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WORKSHOP ON AIRCRAFT SURFACE REPRESENTATION FOR AERODYNAMIC COMPUTATION

PROGRAM

March 1, 1978

8:30
8:40
8:55

Welcome
Workshop Du:tails and Overview
Workshop Cbjectives

REQUIREMENTS IN AIRCRAFT SURFACE REPRESENTATION

9:15
9:35
10:10
10:30
10:50
11:10
11:30
11:50
1:10
1:30

""Geometric Modeling in Conceptual Design'

"Airplane Surface Descriptive Geometry Requirements*
"Aircraft Configuration Modeling'

""Geometric Effect on Internal Flow Computations"
"'"Geometry Requirements for Unsteady Aerodynamics'
"“"Flow Field Grids"

“Numerical Aerodynamic Simulation Facility"
""Machine Shop and Wind Tunnel Model Reguirements"
"Graphics & Geometry Considerations in IPAD"

Panel

METHODS OF SURFACE REPRESENTATION

2:30 ‘"Mathematical Techniques for Surface Definition" -

2:50 "Wisual 3D Interaction with Parabolic Blending'

3:30 '"Point Thinning for Graphical Representation'

3:50 "Parametric Cubic Surface Representation"

4:10 A Solution to the Surface Intersection Problem'

4:30 '"Generation of Geometric Input for 3D Potential Flow Programs"
4:50 Adjourn

March 2, 1978

8:30 "Body Oriented Mesh Generation for 3-9 Flow Fields"

8:50 “"Boundary Fitted Coordinate System Using Tension Splines"
9:10 “"Tchebycheff Approximations for Surface Definition"
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D.
H.
J.

Roberts/Ames
Ashbaugh/Ames
J. Grzgory/Mmes

E. Divan/Rockwell
Wallace/Boeing

R. Clark/Analytical Methods
Kao/lLewis

Yates/Langley

L. Steger/Ames

L. Carmichael/Ames

R. Mann/Ames

E. Miller/toeing

M. Staley/Univ. of Conn.
Anderson/Purdue

R. Rau/Langley

P. Roland/Informatics
Timmer/McDonnel1-Douglas
L. Hess & D. Halsey/

McDonnel 1-Douglas

l.
L.
R.
H.
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C. Bhately/General Dynamics
L. Presley/Ames

E. Smith/Langley

Hoy/Ames
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Program (Contd,)

GEOMETRY SYSTEMS IN USE

10:50 "IPEGS-Interactive Parametric Equation System' J. Ashbaugh/Ames .
11:10 "|CAD-Interactive Computer Aided Design' E. J. Brown/USAF-ASD ;
1 11:30 "QUICK GEOMETRY Representation of Surfaces" A. Vachris/Grumman :
- 11:50 "Interactive Input for QUICK GEOMETRY" J. C. Townsend/Langley '
1:10 ""Lockheed Georgia Aerodynamic Pareling Program' L. Haverly/Lockheed-GA. !
1:30 "Interactive Surface Design' M. A, Dincau/Lockheed-CA. !
1:50 YACAD-Advanced Configuration Analysis and Design' T. Weir/Northrop !
2:10 "Interfacing Aerodynamic Programs to AVID" A. W. Vilhite/Langley :
2:50 Panel f
3:50 Summary T. J. Gregory/Ames
4:10 Adjourn
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This discussion will describe the Workshop objectives,
some of the reasons for holding the Workshop, and the
emphasis that we'd like to maintain throughout the
program.

T. J. Gregory
Vugraph #1
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The Workshop origins began about a year ago and became clearer last
Septemter in a meeting of NASA, Air Force and Navy representatives in
Washington. At this reeting, the plarning for the new aerodynamic
paneling technique embodied in a system ~alled FAN AIR (Paneling
aerodynamics) was becoming finalized, Basically, it was recognized by
those involved that the new aerodynamics techniques could use more
detailed surface definition beyond that which was typically used. The
next slice irdicates that a realistic and complex aircraft configuration
can be defined in terms of small quadrilateral panels that are the basis
for the new panelinc techniques. This technique is based on the fact
that pressure on each panel can be computed as a functicn of the free
stream flow cenditions and the inclinatior of tho parel as well as the

inclination of the surrounding panels. The resu': is = large linear

algebra problem that is sclvatle by the more powerful computers. Peferring

back to the last slide, it was apparent thet significant resources vere

going into geometry defirition and that, in fact, more resources were planned

and being requested. Also, there were rany alterratives in the proposed

approaches and the extensions and enhancements to these alternatives provided
a wide variety of options. At this point the picture v.as unclear with regarc

to selecting particular options and it was felt that it was time to stop and

survey the whole activity. Hence, the interest in holding this Workshop.

T. J. Gregory
Vugraph #2
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T The specific objectives of NASA Headquarters were that the Workshop

» that is

» exchange information

< in surface representation

of view regarding commonali ty
Workshop could initiate

that the aerospace communi ty may desire.
cipating

refe,-

Again, we wanted induétry parti

Point of view with regard to p
Secondly,

in defining any consensus

T. J. Gregory
Vugraph £p4
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The Workshop objectives at NASA Ames include those just discussed
and additional ones. First, our primary function is to develop new

technology in aerodynamics and if this involves geometry or surface 11
R representation then that is an area of interest and activity for us.
- We'd also like to have the aerodynamic and geometry technology used

by the =erospace community and that means having their opinions and

ideas included at the early stages of this development process.

L Finally, | think the key motivation for the Ames aerodynmists is to

have a ''painless' geometry package which we can use for technology

development in aerodynamics. Certainly if the Workshop can provide
us with new ideas, direction, and approaches that would lead to
accorplishing this latter objective, then the Workshop would be
most ben~ficial for us.

T. J. Gregory
Vugraph #§ &
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The next slide suggests that all the attendees at tre Vorkshep

would tenefit from a survey of the field and vouid provide ar

opportunity to show the capability ir eact organizatien. Both of

these are important for those interested in participating in
# NASA sponsored development of the technology. In general,
g probably the most direct tenefit for all attendees at tne Workskop

t 3 will be to gain information or ever software th.t may be of

T. J. Gregory

Vugraph #ff
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immedi ate value to their own efforts in aircraft surface definition.
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Prior to starting the first panel session, 1'd like to describe some
terminology that will be used throughout the next two days and
emphasize what we mean by aircraft surface representation. There are
two types of surfaces of interest, aircraft surfaces and surfaces
within the flow field. Aircraft surfaces can be defined by a heirarchy
of elements. The first element is a component such as a wing, body,
nacelie, etc. that in turn can be described by surface patches. These
are described by either systems of equations, points, or functions.

The patches can be further subdivided into panels as indicated on the
earlier vugraph of a co.plete aircraft configuration. These parels and
the patches can be described in terms of the edges or curves along the
boundaries, but the panels are sufficiently described, for aerodynamic

paneling computations, in terms of points at the intersections of their
edges.

Flow field surfaces are needed to define such items as shock waves, vortex
sheets, separation bubble areas, etc. These are of major importance to
the aerodynamists and will become more important as we get further intc

this technology. The same heirarchy of elements mentioned above can
apply to flow field surfaces.

T. J. Grego
Vugraph 7{y

g L e e

s

R

D . T O T P

f



VA LD ST STUWE -HSEN
AKYO97Y9 UL

9909 NOUHYYIITS )
277K XTLFOA
ZRIIIPS G174 77977 (2

SIMIGS
STITT |

| | CITNE S N

SIHIIS S

M SINTNOSEIC2

FIANNG LSEHINE ()

RIO7O0M/LTL J

B s B et




There is another field of major importance to computational aerodynamics
and that is the definition of a flow field volume (i.e. solid). This is
usually done by means of grids and meshes in the flow field that are
divided by either uniform spacing in the simpliest case, or by stream-
lines or other distributions, These are used to make finite difference
computations using the fundamental partial differential equations in
aerodynamics. These finite differences computations are an emerging
field in aerodynamics and generating significant interest within NASA.
Again, the emphasis in this Workshop is on surface definition and not

on flow field volume (solid) definition. Perhaps the specialists in

this latter field will generate a workshop in the future.

T. J. Gregory
Vugraph #g;
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To reiterate, the Workshop emphasis is on surface representat
and its integration with aerodynarr

ion
ics, computers, graphics and

wind tunnel model fabrication as well as flow field grid generation,

It's our intention to try and
focus the discussions and papers at the Workshop on surface
representation and to defer detailed discussions of these other
items to other workshops or conferences.

but none of these items per se,

T. J. Gre ory
Vugraph #,
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ARBITRARY CAMBER AND TWIST

SYSTEM CAPABILITY

—— _/
( GEOMETRY )
ARBITRARY P'ANFORMS "ONTROL SURFACES
NONPLANAR OPEN / CLOSED BODY
MULTIPLE SURFACES ARBITRARY CROES - SECTION

CENTERLINE AND OFFSET BODIES

( ANALYS ls)

SUBSONIC AND SUPERSONIC SPEEDS
PRESSURES - FORCES - MOMENTS
STATIC AND ROTARY DERIVATIVES ( PITCH - YAW )
TRIMMED DRAG USING CONTROL SURFACES
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MODELING SCHEME

A

STACKED CROSS SECTIONS

COMPONENTS
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SURFACE COMPONENTS

N

VERTICALS - CANARDS
HORIZONTALS

WINGS -
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INTERPOLATE SECTION

¥\
INTERMED IATEJ
t @sxz BROKEN SPLINE ROUTINEU
Q FINDS BREAKS '

LONGITUDINAL LINES
INTERPOLATES INDEPENDENTLY BETWEEN

BREAKS
QBODY COMPONENTS)

INTERPOLATES TO SPECIFIED X-STATION

(_ SURFACE COMPONENTS )
INTERPOLATES TO SPECIFIED 2v/B
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CURVE FIT SECTION SEGMENTS

((LEAST SQUARES SMOOTHING )

2-10TH ORDER SMOOTHING
I L. E. RADIUS POLYNOMIAL FOR AIRFOILS

(_THIRD ORDER SPLINE FIT )

CONTROLLED AND UNCONTROLLED END SLOPES

(_SEGMENTS CURVE FITTED INDEPENDENTLY )

.

(_WEIGHTED POINT SPACING )

BASED ON FIRST DERIVITIVE
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LIFTING SURFACE SOLUTIONS

(_UNIFIED DISTRIBUTED PANEL SOLUTION )

REQUIRES

PANEL DEFINITIONS

CORNER POINTS
CONTROL POINTS
PANEL CENTROIDS
PANEL AREAS

SPANWISE TWIST DISTRIBUTIONS

CAMBER AT EACH CONTROL POINT

THICKNESS AT SPECIFIED CONTROL LOCATION
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INTERFERENCE SHELL BUILDUP

N

(ACCOUNT FOR INFLUENCE OF SURFACES ON BODY)

CONSTRUCTED BY USER WITH AUTOMATIC SURFACE ATTACHMENT
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WAVE DRAG

— — 7

@SE SURFACE AND BODY GEOMETRY DIRECTLY)

(DISPLAY AREA DISTRIBUTIONS AS A FUNCTION OF ROLL ANGLE)

(DISPLAY DRAG VERSES ROLL ANGLE AND MACH NUMBER)
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VISCOUS DRAG

————— 7

(INTEGRATE WETTED AREA FROM SURFACE AND BODY GEOMETRY )

(PRINT DRAG AS A FUNCTION OF COMPONENT )

(DISPLAY DRAG VERSES MACH NUMBERS FOR INPUT CONDITIONS)

PRESSURE AND TEMERATURE OR ALTITUDE

SURFACE ROUGHNESS
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FUTURE PLANS

T 7

(INTERFACE WITH HYPERSONIC CODING (GENTRY) )

( INTERFACE WITH TRANSONIC CODING )

IMPLIMENT REALISTIC STRUCTURAL AND PACKAGING CONSTRAINTS
TO COMPLEMENT GEOMETRIC OPTIMIZATION

(OPTIMIZE USE OF MINI AND MAIN FRAME COMPUTERS )
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2 Wdlae

The ‘geometric description of an airplane usually starts with a character-
ization of the configuration. There are only a few elements of a con-
figuration, such as the payload, number of crew, number of engines, engi:e
location, which are fixed. The remainder of the configuration character-
isties, including fuselage geometry, wing geometry, control surfaces,
empennage geometry, landing gear arrangement, wing high-lift deviees,‘§tc.,
are all variables that get perturbed during design evoluticrni. Therefore, the
first requirement on any airplane configuration geometry description system is
flexibility. Easy modifications to geometry of a component, or the relations
of components with respect to each other is essential.




CONFIGURATION DEFINITION

PAYLOAD SI2E 8 L
FUSELAGE GEOMETRY 7

’ y CONTROL
SURFACES —/

_— EMPENNAGE |

NUMBER _—y - GEOME TRY |
OF CREW —<—
WING GEOMETRY
LANDING GEAR i
8 SPAR LOCATIONS ARRANGEMENT
E
NUMBER @& SIZE
OF ENGINES @8 \
NACELLES MIGH LIFTY
DEVICES

BOEING

3 Wallaee wlnce 2.




4 Wallace

Once ‘the inputs are determined for an airplane design, the descriptive
geometry process can begin. The payioad can be accommodated, the wing can be
placed properly for weight balance, the sizing and placement of the landing

gear can be computed, and the myriad of design criteria to be satisfied by
this configuration can be evaluated. The principal output from an airplane
design includes the configuration geometry and the related geometriecal Minfor-
mation such as the payload accommodation, areas, volumes, and graphic por-
trayal of the design process results. The areas, volumes, and geometrical
arrangement of a configuration are essent;al for detenmiping performance and
handling characteristics by analysis and experiment.
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This result of a preliminary design exercise for a transonic airplane con-
figuration shows many of the elements described by the prior charts. A
transonic airplane, typified by this NASA contract study configuration, has
the added complex requirement of satisfying an area rule distribution.
Therefore, any relatively minor mcdification such as wing area, nacelle
placement, etc. has major significance to the total design compatability.
Simultaneous satisfaction of all design requirements and performance criteria
demands very sophisticated and efficient geometry processing. This figure
illustrates many of the variables that have a first order constraining effect
on airplane gecmetry description.
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TRANSONIC AIRPLANE CONFIGURATION
EMERGENCY
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As indicated earlier by the airplane design block diagram, one of the geometry

requirements on the complete configuration are the pitch and roll ground

| clearances as shown by this line drawing of the T47. These geometric con- |
ditions are necessary for flight control evaluations, damage determination

studies, and pilot vision polars. Again, if any of these critical conditions

are not met by the airplane configuration, then the geometry must be changed.
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COMPUTER GRAPHICS ILLUSTRATION OF CONTACT

POINTS IN ROLLED, TAIL BUMP ATTITUDE
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During configuration design or analysis, it is necessary to perform extensive
analytical and experimental studies. Ideally, the same geometry is used for
generating mathematical representation of an airplane configuration and its
corresponding flow fields as is used to generate wind tunnel models for
testing. This figure shows one kind of mathematical representation of an
engine nacelle and its associated exhaust flow. This representation is typ-
ical of analyses used to determine nacelle interference with wing air flow

properties.
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Once the nacelle geometry details have been adequately modeled, with suitably
dense singularity arrays, then there is a gradual buildup to the complete con-
figuration. This figure shows the addition of the nacelle strut and adjacent
wing. to the nacelle. This three-view layout illustrates the complex local
tailoring associating with a close coupled nacelle. The nacelle is canted
with respect to the strut and the wing and the strut is tailored to minimize
local interference. This complexity 1s readily seen in these orthogonal views.

