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Abstract

Within the research field of computational fluid dynamiesginees may employ a
computer program known as NASCAFRGT which has been developed here at Georgia
Tech by Dr. Stephen Ruffin. NASCART-GT generates &artesiangrid around a
specified geometrandat every intersecting gridoint a calculation is performed. i8a
calculations are used to find drag, density, Mach number, pressuik@aaous effects of

the flow. A specific procedure is followed in ord&y perform these calculationsthe

first orderis to input the geometry Geometry data ibasically a set ofoordinates into

an unformatted data file such as Notepadg then flow numerical scheme, and grid
variableswere imputednto another like file. Some of the flow variables usare Mach
number, pitch or angle of attack, yaw, temperature J.efPastexecution of the program
visualization softwre such as Fieldview usedto analyze a visual representation of the
flow. If the visual results are accurate then all of the NASCART output files are
catalogued In addition to flow simulationghere hae beerseveral logosreatedor the
NASCART-GT program as well asa database of various flow cases for the purpose of
validating the NASCARTGT software. In conductinghe research, one must learn to
utilize several computer programstrinsic to the fest growing field of computational
fluid dynamics. The research stated herein would not have been possibleut the
assistancefDr . St ephen Ruffin and the helbn of

Jin.



Introduction

The practice of @mputationalfluid dynamics (CFD)is employed bya variety of
differentindustries. CFD has manypplications inndustrial automotive civil, naval,
and aerospace engineering. In the industrial as@&d is used to determine flow
parameters incast iron moldingand the manufacturingurbine engines. In the
automotive section inay be utilized in ordeto determine flow aroundnd through
vehicle bodiesand engines In the civil sector CFD may be employed in the
rheology of rivers, lakes, plumbing, etdNavd CFD includesthe calculation oflow
around submarine and torpedo bodied/ithin the field of aerospaceCFD may
produce data pertaining to fluftbw around airfoilsand full wing/body geometries
This researclpaper coversunning validation test casusing 3D and 2D geometries
such as the DLHF4 fixedwing geometry antdNACA 0012 airfoilin a CFD program
code entitledNumerical Aerodynamic Simulation via CARTesidBrid Techniques
(NASCART-GT). It wasrequired to design several logos for the NASCAgbOe

In order to proceed with the research, it was necedsargake use ofseveral
programs such as nt el | i g €ieldviewl8? fgrhwindlmvs Catia V5, and
NASCART-GT itself. Theresearch has alsmlled upon relatively simple functions

located wihin Microsoft ExcelandMicrosoft Word.

1 abranch of physics dealing with the way matter flows and changes shape

% a grid that becomes more refined at cells closer to the geometry body

3 visualization software that enables the user to supplement NASEARTIs numer i cal data outop
visualscalarrepresentation



Problem Definition

Flight Regimes

Testing the airfid consisted of runninglumerous test casésr a sweep of various
flight conditionssuch as M ¢ h N u mb and an@lévidd attacks )U Mach numbers
ranged fromD . M©® O 50 . Angl e of —®t tl &6€ck sumbenisiged f r «
the speed of an object relative to the speed of sound. The speed of sound is a variable
relative to articles suchsdlow density, pressurand temperature. There are three Mach

number rangesSee figure 11.

Range MB Mi IMD Max.
Subsonic 0 0.8
Transonic | 0.8 1.2
Supersonic | 1.2 5

Hypersonic | 5 -

(Fig. 1-1) Mach Number Ranges
Angle of attack or pitch is the deee difference measure of thefoil in relation to the
freestream flow. The aforementioned variables were key to accurate validation. One
must first comprehend flow properties associated compressible and incompressible flows.
Compressible flow is dreestream flow that is traveling atigersonic and hypersonic
levels; since the flow is traveling at such a high speed it becomes more dense than normal
therefore becoming compressed. Incoesgible flow is in the transonic and subsonic
ranges. Incompssible flow iswhere the flow is not traveling fast enough to become
compressed.The difference between compressible and incompressible flow can best be
demonstrated through t he Seesgpendiffigweslaodr maps ¢C

1-2.

freestream flow refers to conditions that are Db in f



Geometris:

The geometriesthat one inputs into NASCARIGT are insertedvia numerical
input or by importation from a computer aided design (CAD) program such as Catia. The
primary geometry used for the validation of NASCART is designated NACA 0012.
NACA stand for the National Advisory Committee for Aeronautics; this organization
was the precursor to NASA. The numerical identification shows that the airfoil has a
symmetrical aspect rafias expressed by the first two digits (00) and that the airfoil has a
thickness of twelve percent as illustrated by the trailing digits (12). The NACA 0012 is a
baseline airfoil that is widely used in the aerospace community hence why it was chosen

to be the main test geometry for NASCARSee Figure 2.

(Fig. 1-2) NACA 0012

NASCART-GT was built to handle severdifferent types of geometrigsclusive of3D

geometries. The SHARP program has tested two different 3d geontbiiéisst a fixed
wing aircraft dubbed the DLIR4, andthe second i& model of Buzz the Georgigech

Mascot.

1t he ratio of the | ength of an aircraftos wing

edge of the wing

t
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(Fig.1-3) Buzzo6s Mesh -4) DLR-F4 Fine Mesh

Buzz s mentails approximatelyd3,000polygonsand is not symmetrical. Two
versions of the DLH4 were created, a fine mesh for computatigu@aposes which
contairs 38,569 cells, and eoarsemesh of approximately 4,350 cells for troubleshooting
purposes. Both DLFE4 geometries are symmetrical on the y = 0 plane, effectively

doubling their polygon count.

NASCARIGT, Computational Grid, and Guputer Aided Design

A solution adaptive, Cartesiggrid based flow solvelNASCART-GT generates
an orthogonal, Cartesian grid around complex single or multiple geometries in an
automated fashion.A variety of input formats are availabiacluding simplex,y,z
coordinates of surface nodes, CBfid5 files, andPLOT3D™ surface files. Structured
grid basedCFD programs often require significamhanhours, substantial human

interaction andan expertisein grid generation. NASCARGT 0 s aut omat ed



generéion and flow solver minimizes these issues while conducting-fiighity flow

analysis. After NASCART-GT generates the-B or 2D computational grid, either

inviscid or viscous, ideayas flow is computed for any Mach number range. NASCART

GT performs daptive mesh refinement (i.e. solution adaptation) in high flow gradient

regions to yield high accuracy and efficiendyASCART-GT6s governing equat
the Euler Equations, Euler + Integral Boundary Layer Equatiandthe NavierStokes

Equation. Roe6s Approxi mate Ri emanrn2’ o3 order may b

accurate Inviscid Fluxes. Navier Stokes viscous fluxes either fully laminar or fully

turbulent utilize the Baldwib o max t ur bul ence model . Thwai t ¢
Mi chel BisolCrti d ei dentify transition, Headobs me
criterion are integrated into NASCARGT 0 s I ntegr al Boundry L 8

NASCART-GT reports all surface flow conditionand he time history of force
coefficients and convergeacresidualsto its respective output files The grid and
solution may be visualized using the VISCART program or by using FIELDVIEW
(after use of the NASCARTOFV file converter). VISCART and NASCARTOFV are

included with the download of the NASCARGJT flow solver.

Objectives:

The two main objectives of this research waveimprove NASCARTGT by
running a number of twand threedimensional geometries and to prove tNASCART
is an accurate software packade order to accomplish these main objectivieere were
several smaller objectives to be completddrstly, an amount of background reading

was required. A data base was created containing vaseidimensionaland three



dimensional test cases from outside sources. The next objective wasNACA 0012
NASCART-GT test cases and document the results by means of numerical data, graphs,

and color map#cluding variables such as pressure, Mach number, temperature, density,
stagnation enthalpyand stagnation pressurét was also very importarto test the grid

generation abilities of NASCARG T , such as 1 todos adaptabilit
resolution geometries such as mascots. addition, toval i dat e NASCARTOSs
dimensional aspecthe DLRF4 geometrywas to be computed and the resclisnpared

to those of theAmerican Inditute of Aeronautics andAstronautics (AIAA) Drag

Prediction Workshop.

