART ask display part(),
family bc value title, value);

// Create another attribute for the element reference
// size. The title is of the format
// family name ref size
char family ref size title[UF ATTR MAX TITLE LEN+1];
sprintf (family ref size title, "%s ref size",
family name);
value.type = UF ATTR integer;
value.value.integer = getElemRefSize();
UF ATTR assign (UF PART ask display part(),
family ref size title, value);
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// Create another attribute for family color. The title
// is of the format family name color
char family color title[UF ATTR MAX TITLE LEN+1];
sprintf (family color title, "%s color", family name);
value.type = UF ATTR integer;
value.value.integer = getColor();
UF ATTR assign (UF _PART ask display part(),

family color title, value);

}

void AttributeFamily::setDataFromName (string family name)

{

setName (family name) ;

// get the Boundary Condition info

char family bc title[50];

sprintf (family bc title, "%s BC", family name.c str());

strupr (family bc title);

UF ATTR value t value;

UF ATTR read value (UF PART ask display part(),
family bc title, UF ATTR any, &value);

setBC (value.value.string) ;

// get the Boundary Condition value info

char family bc value title[50];

sprintf (family bc value title, "%s bc value",
family name.c _str());

strupr (family bc value title);

UF ATTR read value (UF PART ask display part(),
family bc value title, UF ATTR any, &value);

setBCvalue (value.value.real) ;

// get the element reference size info

char family ref size title[50];

sprintf (family ref size title, "%s ref size",
family name.c str());

strupr (family ref size title);

UF ATTR read value (UF PART ask display part(),
family ref size title, UF ATTR any, &value);

setElemRefSize (value.value.integer);

// get the color info

char family color title[50];

sprintf (family color title, "%s color",
family name.c str());

strupr (family color title);
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UF ATTR read value (UF PART ask display part(),
family color title, UF ATTR any, &value);
setColor (value.value.integer) ;

}

void AttributeFamily::deleteFamilyAttributesFromPart (int
family number)

{

string family name = getName () ;

// delete the boundary condition info
char family bc title[50];
sprintf (family bc title, "%s BC", family name.c str());
strupr (family bc title);
UF CALL (UF _ATTR delete (UF_PART ask display part(),
UF ATTR any, family bc title));

// delete the boundary condition value info

char family bc value title[50];

sprintf (family bc value title, "%s BC value",
family name.c str());

strupr (family bc value title);

UF CALL (UF _ATTR delete (UF_PART ask display part(),
UF ATTR any, family bc value title));

// delete the element ref size info

char family ref size title[50];

sprintf (family ref size title, "%s ref size",
family name.c str());

strupr (family ref size title);

UF CALL (UF ATTR delete (UF_PART ask display part(),
UF ATTR any, family ref size title));

// delete the color info

char family color title[50];

sprintf (family color title, "%s color",
family name.c str());

strupr (family color title);

UF CALL (UF ATTR delete (UF_PART ask display part(),
UF ATTR any, family color title));

// shift the name attributes numbers of the remaining
// families delete the name info

char family name title[UF ATTR MAX TITLE LEN+1];

int number = family number + 1;

UF ATTR value t value;

do
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// read the value of the following name
sprintf (family name title, "FAMILY %i", number + 1);
strupr (family bc title);
UF ATTR read value (UF PART ask display part(),
family name title, UF ATTR any, &value);
if (value.type ==0)
break;

// assign the found name to the previous location

sprintf (family name title, "FAMILY %i", number);

UF ATTR assign(UF_PART ask display part(),
family name title, value);

number++;
}while (value.type != 0);
sprintf (family name title, "FAMILY $%i", number);

UF CALL (UF ATTR delete (UF_PART ask display part(),
UF ATTR any, family name title));

void AttributeFamily::deleteFamilyAttributesFromFaces (int

{

family number)

char family name[50];
string family name string = getName () ;
sprintf (family name, "%s", family name string.c str());

// get the tag of the airsolid
tag t solid body = NULL TAG;
tag t* objects;
UF CALL (UF OBJ cycle by name("airsolid", &solid body));
if (solid body == NULL TAG)
{

int n objects = select objects (UF solid type,

UF solid body subtype, "Select the Solid.",

&objects) ;
if (n _objects != 1)
ucle01 ("Pick ONE Solid!", 1);
else

{
UF CALL (UF _OBJ set name (objects[0], "airsolid"));
solid body = objects[0];
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}