R ?\

L » . e e i




% .

Q

DM S
DINITOE

&>
. 1
v ] r 1! { _ ,
| _ .
S pmmy ~ ) . s
- T =
W —— T ¥ “““. oo M SN SRS oy F ) .
- i | 1 — - _
- | ) il T &
1 . — 4 “_. 1 A
| - . . il A
3 m fH
| t _ i .
~ - b m . { g 4 | '
' | P — 1 § -l
ﬁ e = ===H] ;
r A . - 5 g p——. — ] font] et T wec = o T%\ |
_ 0 = 2 T, T I, ol 4 IThn Soae sy sow T1-
. § —— — . 5 . “ , u
T T e e —— |

7 /4 74 e > 4 > o

i

/4 Z
/4 ~
y/

e

C
R
: s
VAV iR

. \L\ .
I I AT T

Y 4
y: ) A A
a4

|

11
4

]
[smawn|

:
:




RPN TR TP L W I S T P

A perspective view of the wing segment, nacelle strut, nacelle and its asso-
ciated flow control surfaces is the best way to appreciate its geometric
intricacy. Notice that the exhaust flow tube is controlled well past the wing
trailing edge and there is an intake flow control surface located within the
nacelle under the leading edge of the nacelle strut. All of these singularity

surfaces are necessary to accurately evaluate the engine installation inter-
ference flow phenomena.




ORIGINAL PAGE g
OF foon QUALMY

BOLFING

15 Walace

©
ik r
- i ; e “f*- B N

|
|
j
oy

T o¥




F

This two view drawing shows the complete model used for the study. The body
was simplified, bescause of its remote distance from the region of interest.
There are approximately 2700 singularities associated with the analytical
nodel, which produces a like number of simultaneous equations for solution.
Therefore, the computing cost of such a complex mathematical problem requires
very accurate geometrical modeling with adequate visibility of that geometry
prior to committing to the computing process. One set of computed,sodutions
can cost as much as many wind tunnel model test runms.
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This perspective view illustrates more clearly the regions of sparse and dense
singularities for representing a complete three-dimensional configuration.
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3

Before describing geometry system requirements as they are viewed today, it is
well to understand current lofting practice of The Boeing Commerical Airplane

b Company. This wing perspective drawing shows the lofting views constructed
for generating a stored definition in two views; plan view and rear view.
This process, of course, has its heritage in the ship building industry. Two
types of curves have been prevalent in this current practice: (1) conic

: chains, and {2) cubic chains. The conic chain has been the traditional fav-

; orite, because it is simple to generate by most mechanical drawing processes ;
and to check by most manual computing methods. It is also easy to control

inflection points. This curve type is used for the master definition of pro-

ductiocn configurations.

The cubic chain with its point, slope, and curvature continuity at given nodes ;
has usually been best suited for design and development purposes. It is .

“ analagous to the process of using ducks and a spline on the drawing board. It i
is practical to embellish this mathematical representation with both point
enrichment and smoothing processes. However, cubics have the disadvantage of
causing ripples or inflection points for data sets that are not smooth
initially. These traits make more complex algorithms necessary for generating
good cubic chain curves.

20 Wallace

'y

L.‘A-A T o T A T T T T T N S T T e T -y o Ly . N L ~




CURRENT LOFTING PRACTICE

CONIC CHAIN CURVE

STORED DEFINITION o
X e S / o —

e BEST FIT TO POINTS WITH
SLOPE CONTINUITY

LOFTING VIEWS | // | \ ® MASTER DEFINITION

z CUBIC CHAIN CURVE

——
P .

REAR VIEW

o

-~ o ——

/77 birection o pOINT AND SLOPE
/ CONTINUITY -

® DESIGN AND DEVELOPMENT
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Current practices using conic and cubic curves present significant limitations
for the geometry description of an airplane configuration and its components.
Multiple curve types cause difficulties with geometry automation and for the
design user. The single-valued surfaces associated with current lofting prac-
tices are usually imposed by the extraction process which cannot adequately
distinguish between multivalued components. Another difficulty encountered is
mating surfaces of various components, because the surfaces are defined as
projected control curves. This representation makes the definiticn (stored as
equation coefficients) very expensive to uniquely transform between skewed
coordinate systems.

Al]l ‘of these cited factors complicate the design and analysis processes,
because the; are not very flexible and are costly to use. In many cases, the
systems are designed mostly for geometry extraction and provide 1little flex-
ibility for geometry generation processes, which often require data enrichment
and extensive three-dimensional smoothing. "
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LIMITATIONS OF CURRENT PRACTICES

MULTIPLE CURVE TYPES
® COMPLICATES SMOOTHING
® COMPLEX DEFINITION STORAGE
® DIFFICULT DATA EXTRACTION

SINGLE-VALUED SURFACES
® D'FFICULT JOINT SMOOTHING
¢ COMPLICATES MULTI-VALUED COMPONENTS

SURFACE MATING
® DIFFERENT AXIS SYSTEMS
® PROJECTED CONTROL CURVES

LIMITED TRANSFORMATIONS
® NO DIRECT TRANSFER BETWEEN SKEWED AXES
® REFIT EXTRACTED POINTS

DESIGN AND ANALYSIS

® DESIGN REQUIRES ENRICHING AND SMOOTHING
® ANALYSIS DATA EXPENSIVE TO EXTRACT

I L U P T, N T

e i
4

23

T Y ST Y > Sy T N T P e

L



2.4 Wakace

Basic geometry system requirements contain two principal factors, the first of
which is mathematical. The mathematical factors directly lead to the con-
clusion that surface representation is best accomplished with parametriec,
biquintic patches. This makes mathematical practice reasonably consistent
with past cubic concepts, except that the higher order polynomial provides the
essential element of local character. The parametric form provides the nec-
essary capability for handling multivalued surfaces and performing smoothing
and extraction processes with more consistency, since quintic equations are
used over an entire surface. Where simple curve types, such as straight lines
and circles become necessary, the quintic equations are ﬁerféctly adequate for

defining these surface regions to well within data extraction computation
accuracy.
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. {1) ONE CURVE TYPE PATCHES )

BASIC GEOMETRY SYSTEM REQUIREMENTS

MATHEMATICAL FACTORS ARE -

(2) CONTINUOUS CURVATURE SURFACES ' BIQUINTIC

B3) LOCAL CHARACTER PATCHES ] N

(4) REAL, MULTIVALUED SURFACES

PARAMETRIC FORM
G) ENRICHING, SMOOTHING & EXTRACTING
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The second major factor associated with basic geometry system requirements is
the user working environment. The two primary innovations that have recently
improved the geometry working environment are the minicomputer and its asso-
ciated micro processors for use in interactive graphics devices. With th's
hardware capability it is practiecal to provide excellent accuracy with low
computing costs in a geometry system that can be used all the way from pre-
liminary design through to detailed design activities. It is essential for
all englneerlng technologies to have access to and influence the design geo-
me»ry evolution to adequately reflect their responsibilities. Conversational
interactive graphics gives the average user a reasonably acceptable working
environment which will not overwhelm him with the necessity for training that
makes him a computer expert. The last environmental requirement is commun-
icating geometry with accuracy and speed between all involved developers as
well as the ultimate users, who are charge with building the airplane.
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BASIC GEOMETRY SYSTEM REQUIREMENTS

ENVIRONMENTAL FACTORS ARE -

(I) GOOD ACCURACY & LOW COMPUTING COST

(2) ONE SYSTEM FOR PRELIMINARY & DETAILED DESIGN

P T ..

o (B) EQUALLY USEFUL FOR ALL ENGINEERING TECHNOLOGIES
() USE CONVERSATIONAL INTERACTIVE GRAPHICS
(5) AUTOMATE GEOMETRY DATA BASE INTERFACES
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This figure shows the implications of smoothing on analytical results. A
simple exercise was performed to manually record the coordinates of an airfoil
to compute its pressure distribution. As seen from the pressure coefficient
graph, the manual unsmcothed data caused severe adverse pressure gradients
near the nose of the airfoil, which would probably lead to local adverse
effects on the boundary layer, if not separation. Similarly, at the trailing
edge there was an added adverse gradient due to the data irregularity. Simple
two-dimensional analytical smoothing produced the smoother more satisfactory
dashed line results. In all honesty, this was not a rigged case, but simply
an illustration of an everyday event when accomplished without proper atten-
tion to geometric properties. The results cause poor aerodynamic performance.
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PRESSURE DISTRIBUTIONS COMPUTED FROM MANUAL
& SMOOTHED ANALYTICAL DATA

1.6}
1.2} , |
. +— MANUAL, UNSMGOTHED DATA INPUT
A -+ ——ANALYTICAL, SMOOTH DATA INPUT
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The 'two-parameter biquintic surface representation takes the equation form

shown on this chart. Using the previous wing illustration, the patch shown in

real geometry is mathematically handied in parametric form and the definition

is stored as derivatives at the corner points rather than as coefficients of

‘ the respective bounding quintic lines. There are many advantages to hnis type
of representation when put into practice as computerized methodology.
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To illustrate the data for representing a typical airplane configuration these
data array schematics are shown. At the juncture of every pair of lines there
is a data set corresponding to that corner of the patch. Note that most of
the data arrays are rectangular. Except for the cutout regions where spatial
fairing properties are necessary, the configuration paneling is straight-
forward. Where intersections cause local need for fairing or irregular boun-
daries, then spatial handling techniques are required.

Developing the paneling representations of a configuration without consid-
erable automation, is a very tedious and time-consuming task. It is not
uncommon for an engineer to expend a man month in developing such extensive
paneling schemes. Usually it is necessary to build these representations in
an component-by-component fashion. By running simple evaluations of isolated
components, it then becomes possible to develop confidence that the final
results sought will be computed with good accuracy. It is very common to fiud
that people have been unable to perform a satisfactory analytical evaluation

of a configuration, simply because there was insufficient time to develop the
geometry and its associated paneling scheme.
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PANELING SCHEME
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SUMMARY

1 - BASIC REQUIREMENTS TOUGH TO SATISFY

® ONE CURVE TYPE WITH LOCAL GHARACTER

e MULTIVALUED , REAL SURFACES

® ENRICHING & SMOOTHING WITHOUT DISTORTION

e VERY ACCURATE, YET EASY TO CONTROL & CHEAP TO USE

2 - TECHNOLOGY IS AVAILABLE FOR SYSTEM DEVELOPMENT

o MATHEMATICS OF BIQUINTICS & TOPOLOGY
o MINICOMPUTER REFRESH GRAPHICS
~ © LARGE SCIENTIFIC COMPUTERS
e EXPERIENCE WITH LESS CAPABLE GEOMETRY SYSTEMS
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[NPUT OF THE CONFIGURATION

ACCEPTABILITY
PANEL BY PANEL CORNER POINTS UNACCEPTABLE

SECTION BY SECTION EACH POINT DEFINED.
MACHINE CONNECTS ADJACENT — pppp 1
SECTIONS TO MAKE PANELS

DEFINE CURVE. MACHINE

DIVIDES AND CONNECTS. Goop 1
BLOCK BY BLOCK DEFINE ERD CURVES.
MACHINE DIVIDES AND coop 1

COHNECTS FOR PANELS.

*** DATA PREVIEW IS ESSENTIAL FOR EFFECTIVE MACHINE USE ***

1, USE OF A MACHINt DIGITISER RAISES THESE TO GOOD AND EXCELLENT,
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LATA_QUTPUT

GEOMETERY

AERODYNAMICS ( AIRLOADS, VELOCITIES ETC. )
STREAMLINE BEHAVIOR

BOUNUARYLAYER BEHAVIOR

ETC.

LARGE VULUMES OF PRINTOUT

+ + + +

CAPABILITY TO REViEW QUTPUT DATA INTERACTIVELY IS ESSENTIAL.
MACHINE PLOT AND PRINT ONLY REQUIRED DATA.  ( SAVE THE REST )

"HOST 0 WHICH NEVER GETS READ.,

AM1




¢,
( TWSIVYAdVIY ¥ILVT 04 LNdINO IHL 40 1STY IHL JAVS )
| *T104 394Y1 Y INIAVTd ,
V SITHAVY9 JALLOVEIINT HLIM ‘CRYINOT WOWINIM ]
| W3al
IndIno g




THE USE OF INTERACTIVE COMPUTIHG WITH GRAPHICS CAN DRAFATICALLY

SPEED UP THE DATA FLOW

A¢ LIIES A/C LINES A/C LINES
(URAWTIGS) (DRAWINGS) TAPE/DISC FILE
1
DIGITISE bY |
| HANU/EYE '
T DIGITISER | 11PUT
KEY-PUiicH DATA
1 FILES
CAKD REAUER e I
] INTERACTIVE COMPUTER CONPUTER
CURPUTER TERMIHAL (N (B
(8)
f [ !
: PRINTER e OK-LINE OUTPUT
E? , MACHINE FILES
| HAND PLUT [~ PLOTS
| ‘ PRE-EDITED :
PRIGTOUT | ;
UATA OUT J \J i
DATA OUT
| I = INTERACTIVE; B = BATCH i
| AM1
|




AIRCRAFT CONFIGURATION FMODELING

FROM TERMIRAL [HTERACTIVE BATCH
UIGITISE LINES - SR T DIGITISER
KEYPUNCH DATA DECK OR

KEY IN VIA TERMIWAL

f SET UP DATA FILE = |  DATA FILE -
I
[PUT DATA
REVIEW INPUT DATA FILE - REVIEW
PROGRAF
PLOTS
EUIT INPUT DATA FILE — - . —. —_——
SET UP MAIN PROGRAH [ INPUT/QUTPUT AERO
RUN STREAH/EXECUTE - FILES PROGRAM
[
REVIEW OUTPUT DATA FILE = |  QUTPUT DATA
REVIEW
| PROGRAM
: T
| PLOTS PRINTED - TAPES FOR
OUTPUT RESTART
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THIS PROGRAM PLOTS g?ﬂ?ﬁg FROM INPUT DATA DECK

XXX  WBAEROC PROGRAM  xxx

INPUT CAN BE FULL WBAERO DATA SET OP PARTIAL,STARTING AT C4RD 7

KEY IN BAUD RATE AND RETURN
? 300

T S T T
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?e

YOU HAVE THE FOLLOWING PLOT OPTIONS

PLOT ALL SECTIONS

PLOT ALL SECTIONS IN A DESIGNATED BLOCK
PLOT ANY DESIGNATED SINGLE SECTION
COMPARE UP TO 19 DESIGNATED SECTIONS
TERMINATE!