Method of Solution

Background Reading:

All of the background reading that was required for this research was taken from
listedreferences CFDis a very complex field and it takes one years to learn the trade.
However, since this research was only over
method was used.

Test Case Catalogue

In order to create a test case database odlt@sources wersummarized and
data was placed into an Excel spreadsh@&ée data catalogue contained information on
experimentatata, compute results references, flow type, geometry description, boundry

layer specifications and other variabléghe data base contaitwentynine separate test

1 a thermodynamic property equal to the sum of the internal energy of a system and the product
of its pressure and volume



cases and covers approximately eight pages. This information took approximately three

weeks to compileSee Appendix.

NACA 0012 Cases:

The NACA 0012 test cases covered the bulk of the researthig@roject. Over
100 sparate cases were run in NASCART. In order to run a test case in NASCART one
must first input geometry data-he primarytwo ways to input data into the program; one
is inputting the data grid point by grid point; the second method is to input the ggomet
via Catiaby generating a surface mesh an exporting it into a .DATEer inputting the
geometry data one must specify variables governing the flow, grid, and the numerical
scheme. All of these input variables are contaiwgdin a Notepad data fildesignated
INPUT.DAT. This input file is where one inputs flow variables includw® , U, vyaw,
freestream density, whether it is a viscomsinviscid® flow. Some of the grid variables
include options that specify whether the geometryDio2 3D. Others allow the user to
specify the minimum and maximum values of the computationahadn The
computational domain is the fAbox0o that 1is ge¢e
the grid. A feature that is unique to NASCART is the ability to automatically generate a
grid around agiven geometry. The process of automatic grid geimmmamakes
NASCART run slower than if a grid isput manually due to the fact thifse program is
constantly refining the grid around the geometry. Some other grid variables include
specifying how often the user wants NASCART to write out a solution atilaptand

refine the grid. The numerical scheme variables specify when a restart file is to be

! used to describe a fluid that has a relatively high resistance to flow
2 having zero or negligible viscosity

1C



written. Depending on the complexity of the case being computed one should set the

restart file to be written at the end every 500 iteration set. For eaehhesae are about

25 output files which are all in data file format. Omeay use Fieldview to generate a

visual representation of the geometry and flow. NASCARIT files are not compatible

with Fieldview so t heisreadilyaeldbla tAfterrunfingghe car t of i
translatora f i | e des iewg.nuantsead ifiskFicerledavtied whi ch can |
as an unstructured data file. Graphwmalalizations (graphspaybe generated in Excel

The main variable thdtas beerplotted was pessure distribution (@. Cp was plotted

by exporting the data file fAbodytab. dato i
spreadsheet it mu s t be sorted by the value
positive and negat i viomwhen the @valles arescollectivEih e dat a
|l arger is the | owerLowerf,adc earnd tthhe dpdtrd osét |
values is the Wpmperr. surNatcee tilCat | f pt he ai r |
will be equal for both sides ofi¢ airfoil since there is no lift being generated. The area

of low pressureas shown in the color floods, on the upper surface of the airfoil
represents what i s known as fithe sabegti on pe:
the upper surface ohe airfoil is being generatedThere is a similar peak on the under

side of the airfoil as well; this represents an area of high pressure, these areas of pressure

must be present in order for the airfoil to function properly. Color floods were also

geneated through the use of Fieldview. Floods for density, pressure, temperature, Mach

number, stagnation Enthalpy, and stagnation pressure were documented. In addition to

graphs and color floogdseveral video clips wergeveloped to illustratsetreamlinesand

11



sweeps of the grithroughthe airfoil. See Appendix A for graphs and Appendix B for
color floods.
Buzz:

To the knowledg®f the authorsthe Georgia Tech mascot Buzz has never before
been modeled thredimensionally and had itBuid dynamics calclated. Though he
ultimate goal of incorporating Buzz into NASCARJT was to create a software logo,
his intricacies as &ollege mascot(antennae and a stinggojovided for testing and
furtheroptimizationof the NASCARTFGT code The geometry was basagdon a picture
recovered from The (Unofficial) Buzz Image Page, and a visually approximated

reproduction was created using Catia.