// loop through the faces of the airsolid and delete the
// family name of each face
uf list p t face list;
UF CALL (UF _MODL ask body faces(solid body, &face list));
int count faces;
UF CALL (UF MODL ask list count (face list,
&count faces));
UF ATTR value t value;
for (int 1=0; i<count faces; 1i++)
{
tag t face id = NULL TAG;
UF CALL (UF MODL ask list item(face list, 1,
&face id));
UF CALL (UF ATTR read value (face id, "FAMILY",
UF ATTR any, &value));
if (value.type == UF ATTR string &&
strcmp (value.value.string, family name) == 0)
{
UF CALL (UF ATTR delete(face id, UF ATTR any,
"FAMILY") ) ;
UF CALL (UF _OBJ set color(face id, 2));
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Appendix B: Airsolid Header File

/*********************************************************

File: airsolid.hpp
Date: January 5, 2004
Authors: Matt King
(BYU graduate students)
Purpose: Container for data necessary for the
airsolid in the swirler region
Required: UGOpenMaster.hpp

*********************************************************/

#ifndef AIRSOLID HPP INCLUDED
#define AIRSOLID HPP INCLUDED

#include "UG Swirler.hpp"
#include <UG_CombProps.hpp>

class Airsolid : public UG Swirler
{
public:

Airsolid() ;

~Airsolid(void) ;

int createAirsolid(double sector angle);

int swirlerDomain (double sector angle);

void substituteComponents (void) ;

tag t waveComponent (tag t &body) ;

tag t uniteComponents (vector<tag t> waved list);

tag t trimGeometry (double sector angle, tag t
resultant geometry);

uf list p t returnInnerEdges(uf list p t edge list);

tag t revolveEdgeList (uf list p t inner edge list,
double start angle, double end angle, bool
offset solid);

tag p t sortFaces(uf list p t face list);

double getArea(tag t face id);

private:

}i
#fendif
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Appendix C: CreateFiles Header and Source File

/*********************************************************

File: CreateFiles.hpp
Date: March 29, 2004
Authors: Matt King
BYU graduate student
Purpose: Create functions for creating an attribute

file and command files specific for Altair
HyperMesh and Fluent
*********************************************************/
#ifndef CREATEFILES HPP INCLUDED
#define CREATEFILES HPP INCLUDED

#include <UGOpenMaster.hpp>
void CF create file(tag t solid body);
void CF create mesh file(tag t solid body);

void CF create cfd file(tag t solid body);
#endif

/*********************************************************

File: CreateFiles.cpp
Date: March 29, 2004
Authors: Matt King
BYU graduate student
Purpose: Create functions for creating an attribute

file and command files specific for Altair
HyperMesh and Fluent
Required: CreateFiles.hpp

*********************************************************/

#include <UGOpenMaster.hpp>

#include <fstream>

#include "FilestringUtil.hpp"

#include "UIStylerFuncs.hpp"

#include "Object Select.hpp"

#include "AttributeFamily.hpp"

#include "Attribute Utilities.hpp"

extern vector<AttributeFamily> gFamilyVector;

void CF create file(tag t solid body)
{
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// create attribution file with the same name and

// directory as the part. And make the extension .af
tag t part = UF PART ask display part();

char part name[MAX FSPEC SIZE+1];

UF CALL (UF_PART ask part name (part, part name));
string path and name, name, path, ext;

path and name = part name;
FilestringUtil::decompose (path and name, name, path,
ext);

string filename = path + "\\" + name + ".af";
ofstream outAttributionFile(filename.c str (), ios::out);

// cycle through all the global attributes (attributes
// assigned to the part
int indx = 0;
char title[UF ATTR MAX TITLE LEN+1];
UF ATTR value t value;
outAttributionFile << "GLOBAL ATTRIBUTES\n";
do
{
UF CALL (UF ATTR cycle(part, &indx, UF ATTR any,
title, &value));
if (indx == 0) break;

if (value.type == UF ATTR integer)
outAttributionFile << title << "=" <L
value.value.integer << "\n";

if (value.type == UF ATTR real)
outAttributionFile << title << "=" <KL
value.value.real << "\n";

if (value.type == UF ATTR string)
outAttributionFile << title << "=" <KL
value.value.string << "\n";