NHhWUe

KEY IN DESIRED OPTION AND RETURN!

WHAAT BLOCK DO YOU WISH TO PLOT?
KEY IN BLOCK NUMBER AND RETURN!
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THIS PROGRAM PLOTS THE OUTPUT DATA FROM |
THE

WBAERO FAMILY OF PROGRAMS
YOU HAUVE THE FOLLOWING OPTIONS.
GEOMETERY GROUP j
AERODYNAMICS GROUP | |
STPEAMLINE GROUP
BOUNDAPYLAYER GROUP

S W W e

KEY IN SELECTED OPTION AND RETURN!
(eg.3PETURN)

am1 /L g
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YOU HAVE SELECTED PLOTS FROM THE STREAMLINE GROUP.

KXIXXXKXKX

SELECT PARAMETERS TO BE PLOTTED FROM THE MENU BELOUY.

L) * L

B WY
N <X

NOTE YOU CAN PLOT &MY TWO PARAMETERS AGAINST

KEY IN PARAMETERS AND PETURN!

THERE ARE %% 9 %x STREAMLINES

5. UX 9. CP
6. UY 10. K1
7. U2 11. K2
3. U RESULTANT 12. K3
EACH OTHER
(eg. 4,9)------ 1,3

- DO YOU WISH TO PLOT THEM ALL?

KEY IN YES OR NGO AND RETUPH!---vES
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THIS PROGRAM GENERATES TEKTROMIX PLOTS OF GENERAL 3D BODIES
INPUT MAY BE READ FROM WBAERO TAPE11 OR UIA THE KEY BOARD
EXXRXXXXXX
? SELECT INPUT MODE

USING TAPE117? KEY IN 1 AND RETURN §
UZING KEYBRD? KEY IN @ AND RETURN, ,
E XXXNOTE XX IF 1 SELECTED TAPE/FILE MUST BE IDENTIFIED Xxx ‘

1
DO YOU WANT TO DRAWY THE WHOLE RODY? 1

KEY IN YES OR NO AND RETUPRN!

SECTION OF BODY TO BE PLGTTED MUST HAVE A COHNECTED
STRING OF PANEL INDICES.

KEY IN INDICES OF FIRST AND LAST PANELS AND RETURN!
(EG. 172,431 RETURN')

E ? 22,44

AMI/¢

'y

i
1
:
:
E
i
i
:
k
{
4




o

KEY IN NUU,IPRINT,IHIDE, IBUG
NUU = NUMBER OF UIEWS Xxx NO MORE THAN 10 x
IPRINT = 1 PRINTS INPUT DATA

= @ NO DATA PRINT OUT
IHIDE = © ELLIMINATES HIDDEN LINES

= 1 LEARVES HIDDEN LINES
IBUG = © SUPPRESSES DEBUG PRINT OUT

= | FULL DEBUG PRINT OUT
?2,9,1,0

IS BODY SYMETRICAL AROUT X-Z PLANE?

KEY IN YES OR NO AND RETURN!

? yes

DO YOU UANT TO PLOT REFLECTED BODY?

KEY IN YES OR NO AND RETUPRHN!

? no
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DRAG PROGRAM

CALCULATED STREAMLINES
SOURCE PANELS

UNIFORM VORTICITY
PREDICTED SEPARATION PANELS
; POINTS

“RECTANGULAR" GRID OF PANELS

APPROXIMATED SEPARATION LINE
GO ALONG SOURCE PANEL EDGE)

(MusT




© BOI05 BOTTOM CENTERLINE
= ===~ ATTACHED FLOW

PRTSENT CALCULATIONS

— —— FIRST ITERATION V/ITH 241 PANELS

i ———— SECOND ITERATION
-.8F .
-4
Cp
0 —
\
04" ‘
|
|
.8 . |
4 8 12 16 2 24 28 32 3 ol u
x (INCHES )
L (a) Top Centerline
Figure 19.

Comparison of Calculated and Experimental Pressure Distributions on the BO10S
Fuselage.

'y




DRAG PROGRAH

MobeEL 2. VorrTiciTY PANELS

DOWNSTREAM PARTS OF “SPLIT” PANELS HAVE
PANELS HAVE LINEAR VORTICITY ZERO VORTICITY VALUE

DISTRIBUTION AS WELL AS /
UNIFORM SOURCE /

UNIFORM VORTICITY
ON WAKE PANELS AS
IN MODEL 1

ARBITRARY SEPARATION
; VORTICITY IS CONTINUGUS PASSING FROM LINE
; THE SURFACE ONTO WAKE PANELS

| AMI D)

" o

oo o . o N o ;. o
L = - e e

. T T N S

L " L T T T L - S e

o B T T




JC Twy 7Y

(ONITTINVd "H'H) HYyY 3INIT3ISvd

; . . . :1« A S S R M St A it S ol S A A ettt en o aion cit i A SR e i AL i AR A oS AR P et o i Lo A S I‘
|
|
!
:
_
|
|

|
"
m

S R




B e I
I L et L A il R c ’ g

j““"‘ .m&..w

\mm.:\?.& I*ZQ.V.U

(V/S A9 @ITTINV) SYLLN INITISYS

OF POOR QUALITY

ORIGINAL PAGE IS




Figure 1:

The method chosen for corputation “enerally dictates the requiresent
for ceometric smoothness. 1I: the case of viscous [low computation
in an axisymmetric diffuser duct with a centerbody, one of the

approaches is to parabolize the Navieir-Stokes cquations in a

streamline orthoronal coordinate system and then to perform
corputation by marching.

In this cocrdinate System we observe

that, as shown in item (e¢), to insure stablc computation the

streamline ccordinates have teo be dccurataely determined up to

third derivatives,
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V/IsCouS FLOW IN A DIFFUSER DUCT

@) Trans{orm Mavier- Stokes Fyum‘:‘ons 4o
Streamline Orthogonal Coordinafe System

(b) Parabolize the Re.SuHinj Fyuaﬁ‘ons far Marclu‘ny

202%y G P G /6
W(ae) V% 3s VP 5e = Puie()

)

Wo VoW 3P _ V2R QTeyy ..,
Fu"if"e‘a‘i'\:'?%‘*m;a? qa\y(T)

[ 4 L 4 [

(¢) V ( metvic Coeff or Tacob:an)

~ IS‘L Derjvatives of 6€ome{-ry

W ~ Q"d Derivatives of Geome\‘vy

Discrelization Evror for '%'t{; SRR 3Yd Derivatives

F1G. 1
4.C. Kuo

— B & —— ."|‘ * N Saiaic. e et
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Fimures 2, 3 and !l

F Figure 2 shows the mesh distribution cf a smoothed annular

diffuser duct and tlie calculated velccity proiiles at each

. station. The computation was terminated normally at the end
. of the duct. However, if = would use an identical computer
it program Lut with an unsmoot ed geometry, computation would

become unstable and bred. .uwn shortly alter the entrance

section. The configuration shown in Figure !! is a partially ’

smoothed one, bhut the computation still aborted before it reached
the exit section. (An indication of irregularitv may be seen at

the waist of the centerbody.)
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Figure 5:

All three segments of (1), (2) and (3) are the traces nf a cuhic

equation, and they all satisfy the tangency eemtinuity condition

at A and B as shown (that is, their unit tarrent vectors at A
and B match with the unit tangent vectors of the neichioring

5 segments). The striking difference in appearance is solely due

I

to the difference in magnitude of the tangent vectors in terms

‘ . of u. Thus, when a general parameter other than the arc length

is used for curve fittinz, the first derivatives on hoth sides

of a data point need not equal. This property also appears in

Y

second and higher derivatives. (The smootlmess requirement for

—

second derivatives is to matel the curvature on lioth sides of

d

a data point, which is ___g » with s beinz the arc lencth.)
dg

Since the degenerated case of a Coons' surface patch equation

i (say, w=0) is a cubic or a fifth degree polynomial, the property
of discontinuity in parametric derivatives of u and w also pre-

vails in Coons' boundary matrix.
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Cubic :

¢+ (W1

wP(u)=P +u7%+u(2m' m'3P+3P)*“(PA*P*2P ~2F)
(osusy).

ﬁnjency Com‘inuif)’ Re?. in Terms of Arc Zeny*h (S)-

4B . dh af _ 4B
ds. ds, , ds_ = dS,
Pavametric Derivatives in u , _,
* §
St dP - dg dP dsS p |
IP" Order.  Ju = Qu ds (T /Ef&'/)

Q"d Order .
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FIFTH DEGREE SURFACE PATCH

V(U, w) = [MS'““ u3u2 u l] (M][B][M]T(WSWI‘ w3w2 w /]T

! ;
6 6 -3-3-4X 4 ol
15-15 8 7 35 -
10 10 -6 ¥ "% 4 o
00 0040 =1
o 0 I 0 0 0 00
! 0 0 0 0 0 .
i
00 ol 00, 9, o, of,,
10 11 104 1, 10, 11,
00, o1, 00,,0l,, 00, s Oy
/ou //u /OMW //uw /oaww //uww
oouu 0/“14 00auw Oluaw oouaww O/auww
/Om‘ //au /ouaw //uuw loauww //WAWW

f1G,6 BASIC EQUATIONS For Copns'
57" DEGREE SURFACE PATCH
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GEOMETRY REQUIREMENTS FOR UNSTEADY AERODYNAMICS

E. Carson Yates, Jr. and Luigi ™orino




-

Accurate calculation of aeroelastic characteristics required for the analysis and design of high-
performance aircraft requires accurate and efficient evaluation of steady and unsteady aerodynamic loads
on aircraft having arbitrary shapes and motions, including structural deformations. This presentation
will address the aircraft geometry requirements for unsteady aerodynamic computations and will emphasize
differences between requirements for steady and unsteady flow.
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Requirements for aeroelastic analysis and design are in several respects .ore complicated and more
severe than for the more conventional steady-state aerodynamics. For example: (1) The aerocelastician
deals with flexible structures so that even in steady-state conditions, the aerodynamic load is a functionm
of structural deformation, and vice versa. (2) The unsteady aerodynamic formulations required in dynamic
aeroelasticity involve complex quantities (e.g., normalwash velocities, aerodvnamic influence functions,
and pressure) that manifest time- or frequency-dependent attenuations and phase shifts relative to steady
state. (3) In dynamic acroclasticity--flutter, for example--the aeroelasticlan must evaluate pressure
distributions for vibration mode shapes that are much more wiggly than a typical steady-state mean-camber
surface. The corresponding pressure distributions will also be more wiggly than those for steady state
so that computational convergence requirements are usually more severe than for steady state. (4) Flutter
analyses, as well as {terative structural resizing, require evaluation of pressure distributions for a
multiplicity of mode shapes, frcquencies, aircraft loading conditic.s, etc. Consequently, computational
efficiency is vital, and it is essential to minimize the amount of recomputation required when mode shapes
and/or frequencies are changed.

With these thoughts in mind, we shall discuss geometry requirements within the framework of the
SOUSSA aerodynamic formulation because it is the most general potential-flow program that we nowv have
under development (with rerard to aircraft geometrv, motion and deformations, and speed ranges) and
because present and future SOUSSA reometry requirements are as stringent as those for anv aerodynamic
program that we now anticipate. Geometry required is considered to he compncsed of three'parts: (1)
shape of vehicle, (2) crientation of vehicle, (3) deformation(s). Orientation involves little more
than a rotation of conrdinate axers and consequently will not be emphasized heve. Defcrmaticns can be
finite but are more usuallv taken to he infinftegimal and approximated by 2 linear combination of the
natural undamped vibration modcs of the alrcraft. As manv as twe dozen modes or more may be required
to converge the aeroelastic solution. A corollarv geometrical requirement is determination of wake
shape which is not known a priori although it may be assumed to be flat for many applicatioms.’
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UNSTEADY COMPLICATIONS: : |

i
o LOAD IS FUNCTION OF DEFORMATION AND VIGE VERSA

0 COMPLEX QUANTITIES

o WIGGLY DEFORMATION MODES

o MULTIPLICITY oOF MODES, FREQUENCIES, ETC.

GEOMETRY REQUIRED:
0 SHAPE

0 ORIENTATION

o DEFORMATION(S)

}
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To set the stage, a brief review of SOUSSA formulation 1s in order. Application of Green's theorem
leads to an integral equation for the perturbation velocity potential ¢ at any point P in the flow
or on the flow boundary (i.e., on S). Note that the second integral contuins only liuncar terms which
are integrat:d over the boundary surf.ce- S, whereas the first integral contuins nonlinear terms F,
involving products of derivatives qf ¢, which must be inte,rated over the fluid volume.

The boundary conditfon cleurly shows the etiect of time varfatlon of S. 1f the varlation is

harmonic, for example. the %% term becomes 1iwS so that the normalwash at S = 0 becomes complex.

The imaginary part, however, involves only surface ordinates (iucluding displaceuents and deformatioas),
whereas the real (steady-state) puart involves derivatives of surface ordinates. Thus, introduction

of un.teadluess dous not [apose more stringent requirements on surface definition s far as quantities
required are conceined. It ..ay, however, require greater accuracy and greater amounts of geometrical

information (e.g., for more points on the surfice) in order to define adequately the wiggly modes of dcfor-

mation referred to previously.