(Fig. 21) Original Buzz (Fig-2) Catia Buzz

The first step of buzz replicatiopmmmmmn

~

was to create a
which to base his body off of. This wa
done by simply creating a series of poi
and connecting designatepoints with

lines. Once this base shape was develop

NEES @0, @ wTEesAQsTeEE =88 6 . )

Buzz©os body geomet iy wa > aul e Lu v'e
(Fig 2-3) Buzg's “Spine”
fabricated using simplgeometricshapes such as spheres, cones, and cylinders. His

dimpledfootball-slice head was created using a series of points with aedplim across

12



them and put into a 180° rotation. The jaw was then created using this same principle but

based upon a spline of smaller scale.

Il n order to create a s ph-dawemenulacates inmay

(v
E

e Gh e e Lok i e

the upper left corner of thecreen and g

BURIRE

navigate to Shape>Generative Sha

2B U\,

Design. Once here, locate the sph

creation tool on the right pane

WIBSHe 2O

designate a point and a radius, and

L3

REIDNB

sphere is created.

o
el

NEES @0 @ wEEsAQ,TREE KR8 B« ¢ 8
T wss s v e e Sorve s

To perform revolutions, one (Fig 2-4) Sphere Creation

would navigate to the same tool panel s
that of he sphere creation tool a
locate the revolution tool. A revolutio
requires a minimum of two bas

elements, firstly an object to revolve

and second an axis with which
{Fig. 2-5) Revolution Tool

revolve around. Once the revolution is

i

S N T

performed, a surface will be created.

TG

The final and primary tool usec

s

20 vy

in the creation of Buzz was th

translation tool. The translation too

LuPD iR

located within the same tool subset,

RESINA

duplicate an object and allow for th* =~ =~ © - .

[CTr T o 1o 1 o s

{Fig. 2-6) Eevolution

o
B
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duplication to be translated, or moved, along the X, pummmr=

andbr Z axis. This tool was highly useful as it allowed fc

a single sphere or other object to be created, duplicated

altered as opposed to unique objects being entered at €

step. (Fig. 2-7) Translation

Once the buzz geometry was completed, a surface mesh was agpieadnesh
tool can be located by navigating within Catia to Start>Analysis and Simulation>
Advance Meshing Tools, selecting AStatic Me:
tool located on the right panel. Because Buzz is ndéiked-wing geometry with
statisti@al value, it was acceptable for him to contain a sloppy geometry. All parts of

Buzz were meshed as one piece and this resulted in many intersection pdgyanse

[S]CATIA VA . [buzmesh CATANRysis) EEx

.

P Aratyas Marager
e Lirks Maroger. 1

marks and Settings\jude\Desktoplbuordosed CATPart 5

1

THEBRESLY BRES

(Fiz. 2-8) Buzz's Completed Mesh
14



there were, however, no holes in the geomepSCART-GT accepted this body

geometry angbreformedflow calculations.

DLR‘ F4. a7 1 [T d

et ooe et

The DLRF4 FixedWing

geometry was obtained via .IGE
file from the
Prediction Workshop. The first tas
was to import this file into Catia an¢® e ME—

generate a surface mesh which co

then be impord into NASCART  Fig. 2-5) DLE-F4 Onigonal Geometry Top

S o ose et

GT. The initial geometry was foun
to be half of the aircraft, oriented o
the Y=0 plane. The geometry wg

composed oforty surface panels anc
one face. The wing was not

connected to the fuselage, mere

protrudingthrough (See Figure-21). : : :
(Fig. 2-100 DLE-F4 Ongonal Geometry =ide

(Fig. 2-11) DLR-F4 Wing Protruding (Fig. 2-12) DLE-F4 Origonal Geometry Face

15



Before meshing could begin, several flaws in the geometry needed to be repaired.
NASCART-GT i snoét capabl e of computing objects
attempting to compute a hollow shell will fail. Holes igieengeometry woulgproduce
such an affect, and so gaps must be compensated for.
Discounting the open face on the XZ plane, there were
three holes in the geometry. The first located at the

nosecone; an oddly

triangular gap requiring

delicate patchwork.  The

(Fig. 2-13) Nosecone Hole second at the #lacone, a
half circle. And the third, a thin slit along the entire traili

edge of the

(Fig. 2-14) Tail Cone Hole
wing. In an effort to maintain the

accuracy of the model to the greatest

extent possible, these holes were fixed

by (Fig. 2-15) Wing Slit merging the adjacent polygons to compensate for

the gap.Lines were created based upon points at the edges of the gap which closed in the
figure. Once the anomaly is contained to a single plane, the fill tool may bridge the gap.
To operate the fill tool, select the appropriate button, and then tag-phamar lines or
curves until a closed figure is formed. Once the figure is closed, execute the fill and the

gap will be filled. Here is the tail cone problem as an example:

16



r

o
Poink 1: |SUR44S4iVertex=,3

Poink 2: | SUR42S01Vertex 4

ODRDSH L 2O DBJ NN, -

% e
?v
M
=
(Fig. 2-16) Foang a Heole
Two points are tagged for line creation,
7
&L &l : SE;\/‘EQD\EdgE.l o =t
b SUR4290\Edge.2
SUR4200\Edge.3 EJ
SUR4290\Edge 4 he
SUR4392|Edge.5 2&
SUR4494|Edge.6
SUR4494\Edge.7 &
SUR4494|Edge.8
dge.
)
Addafter I Replace l Remove l p
AddBEFDrEI REE\EEESUEEWI I RemoveSupport -
| o
Passing point: [1g selection =
O £
< 2 Cancel | P @_
@
15
2

@ L = % B & fomntoys |

{Fig. 2-17) Mended Tail Cone
and then the new line is empgkd to complete the figure and execute a fill. It is

unknown as to exactly what the geometry should conform to at these locainohso
one can only hope to have followed the original design as closely as possible. With the

tail cone mended, the othgeometry faults may be repaired using the same methods.

17



The nosecone issugas significantly more complicated than the tail cone and reduire

several fill operations to be performed.

SR ®

/ =
+ / I7%G
(AT 10)
5

Fill Surface Definition

Boundary:

e | Curves | supports
1 Spine.2

2 SUR2253\Edge.78

3 spline.1

Addafter I Replace, I Remove.
AddBefore l ReplaceSupport l RemoveSupport:

Passing point: [ selection
O

MBI O|IRB I N N -

k] ® concel | _preview |

DD S

TAFil 16 \ ) L
A, 17

A il 15

A Fil. 19 B,
A il 20 &
= -

{Fig. 2-18) Mended Nosecone

SRR

= A Lin:
’t@ﬁ\l‘
=L

=Ly

0O BB NN

-

’f @.
Fill Surface Definition 23 &

Boundary: =
e | Curves | supparts x
| SURLIZA\Edge.B5
Fill. 17\Edge. &6 @ Open_body.l ¥
SUR92E\Edge. 87 ~
Line.24

addafeer | Replace | Remove |
AddBefore l ReplaceSupport I RemoveSuppart: l

(Fig. 2-19) Mended Wing Slit
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With the geometry now mended, a mesh was applied. Eachdodivjeometry panel

must be selected for meshing, and numerical logic applies to what order the panels must
be selected. It is advisable to apply meshes to the more intricate panels first and
generally work towards the larger and more easily adaptablelspafollowing this
method, a full and flawless surface mesh was generated. The polygon size from the
nosecone to the midsection started at 10mm, increasing to 50mm, 100mm, and finally
200mm for the midsection. The tail initially holds polygons measur@rgm, increasing

to 25mm, 50mm, 100mm, and then joining with the midsection. The wingtips and
trailing edges hold polygons as small as 5mm, jumping to 50mm for the thicker sections
of the wingtip, and then f i nadntlfoytheleadinggm f
and trailing edges and profiles to have a high polygon count and thusly be smoother and
well defined. All other areas, such as the midsection of the fuselage, have relatively little

effect on the airflow, and so may be meshed as &epkavel.

[3] CATIA V5 - [Analysis1.CATAnalysis] [E=E
ser

@ Fil. 15

1488 Fil 16

@ Fil.17

il 18

1t | 10

85 il 20

i Fi 21 : ”

% Fil.22 I%%%%///////j?%

% '%M%%M%@
//,/’j{r%%///////////ll/fl///flfﬁf///{/
Ji _

1

it

i
!!!!!mﬂmﬂm{{l,"'{' IIIIIIIIIIIIIll‘II'.