}while (indx != 0);

outAttributionFile << "END GLOBAL ATTRIBUTES\n\n";

// cycle through all faces and print all attributes for
// each face to the attribution file get the faces of

// the solid body

uf list p t face list;

UF CALL (UF_MODL ask body faces(solid body, &face list));

int count faces, hypermesh id = 1;

UF CALL (UF MODL ask list count (face list,
&count faces));
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outAttributionFile << "ASSOCIATIVE ATTRIBUTES\n";
for (int i=0; i<count faces; i++)
{
tag t face id = NULL TAG;
UF CALL (UF MODL ask list item(face list, 1,
&face id));

// count the number of each type of attribute
int int count, real count, string count;
UF CALL (UF ATTR count attributes (face id,
UF ATTR integer, &int count));
UF CALL (UF ATTR count attributes (face id,
UF ATTR real, &real count));
UF CALL (UF_ATTR count attributes (face id,
UF ATTR string, é&string count));
outAttributionFile << "hm id=" << hypermesh id <<
"\t";

// obtain attributes for the face
indx = 0;

do

{

UF CALL (UF ATTR cycle(face id, &indx, UF ATTR any,

title, &value));
if(indx == 0) break;

if (value.type == UF ATTR integer)
outAttributionFile << title << "=" <L

value.value.integer << "\t";

if (value.type == UF ATTR real)
outAttributionFile << title << "=" <L

value.value.real << "\t";

if (value.type == UF ATTR string)
outAttributionFile << title << "=" <L

value.value.string << "\t";

}while (indx != 0); /* if indx == 0 on output then
all the attributes have been cycled through*/

outAttributionFile << "\n";
hypermesh id ++;
}

outAttributionFile << "END_ASSOCIATIVE_ATTRIBUTES\n";
outAttributionFile.close() ;
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Creates a cmf (command file) file that can be used with
Altair HyperMesh v6

void CF create mesh file(tag t solid body)

{
// create HyperMesh *.cmf file with the same name and
// directory as the part. And make the extension .cmf
tag t part = UF PART ask display part();
char part name[MAX FSPEC SIZE+1];
UF CALL (UF PART ask part name (part, part name));
string path and name, name, path, ext;
path and name = part name;
FilestringUtil::decompose (path and name, name, path,

ext);

string filename = path + "\\" + name + ".cmf";
ofstream outCMFfile (filename.c str (), ios::out);

// enable menus and filters in HyperMesh

outCMFfile << "*begin(\"this file was create by Matt
King using Unigraphics v18 for ";

OoutCMFfile << name << "." << ext << "\")\n";

outCMFfile << "*menufilterset (\"*\")\n";

outCMFfile << "*menufilterdisable () \n\n";

// import the part

outCMFfile << "// Import the part\n";

outCMFfile << "*createstringarray(12) \"SELECTIONS 0 1 O
1 0 1 O\" \"\" \"BEGIN PARTS\" \"END PARTS\"\n";

OutCMFfile << "™ \"\" \"BEGIN_LAYERINFO\" \"DISABLE \"

",
4

// enable active layer for import

UF OBJ disp props_t disp props;

UF CALL (UF OBJ ask display properties(solid body,
&disp props));

outCMFfile << "\"ENABLE " << disp props.layer << "\"
\"END_LAYERINFO\" \"\" \"COMPONENT_ NAME
default\"\n";

OUtCMFfile << "™ \"\"\n";

outCMFfile << "*feinputwithdata (\"#ug\\ug\",\"" <<
path and name << "\",1,0,-0.01,1,1,1,12)\n\n";

// create collectors for each family

outCMFfile << "// Create collectors and put surfaces
into thier respective collector. Make a
collector for each family.\n";
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outCMFfile << "// Make sure Dboundary condition layers
contain the fluid collector as it's materiall\n";

int color = 2;

vector<string> boundary conditons vector;

for(int 1 = 0; i <gFamilyVector.size(); i++)
{
// example
*collectorcreate (components, "family name","", 2)
outCMFfile << "*collectorcreate (components, \"" <<
gFamilyVector[i].getName () << "\",\"\"," << color
<< u) \I'l",'