The intluence of nonlinear terms F 1s being studied in the developuent ot SOUSSA aerodynamics for
the transonic range. However, these terms are not included in the present computer program.
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STEADY, OSCILLATORY AND UNSTEADY SUBSONIC AND SUPERSONIC AERODYNAMICS

(SOUSSA)

Objective: An accurate, general, - unified-method for calculating steady and unsteady loads on
complete aircraft with arhilrary shape and motion in subsonic or supersonic flow,
with emphasis on application in computer-aided structural design

Approach: Green’s theorem is used to formulale exact integral equation for potential.

PR Y = [[[[G Fdvsr, + [[[[s{6T,#-¢76) ié;,‘ﬁ(s% -9 )les| dsd,

where @ = perturbation velocity potential
G = Green’s function
' F = nonlinear terms
Six,y,z,t) = 0 defines body surface

Cled =58 es)+ 8]

Exact boundary condition on body is

DS _ 25 phepe_ 25
Dr 32‘7‘(7¢ 17‘5“5_2'_

E. C. Yates

tL(7+7P)-VS =0
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Surface paneling and Laplace transform solution yield a matrix equation relating the unknown potential
¢ on the vehicle surface to the normalwash {. Elements of the coefficient matrices are independent
of normalwash (and hence deformation) and are simple functions of the Laplace variable s. For a given
paneling arrangement they depend only on Mach number.

Use of arbitrary nonmplanar quadrilateral panels permits matching nodes of the aerodynamic panels to
the nodes of a structural finite-element model, if desired, in order to use the nodal coordinates and
calculated displacements directly without requirement for interpolation. 1In general, howcver, solution
for the velocity-potential matrix requires the following geometrical input: (1) Coordinates of panel
nodes usually obtained by interpolation (lofting) from aircraft shape information. (2) Time-dependent
normalwash at control points which usually do not coincide with panel nodes. Normalwash involves
coordinates and slopes obtalned from ailrcraft shape plus orientation plus deformation. Note that
increasirg the number of deformation modes used involves only adding columns to the P and ¢ matrices,
and updating the entire set of deformation modes, as in a structural design application, involves only
replacing the ¢ matrix. The Y and Z matrices are unaffected in either case.

Surface pressures are obtained from Bernoulli's equation. Generalized acrodynamic forces, including
aerodynamic coefficients and stability derivatives, are determined from weighted integrals of the
pressure which require values of surface displacement (due to rigid-body rotation and/or modal deformation)
at a set of integration points which may not coincide with the panel nodes nor normalwash control points.

The geometrical information required by SOUSSA can, of course, be generated with any suitable
geometry preprocessor as long as the results are cast in required SOUSSA input format. It is evident,
however, that automatic paneling capability is essential to the efficlent processing of complicated
shapes and deformations that may require many hundreds of panels. Such capability should include not
only automatic calculation of the coordinates of nodes, normalwash control points, and integration points,
but also automatic identification numbering for these points as well as for the panels and systematic
identification of which nodes go with which panels.
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Solution by spatial discretization with arbitrary nonplanar quadrilateral
surface panels and time solution by Laplace transform results in

(710, = [Z4%]

where % '= Laplace transform of perturbalion velocily potential
= Laplace transform of normalwash

- —3 6. — —~5(6;s +”;, ’ 1
T 8= (Gat5 Dg) % = 2 (50 565,) 8, (O 7T :
o =t |

A Y
¢

M Xt s§

5= G €
= Laplace transform variable
jh? th’ Djh’ FJn’ Gjn = integrals over surface panels, independent
. of normalwash and s
Bjhs TIjn = lag functions
Sph = 1

o v

AN

Surface pressures are obtained from Bernoulli's equation.
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GENERAL POTENTIAL-FLOW AERODYNAMICS

(SOUSSA)

GENERAL FINITE-ELEMENT METHOD:
© ARBITRARY “OMPLETE A/C CONFIGURATION

| © STEADY AND GENERAL UNSTEADY MOTION
© SUBSONIC AND SUPERSONIC
4 @ COMPUTATIONAL EFFICIENCY
3 ' CURRENT DEVELOPMENTS:

© NONLINEAR EFFECTS (TRANSONIC FLOW
WAKE DEFORMATION)

| © IMPROVED FINITE ELEMENTS (HIGHER ORDER,
SPECIAL PURPOSE]

© ROTATIONA!. FLOW (TURBULENCE, VISCOSITY)

e
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|
1,
i
|
|
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In the integral equation for the velocity potential (previously shown) the surface integration extends
over the surface of the aircraft plus its wake, and the no-penetration boundary condition DS/Dt = 0
applies over both. Moreover, the pressure must be continuous across the wake although the potential is
discontinuous. The forward edge of the wake of a lifting surface is, of course, always located at the
lifting-surface trailing edge, but the position of the rest of the wake is not known a priori, is variable,
time-dependent, and must be determined in the calculation. This variability requires relocation and

reorientation of the wake and its panels during the calculation, perhaps many times 1f the calculation
is iterative.

This figure also shows a shockwave which is isolated from the flow field by a portion of the surface S.
Over this portion of S the no-penetration boundary condition must be replaced by Rankine-Hugoniot conditicns
which quantify shock-induced discoutinuities in derivatives of the potential although the potential itself
is continuous across the shock. These discontinuities make it desirable to have panel edges lie along
the foot of the shock. But shock location, shape, extent, strength, and velocity relative to the vehicle
surface are time dependent. Moreover, motion of finite amplitude--even small amplitude--that is needed
to investigate limit-cycle aeroelastic response can lead to large-amplitude shock motion and even
discontinuous shock location. Consequently, requiring panel edges to coincide with the foot of the shock
can require extensive repaneling in the vicinity of the shock during calculations for unsteady wotion. In

contrast, nonlinear calculatioms for shock-free transonic flow require no repaneling and impose no special
requirements for surface geometry.
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Shocks and wakes from lifting surfaces impinge upon fuselages or other portions of the
vehicle along lines that are time dependent. Because of the discontinuities in potential or
s ' its derivatives at these implaogement lines, tt is destrable that pancl edges colnclde with
them. llence, time dependent repaneling in these vicinities is also indicated. |

For simplicity in its development, the present SOUSSA program contains zeroth-order i
(constant-potential) aerodynamic elements. However, it has been intended from the beginning
ﬁ : * that the program would employ higher-order clements in order to reduce the number of elements i
required to converge the solution. Such elements have been developed and will soon be
incorporated into the program. In addition, speclal-purpose elemcnts are belng developed
. for paneling in regions where correct variatfon of potential is theoretically known. These
elements have built-in shape functlions to produce the correct varfation of potential, for
~ .. example, adjacent to normalwash discontlnultles such as control-surface hinge lines and side
!E edges, or correct varfation of potenttal derivatives as at subsonic traillng cdges. Tn addition,
flow-through elements are rcequlred to model englne thrust In nacelles and to pancl shockwaves.
Such elements impose no new requircments for surface peometry Information. HNote that no special
panels are required adjaceant to shock or wiake fmpinpgement on the body surface. Use of higher-
order and speclal-purpose clements should reduce computer tlme and storage requlrements but
probably will do little to reduce the amount of geometrical input laformation required.
Although fewer elements are used, more information is required per element. Detailed accuracy
of information out requires detailed accuracy of information in Irrespective of the level of
* sophistication.

“
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Finally, incorporating the effects of viscosity and rotational flow will impose a
requirement for relatively high accuracy of computed pressure gradients and hence will require ;
higher-order elements (at least third order) than would he required for most potential-flow |
problems. Alternatively, it 1s possible that required accuracy and order of continuity may be
attained from solutions using lower-order elements followed by spline (or other) interpolation of
the calculated potential. .

E Specific treatment of aircraft geometry in the SOUSSA program itself will next be described by
Dr. Morino.
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The rest of this presentation is devoted to the specific geometry
requirements for the program SOUSSA P (Steady, Oscillatory and Unsteady,
Subsonic and Supersonic Aerodynamice; Production Version). As presented
above, the Green's function method yields an integral equation over the
surface of the aircraft and its wake (with differential-delay dependence
on time). Dividing the surfaces in quadrilateral elements and assuming

the potential, the normelwash and the potential discontinuity to be constant

within each element one obtains Eq. (1).

The coefficients BJ , C h? etc., are evaluated analytically, with
the original surface oy appréximated by a hyperboloidal pareboloid

(hyperboloidal element). Numerical gquadrature is used for distant
element.

In order to ccmplete the formulation three additional relationships
are required: -

1. Boundary ccnditions, relating normelwash  to the generalized
coordinates gq (Eq. 2)

2. Bernoulll's theorem releting pressure coefficient C_ to
potential ¢ (Eq. 3)

3. Definition of generslized forces, e s 8&s functionals of the
pressure coefficient Cp (Eq. &)

Finelly combining Eqs. 1 to 4 one obtains the matrix E relating the
generalized forces, e to the generelized coordinates, qm.
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POTENTIAL NORMAL WASH RELETIONSHIP

HORING

?’Ezg’ (£ f’"?> @)
WITH ~
5§ ]
Tin= Gu(CrtsDu) e T (F L 5G )8 e +(G7)
Z =B e-se " ’
Jh T Jh

HYPERBOL o 1244. ECEMEN.

BOUNDARY CONDITIONS

GIVEN G;_U~?+§7'M/T4'm AND 3:»’1’,,«;7,”47{"
= 9¢. u.n YIELDS ~_-_-E 7 (2)
¢= N y=£&¢
BERNOULLI'S THEOREM
) ~ N~
( Y 2x YIELDS EP=E~" ¢ (3)
GENERALIZED FORCES
_ - -~ . -~ _ ~ -~ 4
{ = #(—c’,n»Mm,JZ YIELDS |e = £,¢, (4)
*. COMBINING
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This slide 1ows the flow chart for the program SOUSSA, and it is
presented in order to indicate how the geometric information is used in
the program. The check points will be discussed later. Here only the
function of each module is briefly described.

Interfaces
BODYG. CONTG amd WAREG: Elaborate the geometry input of checkpoints 1
and 2 (user oriented) into the checkpoints 5, 6 and 7 as needed in the

rest of the program.

Potential-normal wash relationship (mode independent)

COEFB: evaluates the body coefficients th, th, Djh and th
COEFW: evaluates the wake coefficients an, Gjn‘ th, ejn and Hn

YZMOD:. combines the above frequency-independent coefficients to yield
the frequency-dependent matrices [th] and [&jh].

Boundary conditions (mode dependent)

EIMOD: evaluates the matrix El relating Yy to 'E

Bernoulli's Theorem (mode independent)

E3MOD: evaluates the matrix EB relating ¢ to ¢
2

Generalized Forces (mode dependent)

E4MOD: evaluates the matrix Ez relating E. to §£

Combining

EMOD: evaluates the generalized-aerodyramic~force matrix
E= E4ﬁ3ﬁ25

ADMOD: implements an aerodynamic design method which yields the shape
from a prescribed pressure distribution.
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This slide presents the contents of Checkpoint #1 (input to module }
BODYG), which conraists of information describing the geometry of the
aircraft body. it is user-oriented in that the quantities required are
compatible with the output of state-of-the-art geometry preprocessors.
Also, if the aircraft is svmmetric with respect to the x~z plane, then
only the right half need be supplied. The same is true for the x-y plane.

Regarding the individual components of Checkpoint #1:
o The Cartesian coordinates of the nodes are assumed to be already

rotated; that is, the aircraft 1s oriented as desired by the
user.

o Referring to the exémple depicted on the slide, element number 1,
corner 1 vields node number 2.

o The bodv-symmetrv code numbers reflect whether svmmetry is
considered with respect to the x-z and/or v-z planes.

o The element code numbers provide information ~uch as whether

or not a wake emanates from an edge of an element, or if an edge
coincides with a hinge line, etc.
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CHECKPO/INT « 4

. ﬂ [ ]
o Cartesian coordinaktes of m:des/ 7?"

o 1:'1 (15 ) l:x) © ma trix fe/a?‘t'ng node number rfo

e/emen/" ma/ ecorner num-éers,

o 6ad7—s7mm&57‘7 code nambers,

o code numén-/m- elemenh (e.g. TE, hm(7c,..)
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This slide presents the contents of Checkpoints #2 (input to
Module WAKEG), #3 (input to Module E4MOD) and #4 (input to Module EIMOD).

Checkpoint ##2 consists of information describing the geometry of the
wake. By describing the wake as a collection of strips, many different
forms of input can easily be made compatible. If a wake strip is symmetric

with respect to the x-z plane, then only the right half need be supplied
(same for the x-y plane).

Also,

o Desired orientation of the wake with respect to the
aircraft is assumed to already be satisfied.

o The matrix that relates each wake strip no. with the
corresponding four trailing-edge element numbers is used in
evaluating the trailing edge values of the potential and
for determining the values of the pressure discontinuity
at the centroid of the trailing-edge elements.

Checkpoint #3 corresponds to the generalized-forces deformation
modes, and Checkpoint #4 corresponds to the boundary-condition deformation
modes.
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CHECKPOINT 4 2

e

Hotad

° Car Fes/an coordinates of corners Of'u/a/fc stps

. Symme*ﬁ codes for cach ship
Py Mafm'x fe/ﬂfI'HJ 'EQCA Sf'rl'/D o 7‘4.2 ;ow.—
wrrespom//ng fra///né tdﬁ—c C/CMen/'S.

o Number of element per Sh—f/?.

CHECK POINTS # 3 AND 4

2-D (.vccr‘or) modle s/mpcs, MM(PA)) at noc&e.;lph
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This slide presents the contents of Checkpoints 5 (input to module
COEFB) and #6 (input to modules COEFB and COEFW). These checkpoints are
at a lower level than checkpoints ##1-4 if one views the SOUSSA P flow
diagram as a top-down representation. The implications of this are that
these checkpoints are not as 'user-oriented" as higher-level checkpoints,
since program execution has progressed to this point. This is evidenced
by the fact that for Checkpoint 5, the same quantities as Checkpoint {1
are required except that symmetry conditions (and their advantages in
preparing geometrical input) are not considered. Furthermore, geometrical
quantities such as the base vectors and normals of ‘'rface elements are
not as readily available from geometry preprocessc. as the information
contained in Checkpoint f#/1. These considerations must be accounted for
by those users desiring to begin execution of SOUSSA P at this level.