BPES

Z®IBES DN

ul!ll\l{l\l\ll\ll i

A
Wi,
T
m\\\m\\\‘:&\\

(Fig 2-20) DLE-F4 Fine Mesh
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With the mesh completed, the DRI geometry was exported to NASCAFRSIT.

Results and Discussion

NACA 0012:

Computed results for the NACA 0012 test cases are quite extensive. The majority
of the results are in the form of a graph or a colop.rS&e Appendes A and B.Data
that was gathered through the test cdwes beercompared to published results from
NACA, AGARD and AIAA. Numerical results and reference data were graphed and
compared. The results of the comparisons showed that NASEARIE an accurate
flow solver at MBOO. 4. At MPOO0O.4 there

visible in the resultsFigure 4-1 and Figure 42.

Cp Distribution M0.3a0

X

-6.00E-01

-4.00E-01 —gAin = _u
e /- % .
2.00E- -
000E{00  200E-01  400E-01  600E-01 ¥ B.O9KQL ~ 100E+00  1.20F+00
0.00E+00 = * * * ! ‘
[ l\
2.00E-01

4.00E-01 = Doenhoff

o —— NASCART
O

6.00E-01

8.00E-01

1.00E+00 =

1.20E+00

(Fig. 41) Pressure Distribution (Cp) Comparison NASCABT and Doenhoff \§
=0.3 =0
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Cp Distribution M0.4a0

-6.00E-01

-4.00E-01 -

-2.00E-01

0.00E$O 2.00E-01 4.00E-01 6.00E-01 4
0.00E+00 4 ! ! !

1.00E+00 1.20E+00

2.00E-01
—— NASCART

Cp

4.00E-01 A Doenhoff

6.00E-01 l

8.00E-01

1.00E+00 4

1.20E+00

(Fig. 42) Pressure Distribution (f) Comparison NASCARIGT and Doenhoff
MB=0.4U=0

Each peak in the NASCARGT data represents an oscillation near the surface of the
airfoil. As one can see the oscillations have dramatically lessened due to the slight
i ncr eas & bathncaststhowever the two lines follow the same basic curve which
is good, that indicates that NASCART is correctly calculating thefGhese cases. The
oscillation problem should be easily corrected. NASCARIT calculate<p through the

use of stface area; the majority of other flow cases are computed using'ch@pdcan

be converted as:

Cp= (NASCART @) (Source @) / NASCART Surface Area

! the shortest distance beten the leading and trailing edges of an airfoil

21



Cp Distribution M0.85al AGARD & NASCART

=15

— Cp_Upper AGARD
= Cp_Lower AGARD
— Cp_Upper NASCART-GT
® Cp_Lower NASCART-GT

15

(Fig. 43) Cp Distribution Comparison NASCARGT and AGARD Mb=0. 85
The above plot shows thepCelationship between NASCART and AGARD. This case
was run at MP=0.85 and U=1. The NASCART
which shows that the NASCART series generating significantly less lift than the
AGARD series. Also the NASCART data drops off earlier than the AGARD data. This
could possibly be attributed to difference in chord of these two tested airfoils. Aside
from the oscillations in low level incgmnessible flows the color floods showed accurate

resul ts speciSdeiAgpentdioB. MB and U.

22
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Buzz

(Fig. 44) Buzz
Given that the ultimate goal for the Buzz geometry was to create a visually
appealing design, it appears that the method has beeccessu The grid generation
process for such an interesting geometry proved to be a challenge, however the success of
the gridis sortofamarveShown above is Buzz6s computatio
number. Buzz is flying at Mach 25. Buzz is geteng several shockwaves, as
illustrated by arcs in the grid, and is significantly slowing down much of the Mach 25
airflow he is facing as depicted by his coloring The grid refinement shown is quite
impressive; should NASCARTGT determine that within aiven grid cell there is
relevant data too intricate taelexpressed by the single celien thecell is split into

f ourths and t he new cell s ar e reeval uat ed.
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