// 1ncrement color and make sure it doesn't exceed
available colors

color++;
if (color > 16)
color = 2;

// build the vector of all boundary conditions
bool addFlag = false;
if(i == 0)
addFlag = true;
else
{
addFlag = true;
for(int j = 0; J <
boundary conditons vector.size(); J++)
{
if (boundary conditons vector[j] ==
gFamilyVector[i].getBC())
addFlag = false;
}

}
if (addFlag == true)

boundary conditons vector.push back(gFamilyVector
[i].getBC());
}

// create collectors that are actually zones to be used

// in fluent

outCMFfile << "// Create collectors that are actually
zones to be used in fluent.\n";

outCMFfile <<
"*collectorcreate(components,\"fluid_collector\",

\"\"’l)\n";
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for(int j = 0; J < boundary conditons vector.size();
j++)
{

// set color according to bc type

if (boundary conditons vector[]j] == "wall")
color = 13;
if (boundary conditons vector[]j] == "pressure-inlet"
| | boundary conditons vector[]j] == "velocity-
inlet")
color = 15;
if (boundary conditons vector[]j] == "pressure-outlet")
color = 7;
if (boundary conditons vector[]j] == "periodic-A" ||
boundary conditons vector[]j] == "periodic-B" ||
boundary conditons vector[j] == "symmetry")
color = 12;
outCMFfile << "*collectorcreate (components, \"" <<

boundary conditons vector[J] <<
"\",\"fluid collector\"," << color << ")\n";

}

outCMFfile <<
"*collectorcreate (components, \"3d elements\",\"fl
uid collector\",10)\n";

// organize surfaces into collectors according to the
// family name they are assigned
outCMFfile << "// organize surfaces into collectors
using id numbers\n";
uf list p t face list;
UF CALL (UF _MODL ask body faces(solid body, &face list));
int count faces;
UF CALL (UF MODL ask list count (face list,
&count faces));
char char name[50];
for(i = 0; 1 < count faces; 1i++)
{
tag t face id = NULL TAG;
UF CALL (UF MODL ask list item(face list, 1,
&face id));
sprintf (char name, "S%s",
AU get family name (face id));
if (strcmp (char name, " (null)") == 0)
{
ucl601 ("One or more faces are missing a Family
Attribute!", 1);
return;
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}

else

{

outCMFfile << "*createmark (surfaces, 1) " << 1 + 1
<< u\nu;

outCMFfile << "*movemark (surfaces, 1,\"" <<
char name <<"\")\n";

}

// mesh the 2D surface from the smallest density to the

// largest
outCMFfile << "\n// 2D meshing\n";
outCMFfile << "// Mesh the smallest densities first\n";

// sort the family names from the most dense to the most
// coarse element size.

vector<AttributeFamily> familyVectorSortedByElemRefSize

= gFamilyVector;
for (i = 1; 1 < familyVectorSortedByElemRefSize.size();
i ++)
{
for (int j = 1i;

familyVectorSortedByElemRefSize[]].getElemRefSize
() < familyVectorSortedByElemRefSize[] -
1] .getElemRefSize(); j --)

if(3 == 0)
break;
AttributeFamily temp =
familyVectorSortedByElemRefSize[] - 1];
familyVectorSortedByElemRefSize[] - 1] =
familyVectorSortedByElemRefSize[]];
familyVectorSortedByElemRefSize[]] = temp;

}

// change the node tolerance

double tolerance size = 0.5 *
static cast<double> (familyVectorSortedByElemRefSi
ze[0] .getElemRefSize () ) *AU get global ref size();

char tolerance string[50];

sprintf (tolerance string, "*toleranceset (%5.3f)",
tolerance size);

125



outCMFfile << tolerance string << "\n";

// create 2D mesh commands for hypermesh

for( i = 0; 1 < familyVectorSortedByElemRefSize.size();
i++)

// calculate the element size
double global elem size = AU get global ref size();
if (global elem size == 0.0)
{
ucl6e01 ("The global attributes are required!"™, 1);
return;
}
double face elem size =
static cast<double>(global elem size)*
familyVectorSortedByElemRefSize[i] .getElemRefSize
()