For version 1.1 of SOUSSA P, the location of the control points must
be specified as the geometrical centroids of the body elements. For
future versions (first-order finite element formulation), the location
of the nodes will be the necessary input.
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CHECKPOINT #5&

o Same 7uan Tifres as céeak,bo/nt‘ 41, bufF

for com/;lefe_ «aireratt
® b‘(é—% I/CC—?LUI"‘s a M‘)d Z Md nor mal ;: XZZ

a/' cen Froids o)‘ elements /rr' comphﬁe. a:‘rc:—-aﬂ‘

CHECKPOINT # 6

o Cartesian coordinates of the conkol po/‘nﬂ,
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This slide presents the contents of Checkpoint #7 (input to module
COEFW). This is also not a top-level checkpoint, hence, its contents may

not be as "user-oriented' as, say, Checkpoint #2. For instance, at this
level:

o The coordinates of the wake elements (as opposed to the wake
strips) are required, and no symmetry conditions may be taken
advantage of (i.e., all the elements must be input).

o The matrix used in correction for the trailing-edge potential

values, for example, must be given for the elements comprising
the complete wake.

© Most peometry preprocessors would not provide the matrix of the
coefficients of influence of the trailing-edge elvments that
determines the value of the potential discontinuity for each wake
element. Note for SOUSSA P 1.1 these coefficients are simply 1

and -1, but for later versions, splines will be used to determine
these coefficients.




CHECKPOINT #7

o Cartesian coordinakes o/“ #Hee eorners of /-/u.
Wake elements for the enfire wake.

o Marrix re./ah'na cach wake e‘[eme»tf fo He
four trailing-<dge elements (san checkpeint 4 2)

7£0f Fhe enhire wa ke

Matn'x re{af/'né, each wake element fo M cocth a'etld

of in#uenul .t/.(/ dor Hw Hoo f-m‘lﬁa' ca%; elemments
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FLOW FIELD GRID GENERATION

1, DISCUSSION OF CURVILINEAR GRID GENERATION

2, EFFECTS OF INACCURATE SURFACE REPRESENTATION

. Steger |
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The accurate three-dimensional simulation of flow
fields by finite difference or related methods will
require a very accurate representation of the surface
geometry., Continuity of surface slope and curvature
is needed unless the configuration is, indeed, discon-
tinuous in these features. To support this view the
problem of curvilinear grid generation for finite dif-
ference (or finite volume and some finite element)
procedures is briefly sketched. The sensitivity of
the numerical solution to inaccurate surface represen-
tation is then illustrated with examples (numerous
examples of inaccuracy have been generated over the
years, but they tend to be quickly discarded).

Steger 1.
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Finite difference methods are used when nonlinear
effects such as compressibility and strong viscous
interaction are important. In a finite difference

problem a solution is obtained over the entire flow
field domain.

Steger 2.
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FINITE DIFFERENCE SIMULATION
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In the finite difference method the flow field is
discretized (or meshed) and derivatives are replaced
by difference spproximations. This process results in
a large nonlinear system of algebraic equations which
may require simultaneous solution. Generally the equa-
tions are sparse and well ordered so that efficient solu~
tion methods can be devised that are often amenable to
vectorized computer processing. This 1s especially true
if the aerodynamic configuration is forced to coincide
with a grid surface.

To maintain accuracy, grid points should be clustered
to the action regions of the flow field. 1In this example
points are clustered to the leading and trailing edge
of the airfoil, Viscous layers are resolved by cluster-
ing to the airfoil surface.

Steger 3.

' o



D I o o S S T T e T T R T

VISCOUS AIRFOIL GRID qcz%‘w N\
Ao \'
Op 4’@ 1
00426 s
N ™
/
1
|
1] : = ]
l _ - 1
ARG = i
A\ |
41N i
\\ |
a |
| -
i




S s T & e con et healiinac et S

In one form of grid generation, which is illustrated
here in twe dimensions, points are distributed on the
bodvy and outer boundaries. Curvilinear coordinates ¢
and n are then generated by the solution of an elliptic
equation that satisfies a maximum principle. By properly
choosing minimum and maximum values of { and 1n on the
boundaries (see sketch), contour levels of monotonically
increasing values of § and n can be found that trace
out a curvilinear coordinate system.

In practice, the elliptic equations are solved in a
transformed plane along specified £ and n coordinate
lines. The solution for x and y along ¢£,n coordi-
nates in the transformed plane then automatically finds
constant lines of ¢ and n in the physical plane.

Accurate surface representation enters into this
process only once, When the grid points are specified
aloug the body surface, they must lie on or very near
the correct boundary curve. Otherwise an error will
result, not in generating a grid, but in later solving
for the flow field about the correct configuration.

Steger 4.
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FROM SURFACE REPRESENTATION TO GRID GENERATION
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A grid generated by the previously described
procedure prior to viscous layer reclustering.

Steger 5,
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GRIJ GEUERATED BY LLLIPTIC EGUATION
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Grid detail near body surface after viscous
layer reclustering.

Steger 6.




RECLUSTERED GRID
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Small inaccuracies in the surface representation
of a configuration can lead to much larger errors in
predicted aerodynamic quantities. In this example
(furnished by David Nixon), airfoil ordinates are
slightly altered by placing sine-wave bumps on the
upper surface of the profile. The perturbed ordinates
are always within 1/2 percent of their correct local
value, yet the percentage error in the C_, distribu-

P

tion is in places much greater.

In general the computer processing work of gen-
erating an accurate surface representation is much
less than the work in obtaining an accurate finite
difference simulation. Consequently, the geometry
should be much more accurately represented than the
estimated accuracy of the finite difference method.

Steger 7.




EFFECT OF INCORRECT GEOMETRY ON C, DISTRIBUTION
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In this example of viscous transonic flow the
radius of curvature of the airfoil actually changes
near the leading edge. The finite difference scheme
responds to the change with the peak in pressure
distribution shown at the leading edge. A discon-
tinuity in curvature due to inaccurate surface repre~-
sentation will result in similar peaks in the pres-
sure distribution.

Steger 8.
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EFFECT OF DISCOHTINUQUS RADIUS OF CURVATURE




One possible mapping scheme for three
dimensions.

Steger 9.
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WELL ORDERED GRID MAPPINGS

PAP

ER AIRPLANE MAPPING ( THAMES )
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Another possible mapplng scheme for three
dimensions. The axis singularity is definitely
not a problem for certain formulations of the
transformed flow equations.

Steger 10.
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WELL ORDERED GRID MAPPINGS

WARPED SPHERICAL MAPPING
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A PLANFORM VIEW OF WARPED SPHERICAL GRID
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GRAPHICS STATION PEQUIREMNENTS
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FIGURE 2 - NASF CONF I GURAT I ON

NASA is at the preliminary definition phase of a project to create a

numerical calculation of turbulent flow over complex shapes. A

central element of the facility is the high-speed parallel processor
capable of computing speeds in the range of 10 floating point

operations/sec. (1 gigaflop). An essential feature of the facility

is a graphics station. The objective of this presentation is to
outline the general requirements for this station and to relate the

qualitative nature of the displays desired as well as the

quantitative levels of data required to create such displays.
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FIGURE 3 - SURFACE GEOMETRY

An obvious use of the station is the display of surface geometry.

Severai
techniques are available for such displays.

The configuration may be shown

by a line drawing system as a "wire-frame''.

Several display systems exist
that enable such pictures to be rotated

» zoomed, and clipped very rapidly

and give the impression of motion on the screen. This picture gains in

urface boundaries. At

possible to manipulate such a display in real-
because of the heav y computational

this time, it is no: time
load required to sort the surfaces

A third type of display, the shaded surface,
possible using video techniques rather than

into hidden and visible. is
line drawing. While these
they lack the fine resolution of
This author's opinion
type display is the mose useful for this station

pictures gain a great deal of realism,

the line drawing system. is that the wire frame
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FIGURE 4 - 2-D AND 3-D FLOW FIELD GRIDS

Previous speakers have alluded to the problem of computing grid points

at which finite difference methods are used to compute solutions to

non-linear partial differential equations.
station is the display of such grids.
for the 2-D qrid

One use of the graphics

While this is clearly feasible

. the 3-D qrid contains so many lines that it is

confusing. Clearly. some innovative techniques will be required to

i
allow the user to understand the network.
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2.D AND 3-D FLow FIELD GRIDS
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FIGURE 5 - PHYSICAL RESULT

The results of the aerodynamic calculations must be presented to the
user of the simulation facility. As with the 3-D flow field qrids,
considerable innovation will be required to present meaningful displays.

A combination of dynamic displays with variable intensity and color

will probably be required.
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FIGURE 6 - PRESSURE D!SPLAYS

A number or weil~known techniques are available for display of pressure

These are not easily adapted to f
Again

distributions on wings.

uselages and

blended configurations. » considerable innovation wil} be required
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FIGURE 7 - SURFACE GEOMETRY - WING

!
The next 7 figures are an outline of the data requirement for surface

geometry and flow field grids. A wing of reasonable complexity could

be represented by either of 1) a dense set of data; 2) a set of spline

curves; or 3) a set of parametric patches.

representation used

Regardless of the

» the data requirements are approximately 103 points.

P

p
+
L
1
:

3




ST e T R T T

%

nQ SiMod wiNQ w10 : NOISAID o

S A e A M e e Sl

096 J0+L\n+:_om gy X o—‘.—.n\SJo#d&h X ub)).—-m V
| - TP

0zZsS | u...._»w\x.m ﬂ«... s{oAragm xmv X au.:_uw (e}
| q
Ad:..-kﬂ\ﬂ—ai»u*‘- ol) - gﬂlﬂ- ._
oooa : 1 71} .vy ﬂ”.ﬁy OW ® :0&0 D
. \ Q
hf‘-& ﬁv‘ﬂ a) _

TP W

SNIM - 12134039 35v430S

!
.
,w




FIGURE 8 - SURFACE GEOMETRY - NACELLE |

In a similar way, a nacelle requires also about 103 points.
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FIGURE 9 - SURFACE GEOMETRY - FUSELAGE

There are different types of fuselages - either transport or

fighter. It appears that transport fuselages will require about

1000 points while fighter fuselages will require about 5000
points.
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FIGURE 10 - SURFACE GEOMETRY - INTERSECTION

In the region of component intersections, some detailed definition is |

required. A typical intersection could have approximately 3750 points.
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FIGURE 11 - SURFACE GEOMETRY

To build up a rather
idealized configuration of 3 transport fuselage, 2 or 3 wing

~like surfaces and

1 of 2 podded nacelles will require about 5000 Points. A more detailed

configuration with complex fuselage, several intersections and the fuyll set

of wings and tails would require about 105 points.

of course, g truly detailed
airplane configuration with control

high 1ift System, externa] stores
and armament (syc

ld easily require 10% op even 10’
nition. However, it is doubtfuyl

h as a wind-tunne] model) couy
points for jtsg defj

if configurations of this
'y in the foreseeable future.
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FIGURE 12 - FLow FIELD GRiD GEOMETRY

grid is approximately 106 points.

ke e




QA3z2NvaA 304 QIAD

u‘.ur: o -0?

QI OSINN]




| 4
FIGURE 13 - DATA VOLUMES
k
1_
;
‘ From the previous 2 figures, the surface geometry and grid geometry require- :
ments are seen to be about 10 and 10° » respectively. All other results

are related to these figures. About 10 physical quantities are computed at
each computation point, thereby giving 107 points in the field and 10° on

the surfacc. 3y integration into quantities such as spare loadings, moments, '
etc., this data is further compressed.
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FIGURE 14 - TIME TO MOVE DATA

Now that the sizes of the various pieces of data are known, the times

required to move data from one computer to another can be estimated. The

speed limits associated with various facilities are shown on the horizontal

T e e

axis. Several points are of interest. |f telephone grade lines are used,
it is impractical to transmit more than 10" words. Even with high speed lines,

il v, R e

the input/output limitations of most minicomputers are limtied to the 10%-105
bit/second range, making the process of transmitting a 3-D flow field grid a
matter of an hour or so.
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MACHINE SHOP AND WIND TUNNEL : i
MODEL REQUIREMENTS
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WALTER MANN - NASA-AMES RESEARCH CENTER
March 1, 1978
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Mann 1

In this talk it fs desired to focus attention on and place 1n perspective the machine shop's role
in wind tunnel research. Clearly this role includes the fabrication of airfoil shapes that are

to be instrumented and tested. In many cases i1t 21so includes fabrication of wind tunnel components
such as rotor blades.
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Mann 3

To fabricate the airfoil shapes the machine shop will usually employ numerically controlled (N/C)
machine tools. The data that controls the operation of these machine tools will usually be gener-
ated on computers by N/C programs of which APT is the best known but not the only example. It

is at this level that I wish to focus attention - on the ra2quirements and performances 0: the N/C
programs that produce the cutter path data for control of the fabrication process.
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An input requirement of tie N/C program s that shape geometry be defined according to established
- format. If the geometry definition requirement fs
R

met, the shop part programmer may then write q
instructions for an N/C Program to calculate a cutter path and provide associated machining data.
In theory this is al} there 1s to it.
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Mann 7

be translated. rotated o

» If the given data need only |
r scaled

if the data is to be -
or 1f it is to be extracted by digi-
» 1t may well present difficulty.

c programs, even at th
Indeed some ar
where he has a choice,

rithm. One comment on

1s late stage in !
e more reliable than others

to reformylate the data in the
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Now let us return to the first stated reality - the need to reformulate input geometry to accept-
able form.

Present N/C programs taken in their totality allow geometric input of three basic types:
1. Pure analytical - planes, conics, quadrics, general parametrics, etc.

2. Pure discrete - points and vectors for tabulated cylinders and meshes of points and
vectors for sculptured surfaces.

3. Composite of both analytical and discrete.

1
|
i
i




.1!1114' i e Sl A A A G e S i, e S L e A c J

JULFAISIT GVY TYILLATHVY T LISOdHOS (&

STOMRINS QFALLLTNIS ¥0F SHOLIIN
GV SLMIGd 0 SIHSIW ANY STAIGHL 04
SHQULIIA ANV SUNIOL -TL1FHISIT T (2

m
|

SOl LIWVvE THRINTO ‘SoIMAVNIO
SINOD“SIVV I - TVILLATYNY Jard

NOILIN/FIT AHITNOTD FO0
STdAL ISV FIIHLMTTTV SWVIOOST IN F




'é$

e
. — ~—-

m"

Mann 11

If the engineer describes a shape by pure analytic means (please no differential equations) then
he may expect an adequate representation of the shape in the fabricated part. However, if the
engineer describes his shape with discrete data (less than a semi-dense set) then he must be

aware that this data must be fitted to equations by the part programmer before it is input to the
N/C program or that its fitting is a function of the N/C program.
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Mann 13

If the data adequately characterizes the shape in terms

If it does not, the question is always whether the data
is at fault.

of the fitting procedure, no problem arises.
1s iradequate or the fitting procedure
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Thus whenever discrete data 1s presented to the machine shop the engineer is not out of the woods
until he can accept the final fabricated shape or some intermediate verification data.
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Mann 17

What then is the best shape definition for the machine shop? Analytic data.

best? Discrete or composite data for which N/C program fitting procedures &
able. What 1s least desirable? Just points,
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IPAD SYSTEM ARCHITECTURE

GRAPHICS ARCHITECTURE WITHIN IPAD SYSTEM
GEOMETRY STANDARDS & IMPACT ON IPAD
GRAPHICS STANDARDS & IMPACT ON IPAD

STANDARDS & RELATIONSHIP TO EXISTING CAD SYSTEMS
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IPAD - GENERAL SYSTEM ARCHITECTURE

IPAD as a system has been designed to this point within a total corporate complex and its use of computers.