// determine the element type
string elem type = AU get global element type();
int int elem type;
if (elem type == "tris-tets")
int elem type = 0;
if (elem type == "quads-bricks")
int elem type = 1;
if (elem type == "mixed")
int elem type = 2;

outCMFfile << "*createmark (surfaces,1l) \"by comps\"
[" <<
familyVectorSortedByElemRefSize[1].getName () <<
"J\n";

outCMFfile << "*defaultmeshsurf (l," << face elem size
<< ", " << Int elem type << ", " << int elem type;

outCMFfile << ",0,1,1,1,1,0,0,0,0)\n";

}

// Smooth the 2D elements

outCMFfile << "\n// smooth 2D elements\n";
OoutCMFfile << "*createmark(elements, 1) \"all\"\n";
outCMFfile << "*createmark (nodes,1l)\n";

outCMFfile << "*marksmoothelements(1l,1,1,10)\n";

// equivalence all the edges

outCMFfile << "\n// equivalence the edges\n";
outCMFfile << "*createmark (components,1)";
for(i = 0; i < gFamilyVector.size(); i++)

{
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outCMFfile << " \"" << gFamilyVector[i].getName () <<

AT

}

double equivalence tolerance = tolerance size * 0.1;

char equivalence string[50];

sprintf (equivalence string, "%6.4f",
equivalence tolerance);

outCMFfile << "\n*equivalence (components,1l," <<
equivalence string <<",1,0,0)\n";

// create 3D mesh

outCMFfile << "\n//create 3D mesh\n";

outCMFfile << "*createmark (components,1)\n";

outCMFfile << "*createmark (components,2)";

for(i = 0; i < gFamilyVector.size(); i++)

{

outCMFfile << " \"" << gFamilyVector[i].getName () <<

g

}

double tetra growthrate = 1.5;

outCMFfile << "\n*tetramesh (components,l,components,?2,"
<< tetra growthrate << ",0.75,3)\n";

// smooth 3D elements
outCMFfile << "\n//smooth 3D elements\n";
outCMFfile << "*createmark (elements, 1)

\"3d elements\"\n";
outCMFfile << "*createmark (nodes,1l)\n";
outCMFfile << "*marksmoothelements(1l,1,1,10)\n";

// move the 2D elements into the desired zone
outCMFfile << "\n//move the 2D elements into the desired
zone\n";
for( i = 0; 1 < gFamilyVector.size(); 1i++)
{
outCMFfile << "*createmark (elements,l) \"" <<
gFamilyVector[i] .getName () << "\"\n";
outCMFfile << "*movemark (elements,1,\"" <<
gFamilyVector[i].getBC() << "\")\n";
}

// delete all the family collectors

outCMFfile << "\n//delete all the family collectors\n";
outCMFfile << "*createmark (components,1)";

for(i = 0; i < gFamilyVector.size(); i++)

{
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outCMFfile << " \"" << gFamilyVector[i].getName () <<
RN
}
// delete the default collector that is created when a
// UG part is imported
outCMFfile << " \"" << name << "." << ext << "\"\n";
outCMFfile << "*deletemark (components,1)\n";

// export mesh in a nastran format
outCMFfile << "\n//export mesh in a nastran format\n";
outCMFfile <<
"*templatefileset (\"C:/Altair/hw6.0/templates/feo
utput/nastran/general\")\n";
char output path and name[100];
sprintf (output path and name, "%s\\%s.nas",
path.c str(), name.c str());
outCMFfile <<
"*feoutput (\"C:/Altair/hw6.0/templates/feoutput/n
astran/general\",\"";
outCMFfile << output path and name << "\",1,0,1)\n";

Creates a jou (journal file) file that can be used with
Fluento6

void CF create cfd file(tag t solid body)

{

// create Fluent *.jou file with the same name and

// directory as the part file. And make the extension

// .jou

tag t part = UF PART ask display part();

char part name[MAX FSPEC SIZE+1];

UF CALL (UF PART ask part name (part, part name));

string path and name, name, path, ext;

path and name = part name;

FilestringUtil::decompose (path and name, name, path,
ext) ;

string filename = path + "\\" + name + ".jou";

ofstream outJOUfile (filename.c str (), ios::out);

// initial comments in the Jjournal file

outJOUfile << "; This is a journal file for Unigraphics
v18 part = \"" << path and name << "\"\n";
outJOUfile << "; and the exported file from Hypermesh =

\"" << path << "\\" << name << ".nas\n";
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outJOUfile << "; *Note: An empty line is equivalent to
accepting a default setting\n;\n";

// change the working directory in Fluent and import the

// mesh

outJOUfile << "chdir " << path << "\n";

outJOUfile << "file/import/nastran/" << name <<
".nas\n";

// check the grid and obtain info on it. This can be

// looked at by the user. Otherwise there is not

// significance to doing this

outJOUfile << ";\n; Check and obtain info concerning the
grid\n";

outJOUfile << "grid/check\n";

outJOUfile << "grid/size-info\n";

// change units and scale the domain
outJOUfile << ";\n; Change Units\n";

outJOUfile << " (cx-gui-do cx-activate-item
\"MenuBar*DefineMenu*Units...\")\n";

string units = AU get global units();

if (units == "NULL")

{
ucle01 ("Must have global attributes!", 1);
return;

}

if (units == "English-inches")
{
outJOUfile << " (cx—-gui-do cx-activate-item \"Set
Units*Frame3 (Set All To) *ButtonBox3 (Set All
To) *PushButton3 (british)\")\n";
outJOUfile << " (cx—-gui-do cx-activate-item \"Set
Units*PanelButtons*PushButton2 (Cancel)\")\n";
outJOUfile << "define/units/ area in2\n";
outJOUfile << "define/units/ length in\n";
outJOUfile << "define/units/ pressure psi\n";
// this will scale the domain from meters (default) to
// inches
outJOUfile << "grid/scale 0.0254 0.0254 0.0254\n";
}
if (units == "English-feet")
{
outJOUfile << " (cx—-gui-do cx-activate-item \"Set
Units*Frame3 (Set All To) *ButtonBox3 (Set All
To) *PushButton3 (british)\")\n";
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outJOUfile << " (cx—-gui-do cx-activate-item \"Set
Units*PanelButtons*PushButton2 (Cancel)\")\n";
// this will scale the domain from meters (default) to
// feet
outJOUfile << "grid/scale 0.3048 0.3048 0.3048\n";
}
if (units == "SI")
{
outJOUfile << " (cx—-gui-do cx-activate-item \"Set
Units*Frame3 (Set All To) *ButtonBox3 (Set All
To) *PushButton2 (si)\")\n";
outJOUfile << " (cx—-gui-do cx-activate-item \"Set
Units*PanelButtons*PushButton2 (Cancel)\")\n";
}

// Select solver
outJOUfile << ";\n; Select solver and models\n";
string solver = AU get global solver();

if (solver == "segregated")
outJOUfile << "define/models/solver/segregated
yes\n";
else if(solver == "coupled-explicit")
outJOUfile << "define/models/solver/coupled-explicit
yes\n";
else if(solver == "coupled-implicit")
outJOUfile << "define/models/solver/coupled-implicit
yes\n";

// Turn on energy
outJOUfile << "define/models/energy yes no no no yes\n";

// Select viscous model
string viscous model = AU get global viscous model () ;

if (viscous model == "standard-k-epsilon")
outJOUfile << "define/models/viscous/ke-standard
yes\n";
else if (viscous model == "rng-k-epsilon")
outJOUfile << "define/models/viscous/ke-rng yes\n";
else if (viscous model == "realizable-k-epsilon")
outJOUfile << "define/models/viscous/ke-realizable
yes\n";

// Operating reference temperature

outJOUfile << ";\n; Operating Temp\n";

outJOUfile << "define/operating-conditions/operating-
pressure 0\n";
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// Set boundary conditions

outJOUfile << ";\n;Set Boundary Conditions\n";
// build a list of zones

vector<string> zoneVec;

vector<string> zoneValVec;

for(int i = 0; i < gFamilyVector.size(); i++)

{

}

bool addFlag = false;

if(i == 0)
addFlag = true;
else

{

}

if

{

addFlag = true;
for(int § = 0; j < zoneVec.size(); j++)
{
if (zoneVec[]j] == gFamilyVector[i].getBC())
addFlag = false;
}

(addFlag == true)

zoneVec.push back (gFamilyVector[i].getBC())
char value string[15];

sprintf (value string, "%1f",
gFamilyVector[i] .getBCvalue())
zoneValVec.push back(value string);