Part A of this viewfoil shows the topmcst consideratinn in this general system architecture and envisions

that a corporate complex is comprised of several CAD/:AM complexes which communicate with each other
through a corporate network.

The CAD/CAM complex in turn is composed of several computer complexes, each of which have their local
data base and they in turn communicate with each other through a local network which has attached to the
local network, a global data base and an IPAD global data base.

In general, these two networks have markedly different communications characteristics. The corporate
network is characterized by the utilization of normal communications or microwave media and is character-
ized by speed in the order of kilo baud. On the other hand, the local network ucilitizes specialized
communications technology and a series of microprocessors. These microprocessors provide the means for
attaching heterogeneous computers to the local network. The local network operates in distances in the
order of thousands of feet and at speeds in the order of megabaud.

Within any one of these computer complexes, we find a host computer, its local data base and an IPAD local
data base. An interface between the host and the IPAD system, the IPAD system and a body of non-IPAD
program application programs as wcll.
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INTEGRATION OF GEOMETRY-GRAPHICS INTO IPAD SYSTEM

This slide repeats some of the elements of a computer complex and some of the elements of the IPAD system
architecture. In addition, as shown in the highlighted portion of the slide, the particular components
that are associated with the Geometry-graphics system are indicated. Shown here are: 1) IPAD Geometry
Standard Utility, High-Level Graphics (HLGR) which is optional. HLGR provides high-level FORTRAN-callable
subroutines that is not purely graphics (e.g., data modeiing, plotting formats). They can be considered
graphics-related macros which are used to generate frequently used displays; and 2) the IPAD graphics

primitives.

The IPAD graphics primitives and the IPAD geometry standard utility will be discussed in detail in the
following slides. It should be noted from this slide that the graphics user interfaces with the host
operating system (using graphics interface seftware) who in turn interfaces with the IPAD exzcutive.
Through the IPAD executive, the graphics user has access to the analysis programs and the vairious compo-
nents of the IPAD system.as shown. The graphics user also has access to the data base through the IPAD
information processor, and access to the local network and all the resources that cascade outward from

the local network as shown on the earlier architecture slides.
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INTEGRATION QOF GEQMETRY - GRAPHICS INTO I P A D SYSTEM

® CAD SYSTEMS
ANALYSIS PROGRAMS e F. E. MODEL GENERATORS
e GRAPHICS UTILITIES

I PAD GEQMETRY STANDARD UTILITY

(e 3=

[ PI1P-1PAD INFORMATION PROCESSOR

HOST OPERATING SYSTEM

GRAPHICS USER DATA BASE see

LOCAL NETWORK '
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DISTRIBUTED IPAD LOCAL NETWORK EXAMPLE

As mentioned, the graphics user has access through the host operating system to the local network. The
IPAD architecture anticipates as typical implementations of this distributed architecture, a variety of
processers (computers) which might be specialized to particular tasks or processing requirement (i.e.,
graphics nodes). Such an example of processing requirements is shown on this slide where, associated

with the prime might be finite element modeling, associated with a larger processor like a CDC CYBER
finite element analysis and so forth, as illustrated. It is the intent, presently, of the IPAD develop-
ment, to allocate a CAD system such as AD2000 to a DEC PDP/11-70 processor and to associate this processor
with other processors in the network as shown here.

REM | 3-1-78
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DISTRIBUTED [ P AD NETWORK EXAMPLE

F. E. MODELING

F. E., ANALYSIS

(PRIME) (coc CYBER) (INTERDATA)

CAD

1.E. (GERBER)

(TANDEM) (DEC) 1 P)
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IPAD GEOMETRY STANDARDS

This slide discusses various standards items and their impact on the IPAD system design. Standards would P
be concerned with primitives covering point, curve and so forth as well as primitives for text and dimen- ;
tioning, etc. Such primitives thus cover the aspects of geometry as well as drafting. Secondly, rela- y
tionships between the primitives are of concern covering items such as union replication. Thirdly, geome- :
‘ try model management is also a concern. Model management cover aspects such as save, restore, and copy i
‘ for dealing with models which have been constructed through the use of primitives and primitive relation-
ships. Such models represent the needs of analysis, parts for manufacturing, kinematic studies, and so

forth.
These standards impact various aspects of the IPAD system design. As an example, it is anticipated in the 1
h language area of the IPAD system that a geometry data definition language and a geometry data management

language will be required to be implemented, and in the case of the geometry definition, all of the primi-
tives are of direct impact upon this language. Similarly, the primitive relationships have a direct im-
pact on the manipulation language.

The data management aspects of the IPAD system are impacted very heavily by the requirements of model p
management. Thus IPIP, the data base management system utility in IPAD, will be directly influenced by
the data structures that are implied in the model management aspects of the standard as well as the parti-
cular data structures associated with the primitives and the primitive relationships. This portion of the
IPAD data manager will have to be tailored for high performance to meet the response time requirements of
a highly interactive user engaged in geometry modeling.

The data communication implications of the standards will have an effect upon both the local data base and
global data base aspects of the architecture as shown on the earlier configuration charts. The highly
interactive dialog work is expected to be handled, on a data communication basis, through the local net-
work and to be handled between not only the local data base to the local data base, but also be handled
internally within any given processor to the local data base directly. Large data volumes and traffic
over longer distances which might take place between the various CAD complexes as shown on the earlier
architectural slides, would be handled at lower speeds on a corporate netwark.

T WAL Ny P Py e T YOT
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! LPAD GEUMEITRY STANUAKRUS

STANDARD ITEM IPAD SYSTEM DESIGN IMPACT
PRIMITIVES ~=—mme LANGUAGES
POINT ~~—~—f~—_GDDL - GEOMETRY DATA DEFINITION LANG.
§3§¥§cs GEOMETRY _~GOML - GEOMETRY DATA MANIPULATION LANG.
SOLID #” QUERY - PRIMITIVE OR MODEL LEVEL
TEXT MODEL MGT.
DINENSIONS j] DRAFTING‘/,,f’
' yd
\ : / DATA MANAGEMENT
, IPIP (DBMS) UTILITY
PRIMITIVE RELATIONSHIPS
- DATA STRUCTURES SUPPORTED
UNTON
REPLICATION _ TAILORED FOR HIGH PERFORMANCE

DELETE

—-— DATA COMMUNICATION
——

Y :
_'_“______’________,_,.-—-- - DATA VOLUMES AND TRAFFIC ON

MODEL == LOCAL NETHORK
MODEL MANAGEMENT
- RESPONSE FOR HIGHLY INTERACTIVE
SAVE DIALOGUE
RESTORE

: COPY
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GEOMETRY MODELING PROCESS

The various elements of the IPAD system and the geometry standard utilities are shown in relation to the A
geometry modeling process.

A user, through his terminal and the host system, is attached to the IPAD executive IPEX. Through IPEX §
the user has 1) access to IPIP for direct access to GDDL, GDML, Query and Model Management activities in :
the Local IPAD D.B. or the Global IPAD D. B., and 2) access to the IPAD CAD system and the IPAD geometry :
standard utility for constructing, manipulating, editing and managing 3D geometry models. During the !
modeling process, the model will be in the Local IPAD D.B. However, the model management utilities of

IPIP provide for functions between the Local and Global Data Bases. Finally, the various geometry models
of interest to a community of users are stored in the Global IPAD D.B.

REM 3-1-78
PAGE 11| OF 17
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USER TERMINAL
GDDL
PT1=PoINT (X,Y,2)
- LNzZ=LINE(PTL PT2

'#

GEOMETRY MODELING PROCESS

CAD SYSTEM

GDML

SET 1= UNION (IN 1, IN 2, LN 3)
SET 5 = UNION (SET 1, SET 2)
DELETE = (POINT, PT 1)

3 - D GEOMETRY MODEL

®
-
[ Jones

IPEX

QUERY
PT 3 = Assoc (POINT)

ARC 3 =

DIRECT USER INPUTS

M (AR C)

-+— GLOBAL DATA BASE
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IPAD GRAPHIC STANDARD

This chart illustrates the various elements that are utilized when displaying pictures of models which have
been created, and illustrates in addition, the location of the IPAD graphic standard elements. The user
would utilize, from the IPAD data base, various analyses, graphics utilities, and high-level graphics rou-
tines to construct, through the use of the graphics primitives, a set of pictures, finally building up a
virtual display file. This display file could be saved for other postprocessing needs. The display file
is passed to the device interface software. The display file could be passed directly to the smart termi-
nal, In the case of dumb terminals, the device interface software would map the display file into the
routines associated wit h displaying the picture. Similar processes would take place to off-line plotting

devices.

The core primitives are the simplest graphics tools. Primitives include: Input, output, segments, attri-
butes, view *ransformations, and control. They embody the concept of portability and graphics standardi-
zation. The graphics primitives are designed to allow easy creation and component modification of graphic
displays. Primitives are not designed to modify the user's data structures directly when CRT changes are
made. The responsibility for modifying data structure resides with the application program responsible
for the data structure (e.g., CAD). However, "hooks" are provided by the primitives to allow a program to
propagate changes made on the CRT in the data structure produced by the application program.
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I PAD GRAPHICS STANDARD

I PAD DATA BASE

Fh-n-_--nun---------1

HIGH LEVEL GRAPHICS ROUTINES
l

==

o PRSI VTN JURRTTPETSEE RIS LSS Yo naetleas

b R 1
1PAD ] |
GRAPHICS STANDARD }

DEVICE INTERFACE SOFTWARE

"SMART"” TERMINAL "DUMB” TERMINAL OFF-LINE PLOTTER
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GEOMETRY AND GRAPHICS STANDARDS IN CAD SYSTEMS

Generically, a CAD system has such major elements as geometry-related analysis routines, transformation
capability between the geometry and the graphics routines, provision for user interaction data management,

and contains procedures for %z1dling both geometry and graphics. Typical of such systems are CADD, AD2000,

and CADAM. Each CAD system has its own unique method of handling geometry. Therefore, communication be-
tween CAD/CAM systems and related D.B.'s become a major problem. The IPAD geometry standard will provide
a common basis to which each can be interfaced and thus reduces the number of translators required. Such
systems are characteristically used to accept data from a user and to produce either models, geometric
models of particular entities of interest and also to display pictures of those models. Modeling process
uses geometry standards.. In this picture we show that the IPAD geometry standard is intended to encom-
pass the work to date of the ANSI Y14.26.1 committee, plus additional items such as drafting standards,
which were mentioned earlier. Similarly, there is an IPAD graphic standard which is based primarily on
the work of an ACM SIGGRAPH and augmented by basic drawing elements. It is the intent of the IPAD program

to develop an IPAD geometry standard based upon the ANSI work and an IPAD graphics standard, based upon
ACM SIGGRAPH work.
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GEOMETRY AND GRAPHIC STANDARDS IN C A D SYSTEMS

GENERIC C A D SYSTEMS

GEOMETRY RELATED
ANALYSIS ROUTINES

TRANSFORMATIONS BETWEEN
GEOMETRY AND GRAPHICS

GRAPHICS

USER INTERACTION

GEOMETRY

)

T

Y

I PAD GEQMETRY STANDARD

ANSI ¥ lli 26 1

”PlCTUREi}" GRAPHIC DISPLAY DEVICE

I P A D DATA BASE

CAM
ETC,
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FUTURE USE OF IPAD GEOMETRY AND GRAPHICS STANDARDS |

IPAD graphics standard has the potential of being adopted by such standards bodies as the ACM SIGGRAPH
and the ANSI committees. In the future we would expect that systems would be designed and built with

this standard as a basis and that for the interim, the existence of the IPAD standards would expedite
*he integration of such systems into an IPAD environment.

From the point of existing systems, two different strategies are available to us. With respect to geo-
metry, we have the option of translating, as shown on the previous slide, between the IPAD geometry stan-
dard and the geometry standard of the particular commercial CAD system in use, thus creating an interface.
Or, directly replacing those particular geometry portions of the commercial CAD system and associated data
management. In the case of graphics, we anticipate that it will be necessary to replace the graphics rou-
tines directly with the " ’AD graphics primitives. The geometry and graphics associated routines in

AD2000 are being investigated at our development site, to determine the relative effort to interface or
replace.
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FUTURE USE OF IPAD GEQMETRY AND GRAPHICS STANDARDS

FUTURE SYSTEMS

0 DESIGN AND BUILD WITy STANDARDS AS A BASIS,

0 EXPEDITE INTEGRATION INTO AN IPAD ENVIRONMENT,

~ EXISTING SYSTEMS

GEOMETRY ASPECTS

GRAPHICS ASPECTS

(1) INTERFACE TO 0  REPLACE WITH IPAD

OR GRAFHICS PRIMITIVES
(2)  REPLACE WITH

0 IPAD GEOMETRY DATA

0 MANAGEMENT UTILITY AND
ASSOCIATED DATA BASE
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QUESTIONS THAT MIGHT BE DIiSCUSSED IN PANELS !

FANEL J: REQUIREMENTS

l.

How accurate rust be the surface location, slope and curvatures (o give !
acceptable aerodynanic calcuiation results? '

2. Spline methods (linear or higrer corder interpolation) introduce some dogree X
of artificial waviness. At what point does this introduce significant !
errors in aerodynanic calculation (or measurement)?

3. Real aerodynamic shapes usually have discontinuities in the surface such

as sharp edges, corners, gaps and inlet/exhaust holes. How precisely do
these need to be specified?

e m

4. Aerodynamic calculations often involve several iterations or cases that
call for minor adjustments in surface shape, flow conditions or paneling
censity/distribution. wha: is a '‘'reasonable turnaround time'' between
aerodynamic analyses? This question could be stated as: What ''turnaround
tire'" would causc serodynumic analysts or researchers to abandon or hardly
use an available computerized geometry method? !low much input and re-
input would be inhibiting?

e e

5. The original acrodynamic shape specification can come from a number of
sources; drawings at several levels of detail, lists of coordinates,
systems of equations or coefficlents, actual! wind tunne! models or aircraft.

Should a surface representation system accomodate all these sources? What
checking methods are needed?

6. 1s it time to discuss standardization?

'y
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Analytlcal Surface Description

Parametric representation of unit spherical surface

X =cos A sin @
Y = sin 8 sin §
z = cos

Two parameters 0,0 required to renerate surface in 3-D

P

-
-
. -eewe”

Vector parametric eaquation

§ = (sin cosP), + (sinl sinB)E, + (cosdlF,

Parametric tangents

ot

Twist vectors, (Cross derivatives)

w |
D

35 S
203} ° 3’59

surface normals (Cross rroduct of two tanrent vectors)

x 3§
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N =23
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Analytical Surface Description

Some PADL primitives

|

{

Sample composite .nject
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Analytical Surface Descrintion

ADVANTAGES

Fxact mathematical description
Mo storing large quantities of data polnts
Secondary surface properties easlly derived

l.e. surface areas, volumes, curvatures, etc.

No Interpolation schemes necessary

NI SADVANTAGES

Limited class of surfaces addressabhle
Mathematics of composite objects relatively complex
Problems not yet solved Include boundary condlitions,

smontheness, oblique anglc Iintersections, fillets

NESIGMN SYSTEMS / UTILITY

PADL system (Part and Assemhly Dascription Languare)

Niscrete nart description

v
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Rilinear Surface Description

MATHEMATICS

QCu,w) =[(1-u) u] [p(o,o) p(n,lij [1-]
)

P(1,0) P(1,1 w

ADVANTAGES

Simple to construct/irplement
Points on surface linear combination of patch endpnints

l'ser not involved with parametric tangents, etc.

DISADYANTAGES

Mot & flexible multi-purpose technlaue
A single natch is not a curved surface

Mo more than first order continulity anywhere

'e
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Lofted or Ruled Surface Description

MATHEMATICS

Qlu,w) = P(u,O) (l1-w) + P(u,l) w

ADVANTAGES

General Scheme

Can accommodate different curve types(polynomial,spline,etc)

DISADVANTAGES

Contains curves on only two sides of patch
Linear interpolation scheme in one direction

)
C fairness across patch boundcdaries

'y
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Linear Coons' Surface

MATHEMATICS

Q(u,w) -[(l-u) u] [P(O,w)] [P(u,O) P(u,l)] [l-w]

P(1,w) w

- [c1-w ] E’(o,m p(o,n] [1-w]

P(1,0) P(1,1)] | w

ADVANTAGES

Allows curve on all four sides of patch
Supports different curve descriptlions

Linear blendinr easy to implement

DI SADVANTAGES

Some curve types could be involved mathematically
Linear hlending functions determine Internal

surface shape (regardless of curve type)

'#
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Overhauser-Coons' Surface

-

T ~—

MATHEMATICS

Qlu,w) = P(u,N)Blw) o P(D,w)R(u) + P(u,l)&(w) * P(1,w)R(y)
-P(0,0) B(u)R(w) - P(1,0) By B(w)
-P(0,1) B(u)B(w) - P(1,1

where: Blt) = 1 - 3., 2¢"

Bt) = 3¢°. 5

are the 'Rlending Functions!

and the P(u,w) are

the Overhauser curves
forming the patch boundavjeg
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Overhauser-Coons' Surface

ADVANTAGES

Improved algorithm for fast computation
Facilitates thé use of 'Shaping Tools'

Retter local control than cublc curve techniques

DISADVANTAGES

Large node displacement may cause spurlous wiggles

Adding a point to curve affects 3 curve segments

Moving a point affects 4 neighboring curve segments

Normally 12 adjacent patches are affected by the
displacement of a single point In common to 4 patches

Complex data structure/data handling faclilitics

Storage requirements - data points and tangents

]
C falrness across patch boundaries

DESIGN SYSTEM / UTILITY

Three Dimensional Design System =-- J. Brewer (1977-Purdue)

Total software implementation (no special hardware required)

ek dacat Laaee

e e e



Blcublc Surface Description

MATHEMATICS

Q(u,w) = [R,(u) R{u) B(u) B,(u)] | g;((w;
w

B(w)

B{w)

where RI(t) are the cubic 'Blending Functions'

[Beer neer meed mees] = [€ € e ][ 2

=2 1 1
=3 3 =2 -1
0o 0 1 0
1 0 0 O

*

and P Is the boundary condition matrix

p— ' -———
corner : w-tangent
coordinates |, vectors
i
u-tangent , twist
vectors 1 vectors
- ! -
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Ricublc Surface Descrintion

ADVANTAGES
T~

Well proven and widely used method

DISANDVANTAGES

\

Not readily adaptable to surface 'Shaping Tools'

Three auantities (position ,tangent vectors,twist vectors)
all must bhe worked with to manipulate surface shape

Hard to have intuitive feel for surface shape control

Calculation difficulty is high (matrix inverslion)

Poor local curve control

Must split curve to represent knuckles

Cz falrness

Large storage requirements

Spurious wiggles from parametric cublcs

NESIGN SYSTEM / UTILITY

MASA / Ames system
HUIDEF -- Maval Ships Engineering Center

Planned Neslgn
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Bez!er Curve and Surface Descrintion

MATHEMATICS

Curves

R(s) = 2, & (s) R

{ve

] . H
where @§;(s) = (l) s (1-s) "

€ = polyron vertices

Carteslan Product (Tensor Product) Surface

B (s.t) = ;;:;:_‘:Q;(w | AN

/2.
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Bezler Curve and Surface Description

ADVANTAGES

Low storage requlrements -- polygon points

Himh order curve and surface falrness

Intuitive user Interface to surface contro!
tangent and twlist vector control parameters
manipulated by placement of polygon points

Interactive curve approximation shown effective

Ab Initlo surface design capabilities

Varliatlon diminishling propertlies

D1 SADVANTAGES

Local curve control poor

Concatenating Rezier curves and surfaces not well developed

ising high degree polynomials, some smoothness lost

computation costs increase proportionately

DFSIGN SYSTEM / UTILITY

UMISURF System -- Reple Renault

T
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B=-Spline Curve and Surface Description
MATHEMATICS

Curves

CCt) = DB N, (t)

PED

where P, = polyson vertices
N. = basis functions

,
»,K

the N matrix

N".' N"F’,‘ L) N‘.k“l.

N‘.t "i'hz,k
Ni,n :
@ N«

- d

Cartesian Product Surface

Qu,w) -ZZ Froe, g0 N, (u) Mg (w)
‘- i ’ 4

PANF 14
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B-Spline Curve and Surface Description

ADVANTAGES

Well condlitioned for curve order less than 20
Local basis s.t. at every point only k basis ¢ 0
Low storage requlrements -- polygon polints
R-Spline formulation contains Bezler as a speclial case
Good user control handles for manipulating surface
No. and placement of polygon vertices
Multiple (repeated) polygon vertices
Order of curve 2% k€ no. of vertlces
Ab initio curve and surface design
Follows polygonal form more closely than Rezier curve
Cood local! curve control

Variation diminishing property

DISADVANTAGES

Mot well developed as a curve fitting technlque

Calculation difficulty moderate to high

PESIGN SYSTEM / UTILITY

tiniversity of titah System -- J.H., Clark (1974)

B o
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SUMMARY

In conjunction with research belng conducted by the
Mechanical Engineering Department at the Unlversity of
Connectlicut In the area of three dimensional model
generation, & review of the 1lterature has been conducted.
The toplics of primary Interest were (1) Mathematical
techniques for three dimensional surface representation and
design and (2) State of the art in three dimenslional
computer model generation. This presentation to the NASA /
Ames workshop on Alrcraft Surface Representation for
Aeordynamic Computation Is a summary of the Investigation
Iinto topic (1) above.

S.M, Staley
P.R. White
R.E. Garrett

March 1978
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Presentation Summary:

Visual 3D Interaction
with Parabolic Blending

Avoeesono L

D. C. Anderson
Purdue University

presented at

Workshop on Aircraft Surface Representation
for Aerodynamic Computation
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NASA - Ames Research Center
March 1-2, 1978
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Introduction

Curve and surface algorithms have received ever-increasing
attention during recent years. Bezier and Riesenfeld.introduced
algorithms that allow more intuitive control of shape than the
earlier developed Coons formulation. A lesser known parametric
curve description, known as parabolic blending, was developed
by A. W. Overhauser in 1968 at Ford Motor Company. This formu-
lation offers unique advantages to interactive curve and surface
manipulation because it is based solely on coordinates on the

curves, and not parametric derivatives.

Formulation of Overhauser Curves from Parabolic Blending.

c(d)= U—'*)P(r) +t Q“)

Parabolic blenlding consists of a parametric blend of two

parabolas p(r) and q(s).

c(t) Pe

Figure 1 An Overhauser Curve

p(r) and q(s) are plane parabolas constructed from the first
three points, and the sccond three, respectively.
Ancemscen — [

-

R R B —

pegsod S




The curve is a blend of these parabolas between the inner

two points.
?Cf). If‘ r HB
q(s)' ir'r' “C‘

Each parabola can be expressed as a quadratic in its

parameter.
cw=1et 1A

These can be combined via a linear relationship between

r and t, and s and t, resulting in a cubic space curve.

Figure 1 An Overhauser Curve

c(t)= [t' t < TS h Y

.J,“ (o]




By arbitrarily assigning a value of r = 1/2 at t = 0, a
compact, easy to construct formulation is found, depending only

on the space coordinates on the curve.

A series of blended curves is cons:ructed easily by
sequencing the selection of the four points. First derivative

continuity is maintained as a consequence of the c(t) formulation.

If a discontinuity in the first derivative is desired, off-
curve points can be introduced. In this manner, these points

allow flexible shape control similar to Bezier's design points.

figure 4 An Overhavser (urve with
Two Coincident Points

ANDERSoN -3




This formulation also allows two points to be coincident

without numerical difficulties.

A surface can be constructed from Overhauser curves by
several methods. Overhauser suggested that sets of four points
on "parallel” curves be used to form a parabolic "blend" across
an interior patch. The '"traces'" could be calculated in the
opposite parametric direction, or the two could be averaged if
desired. In any case, the surface shape depends upon sixteen

adjacent coordinates.

Interaction

Overhauser curves anld surfaces were added to an interactiv=2
3D design system being developed in the Computer-Design and
Graphics Laboratorv in the School of Mcchanical Engineering at
Purduec University. lhe system also allowed Coons' bicubic
surfaces to be interactively manipulated using an Imlac PDS-1

refresh display connected to a PDP 11/40 minicomputer.

ANDERSans - ¢
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Py

An Overhauser Curve is constructed by placing points in
3 space with a dynamic 3D cursor. The curve is m .nipulated by
"picking-up" a point and dragging it. Affected segments of
the curve are intensified by the system. New points can be

easily added to the curve in the same manner.

OR'G'NAL PAGE
|
% POOR QUALITY

ANDGESen -5
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A group of points forming a curve or surface can be
manipulated using a shuaping tool, such as a plane. The 3D
plane is defined by the designer, and points "stick" to it
as it moves in spacc. This illustrates one flexibility
afforded by the Overhauser formulation.

The ten minute film shows the 3D design system in action,
including the manipulation of Coons' and Overhauser curves

and surfaces.

(b)

(c)

/4!106250\.)?




An Overhauser curve is created using the 3D cursor, and

a8 planar shape tool is used to "flatten'" the curve.

A cylinder consisting of cight Overhauser surfaces is

generated and truncated with the planar shaping tool.

ANDERSN -7
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REPRESENTIVE GRAPHICAL DISPLAYS

Graphical displays can take many different shapes and forms. The ultimate goal

is to obtain as high a quality representation of the actual data as possible as

cheaply and quickly as we can. In doing this, we should consider the ultimate

potential of the plotting device as well as the data itself.

1 RAU/LARC
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Reoresentive graynical Cis~lays
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RASTER SPACE-LINE PLOTTING CONCEPT

method. The raster space can be thought of as an nxm grid of points to which the
plotter can position itself. The plotter then draws in'straight line segments
between node points. Some plotters yse methods breaking down such segments into

subsegments, 1f.necessary.

3 RAU/LARC
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POINT-THINNING CONCEPT

A curvilinear line may be broken down into line segments at the programming level

rather than the plotting device level. This is especially beneficial in working with very

dense data representations, since many calls to the actual plotting routines may then be
bipassed.

In this example, a reasonable curve representation could be specified with just
nine calls (circled points) to the plotting routines.

RAU/LARC
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FORTRAN IMPLEMENTATION OF POINT-THINNING LOGIC

FORTRAN code implementing a point-thinning technique is illustrated by the
DO loop as shown. Input x-y data to be plotted is provided in the XLOC end YLOC

arrays. The AMULT factor is the number of rasters per unit of plotting length,
2.g9., 200 rasters per inch for most CALCOMP devices. The IFIX function converts
a floating point number to the integer mode. The CALPLT routine is the actual

down (=2).

plotting routine. In its call, the third parameter snec’7ies pen up (=3) or pen 1

7 | RAU/LARC




et ] o o ST T T -

FORTRAN IMPLEMENTATION OF POINT-THINNING LOGIC

FORTRAN code implementing a point-thinning technique is illustrated by the

| DO Toop as shown. Input x-y data to be plotted is provided in the XLOC eand YLOC

R arrays. The AMULT factor is the number of rasters per unit of plotting length,
2.g., 200 rasters per inch for most CALCOMP devices. The IFIX function converts

ER a floating point number to the integer mode. The CALPLT routine is the actual

plotting routine. In its call, the third parameter snec:iies pen up (=3) or pen i
down (=2).

;
|
|
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FORTRAN implementation of point-thinning logic




TYPICAL POINT-THINNING PROGRAM QUTPUT

The point-thinning logic has been implemented in an independent plot proqram
used to plot from real-time analysis runs in the tatch mode. In this example,
there are twenty-five data points per second. Thus somewhat over 1000 points were
examined for each curve. Obviously some curves are more active than others and
required more data points to be plotted. Visual comparison with methods plotting

every point showed no difference in curve representation.
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RESULTS AND CONCLUSIONS

Typical results from the real-time data plotting program showed that about

90 percent of the points could be skipped in the actual plotting process. This
resulted in significantly reduced CPU time and reduced 1/0 activity. Similar

benefits are anticipated for interactive graphics applications.