// cycle through the zones and set the boundary

conditions

bool periodicBCset = false;
for(i = 0; 1 < zoneVec.silze(); 1++)

{

string bc = zoneVec[i];
if (bc == "wall")

{

}

{

outJOUfile << "define/boundary-conditions/zone-
type wall wall\n";

outJOUfile << "define/boundary-
conditions/wall\n\n\n\n\n\n\n\n\n\n\n\n\n\n";

if (bc == "mass-flow-inlet")

outJOUfile << "define/boundary-conditions/zone-
type mass-flow-inlet mass-flow-inlet\n";
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outJOUfile << "define/boundary-conditions/mass-
flow—inlet\n\n\n" << zoneValVec[i] <<
"\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n\n";
}
if (bc == "pressure-inlet")
{
outJOUfile << "define/boundary-conditions/zone-
type pressure-inlet pressure-inlet\n";
outJOUfile << "define/boundary-
conditions/pressure-inlet\n\n\n" << zoneValVec[1i]
<< "\n\n\n\n\n\n\n\n\n\n\n\n";
}
if (bc == "pressure-outlet")
{
outJOUfile << "define/boundary-conditions/zone-
type pressure-outlet pressure-outlet\n";
outJOUfile << "define/boundary-
conditions/pressure-outlet\n\n\n" <<
zoneValVec[i] << "\n\n\n\n\n\n\n\n\n\n\n";
}
if (bc == "velocity-inlet")
{
outJOUfile << "define/boundary-conditions/zone-
type velocity-inlet velocity-inlet\n";
outJOUfile << "define/boundary-
conditions/velocity-inlet\n\n\n\n\n\n\n" <<
zoneValVec[1] << "\n\n\n\n\n\n\n\n\n";
}
if (bc == "symmetry")
{
outJOUfile << "define/boundary-conditions/zone-
type symmetry symmetry\n";
}

// need Non-Conformal Periodic Zones boundary

condition
if (periodicBCset == false && (bc == "periodic-A" ||
bc == "periodic-B"))
{
periodicBCset = true;

//first set the bc to an interface zone

outJOUfile << ";Creating non-conformal periodic
boundary condition\n";

outJOUfile << "define/boundary-conditions/zone-
type periodic-A interface\n";

outJOUfile << "define/boundary-conditions/zone-
type periodic-B interface\n";
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outJOUfile << "define/grid-interfaces/make-
periodic periodic-A periodic-B\n\n" <<
zoneValVec[i] <<"\n\nperiodic\n";
outJOUfile << "define/periodic-
conditions/pressure-gradient-specification\n\n"
<< AU get global x flow direction() << "\n"
<< AU get global y flow direction() << "\n" <<
AU get global z flow direction() << "\n\n";

}

// Set up solution controls

outJOUfile << ";\n; Set up solution controls to start
converging solution\n";

outJOUfile << ";Turn off turbulence and energy equations
initially\n";

outJOUfile << "solve/set/equations ke no\n";

outJOUfile << "solve/set/equations temperature no\n";

outJOUfile << "solve/set/under-relaxation pressure
.15\n";

outJOUfile << "solve/set/under-relaxation density .5\n";

outJOUfile << "solve/set/under-relaxation body-force
.5\n";

outJOUfile << "solve/set/under-relaxation mom .35\n";

outJOUfile << "solve/set/under-relaxation k .4\n";

outJOUfile << "solve/set/under-relaxation epsilon .4\n";

outJOUfile << "solve/set/under-relaxation turb-viscosity
.5\n";

outJOUfile << "solve/set/under-relaxation temperature
.5\n";

// Initialize the domain

outJOUfile << ";\n; Initialize the domain\n";

outJOUfile << "solve/initialize/compute-defaults all-
zones\n";

outJOUfile << "solve/initialize/initialize-flow\n";

// Set up monitors

outJOUfile << ";\n; Set up the residual monitor\n";

outJOUfile << "solve/monitors/residual plot yes\n";

double conv crit = AU get global conv criteria();

outJOUfile << "solve/monitors/residual convergence-
criteria " << conv_crit << " " << conv_crit << "

"o,
14

outJOUfile << conv_crit << " " << conv_crit << "\n";
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