11 RAU/LARC
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RESULTS AND CONCLUSIONS

0 NORMALLY MORE THAN 90 PERCENT OF THE DATA POINTS COULD
BE IGNCRED.

o CPU TIMES WERE REDUCED TO ABOUT 30 PERCENT OF THEIR
FORMER REQUIREMENTS IN THE PLOTTING PHASE.

0 RESULTING PLOT VECTOR FILES (INCLUDING TITLES, GRiDS, ETC.)
WERE REDUCED IN SIZE BY OVER 50 PERCENT.

DISPLAYS. COMPUTER RESPONSE SHOULD IMPROVE DUE TO BETTER

i
|
0 THE METHOD NEEDS TO BE APPLIED TO THE INTERACTIVE GRAPHICS 1

CPU UTILIZATION AND REDUCED PLOT VECTOR FILE SIZE. 1

|
|
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} PARAMETRIC CUBIC SURFACE
REPRESENTATION

BY

DAVID P. ROLAND

NASA SURFACE REPRESENTATION UWORKSHO- 1-Z MARCH 1378
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Ames Research Cernter has develowred 3 gseometre custem
oriented towards interactive comruter drarn.zoy to
interface to linearired raneal sevondusnamics - 0drams.

‘ This system srovides & dgeometric rerFressitsywion af
t - rezlistic sircraft configurations from wh:ch arnaly—
tical mathematical models can be cresated. Various

confidurations can be assembled euickly from inde-
rendent deometric comronents.

'e F. Roland
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| CEOMETRY SYSTEM GOALS
| - * GEOMETRY DEF INES PANELL ING
* ASSEMBLE CONF IGURATIONS QUICKLY

* DATA FORMAT USEFUL FOR INTERACTIVE
GRAPHICS




Foil Z%

Farametric cubic ecuations were selected ac (ne data
format because thew had several imrortanl tez-ures?
X 3 sindle mathematical formal can be useu

to rerresent curves and surfaces of z2i°
rinds.

rarsmetric equations do not exrerience
ramerical diffi-ulties with infinite
slores.

it is 3 mature techrnolodys with a3 lars=
basa of software availshle beth in ar -
dustry and within NASA.
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FEATURES OF PARAMETRIC CURICS |

* S|NGLE FORMAT FOR ALL CURVES/SURFACES ‘
* HANDLES INFINITE SLOPES

* MATURE TECHNOLOGY
* SOFTWARE AVAILABLE IN INDUSTRY
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L o
o o B



ti

.

Fo

Foil ,#4

It has been recodnized that rarsmetric

ciirics  have

some limitationse. The abhilituy to srecif- :ziore con—
tinuity in the dgeneral case ¢nd higher or:.- deriva-
tives continuits was lackingd. The maximur ~umher of

sides in 8 patch is four arnd some wavirness ocours with-—-

in 3 surface. Howevery it has been deternined that
these restrictions will ot imeact the reauiremernts of
the aserodymamics prodrams emrloverd.

Roland
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LIMITATIONS OF PARAMETRIC CUBICS

* NO GENERAL SLOPE CONTINUITY

* NO HIGHER ORDER CONTINUITY

* MAXIMUM OF 4 SIDES PER PATCH

* WAVINESS POSSIBLE WITHIN SURFACES
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Foil #5

The dgeometric entities utilized inmn this sustem are
the pointsy the rarametric cubic curve and the bicuhic
surface ratch, A roint in three~srace is 3 trirle
of the comronent coordinates. A curve in three-srace
has each coordinate defimed as 3 cubic roclyromial
of the rarzmeter u., Similarily for 3 surfsce» which
is a3 bicubic in u and W, Since the rarameters are

limited to the range 0 - 1 easch entitw is bounded
and has a sense of direction.

Roland
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Foil gl

The format of rarametric
to matrix notation. In
rutationally efficienty
difficult to interrret.
coefficients become the

cubic equations is well-suited
the sldgebrsic formy 2t is com—
although the coefficients sre

In he dgeometric formy the
ernd or corner roints and the

rarametric tandent vectorsy from which the =.sre sl the
ends can be determined by divisions Thie fForm is quite

useful to the endineer ac

3 simrle refererce Tor rosi-

tion and slore contirnuitu.

Roland

B 1 it M sk

-~ rea——




Lié xibie

Eaiill L S

CONVENIENT FORMATS

* ALGEBRIAC MATRIX FORMAT *

Pcuy = (VB uZu 1] [a
B
T » |cC

Pcu,ud=[u ][ A J[W] D)

* GEOMETRIC MATRIX FORMAT =
PCU=[ F1C UY F2¢ U) F3C uy F4¢ vy ]

.
Pcy,w={FU ][ B ][ Feuy]
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Farsmetric cubic zrrroximations of other commonls
used curves can be coreated via strzigshtfTorward
technicues., & conic arrroximation is develored by |
the bedinming and end rointss slores and heel roint. |
tho determines the ture of conic creszted: ¢ & .5 1is |
sn ellirses .5 is & rarsbols (which is exscis not

srpproximotel s 5 x W78 is s huberbola. The sircle
zperorimation is a8 srecial csse of the conic having
the correct end roints and sloresy and the midroint
orr Lthe civeles, The dgrarhical lawout descricing the

roirmt of o = .5 can be used ta euickly rdefine the j
. curve from its coefficients or to srrrovimstie even |
fisnd-drauwn CUrves. This techniague is alsc zrrlic- 1

abile to srace curves.

1]
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CREATE CURVEs

* CONIC APPROXIMATION
B'=4~(B-12)

P'~4r(R-B)

g n
* CIRCULAR APPROXIMATION |2

P= 9&0//;' ¢ 4R (/- s &)
?. R = $dr Sin &

- * GRAPHICAL LAYOUT

50

>

R+P B'-p’

P(5) = > + 5

i
1
i
1
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General srace curves can pe defined analuticalls visa

a four-roint transformation. Comrley shares are de-—
fined as riecewise contiruous segments. Slore con-—
tinuity can be specified if reaquired. Sedmented

curves with curvature continuity can be created with

epline fitting technicues.

Reland
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CREATE CURVES

(v2)
* THROUGH 4 POINTS /*f_\\_+
7
c
* SEGMENTED CURVES R R P

POSITIONAL CONTINUITY ALUAYS

SLOPE CONTINUITY IF REQUIRED {%

* SPLINE FIT

CURVATURE CONTINUITY
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Manwg aircraft surfaces are srecified snslwically.
This wind~-hody confidguration (with/without canard)
has bheen used st NASA Landglewy for a3 series of wind
tunnel testsy and it is currentlv being used to ver—
ifw the advanced ranel aerodunamic codes at NASA
ames. It has heen modelled as a sel af comronents
utilizing rarasmetric bhicubic surface satehs. The
surfasces were crested from the analutical descris—
{tLion of the geometrw in the Langlew rerort,.

Roland

i
o
4
i




CREATING SURFACES

(HITHOUT SPLINES)

RULED SURFACE

PARABOLA 7

CIRCULAR ARC

PLANE SURFACE

SURFACE THRU 4 LINES
(COMPOUND CURVATURE )




- Foil #/0
- In other areass comrlex comround surfaces may only
he defined as cross—sections on 8 drawing. A ten—

' : sion-srline Tit rrodrasm is utilized to create ratch
| networks from digitized cross sections thet have
rositional continuity and redions of curvature con-
tinuity while simultanecusly cresting arrarent

slore discontinuities.

. F. Rojiand
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The rarametric cubice form is usetul in inle-zclive
grarhics because a3 limited sel of software s_ffices
Tor gseometric shares. The ratch form a3llcwc each
enlity to be stored onm disc s & eerarate record.
Large numbers of ratches need rnol, be kert :r core.
Trensformations on the ratches are simrle mstriyv
multirlications. The surfaces can have the:r erddes
connected and new ratchies crested hetween ssiches.

It F. Rolqnd
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USEFUL IN JNTERACTIVE GRAPHICS

* SINGLE SET OF SOFTWARE
* EACH ENTITY HANDLED SEPARATELY

* ALILITY TO MODIFY COMPONENTS
~ TRANSLATE, ROTATE, SCALE, SUBDIVIDE

* ABILITY TO CONNECT COMPONENTS
CONNECT BOUNDARIES

| CREATE RULED SUFACES

| FILLET BETWEEN COMPONENTS

e
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The Tinal rroduct of the suslem is the ssrnel defini-
tions. Panel eddes are created by srecitzing the
rmumber and distribution of rarameter values a3t which
Foints are to bhe extracted from the rarsmetric equ-
ations. Ecusaly sines cosines hslf cosirnes or user
defined sracing of the rarameters may be srecified.

Roland
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Ariother use of the deometric definition is to create
the imruts to Level I zeroduynamic srodrams. Thiese
include surface aress and body volumes, Tre zhility
to intersect the surfeces with rlasne ecuations is
useful for cross sectionasl distributions. It the
~ressure date is made into 2 surface analoss ~lane

intersections srovide isobars for diseplayw. The inter~

cection between surfaces can be comruted t
the interface of comronernts.

locate

Folanrd

—




I EVALUAT ING SURFACES

* .SURFACE (WETTED> AREA.

* VOLUME
* PLANE

INTERSECTIONS

CROSS SECTIONAL AREA. DISTRIBUTION
PRESSURE SURFACE |SOBARS

2

R T

* SURFACE-SURFACE INTERSECTIONS

/3
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In conrclusions rarametric cubic deometry iz ¢ useful
technigue for defining reslistic zircraft configurs-—
tions for linesar earnel aserodunamic methods, The
limitations do not currentls imract the recuitements
snd imeproved methods will be develored.
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CONCLUSIONS - PARAMETRIC CUBIC GEOMETRY 18

.

* USEFUL NOW

* CAPABLE OF DEFINING REALISTIC CONF I GURAT | ONS
* MEETS THE REQUIREMENTS OF CURRENT ACTIVITIES
* |IMPROVED METHODS ARE COMING




R=(X,Y,z)=F(U,V)

WITHIN THE CONTEXT OF THE INTERSECTION PROBLEM, A SURFACE IS DEFINED TO BE THAT PORTION
OF THE BOUNDARY OF A PHYSICAL OBJECT THAT IS MAPPED INTO A RECTANGULAR REGION IN PARAMETER
SPACE.

Yy
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SURFACE 2

t

INTERSECTION CURVE —
SURFACE 1 /.

Sl i ail

A g i il

E(U.V.S.t) = :1(U.V) - :z(S.t) =0

THREE EQUATIONS IN FOUR UNKNOWNS

SOLUTIAGN MAY BE EXPRESSED AS ;(o). OR EQUIVALENTLY {u(c),v(c),s(c),t{c)} WHERE
o IS SOME ARC LENGTH RELATED PARAMETER

B n -
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HUNTING PHASE

vA
N PRIMARY SURFACE |
Y } ] } |
13 1 14 116
Sk SR Spt U W S — |
9 : 12 Ng=5 '
_______ Ao o
5 | 8
——————— —1 _— — —— —— — T — v — —— o —
1 4
0 § i l -
0 Ny U

[ THE HUNTING GRID IS ESTABLISHED ON THE PRIMARY SURFACE BY Ng-
. EACH LINE IN THE GRID IS A CURVE DEFINED BY EITHER u OR v BEING CONSTANT.

e  THE INTERSECTION OF A CURVE WITH THE SECONDARY SURFACE IS FOUND BY SOLVING THE
CONSISTENT SET OF EQUATIONS G(v,s,t) = 0 OR H(u,s,t) = O.

e  THE SOLUTIONS OF THESE SETS OF EQUATIONS PROVIDE THE INITIAL CONDITIONS FOR THE
TRACING PHASE. .

I , Y




CURVE-SURFACE INTERSECTION CALCULATION

CURVE

> - -
1 V2 eurve - Tsurface \\\‘\\\\\\\\\\
h SURFACE
-+ -+
- e CURVE CRAWLING PROCEDURE TESTS Vi . V1+] = ¢1

] THE POINT ON THE SURFACE (X) APPROXIMATES THE CLOSEST POINT ON THE SURFACE TO A
GIVEN POINT ON THE CURVE (.).

27




v} ORDERING PHASE
13 14 i5 5| o i6
16 2= 17
9 .10 el n|{12
i 2 BT 14 15 |
2 :
g 7 Z
tf 5 6 N\7z 8 i) |
8 AV 10 11 :
a/ | 2 Zl 3 d 4 © 4
Y N
6 7

4

LOoOP 1: a.f"‘k)])'g’h!-cib
- LOOP 2: -n,-j.-e.d.i,m,-o.p

NOTE: MINUS SIGNS INDICATE A REVERSED DIRECTION FOR THE SEGMENT

oy
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Generation of Input Data for a Three

-2irensinnal Potential-Flow Proagra~

This talk describes work performed 2t Douglas Aircraft Zorzany under
contract to HASA Langiey to develcn a geo*e-ry packane to 57~f11‘j the
task of preparing the input data for a psiential-ficw orogran. Tre par-
ticular orogram for which the georetry package was develgned is thz thres-
dimensicnal 1ifting version of the Douglas 'eurann orograT, which uas
developed by John Hess under XNavy sponsorzhin and w*irf is in use at
nurerous companies, universitics, and ;3 parnment acersgies. The jecratry
package is sufficiently sa2neral, bhowoy r, to te of use in cther asziizaticns.
A major porticn of the excense invgived v using the rotental-Tlow oronram
is consurad by the man-hours reguired tz prepare the innvd data Tvirtuaily
a1l nf whirh 5S¢ mrrmatwnice Aa+a2 ’ F -
TS
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e



14,
[ AZS) g
(2]
w
U
el
. —
>
v w
v o
L2
< r—
T

WYY904¥d MOTd

TVILINILOd TYNOISHIWIG-IFY¥HL

V 404 VLIVQD LAN4NI 40 NOILVYINIS




L

S

Tyaical Element Distribution for a wing-Fuseljage Case

Preparing the gecmetric input is so time-consuming beczuse the zoterntizl-fiow
program requires a large number of coints for good accuracy. A tsoical wing-

fuselage case, shown here, reguired approximately 870 points.
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INLET oN
(

' 31 ae{fess )
FOR A
A SURFACE |
~3500 ELEMENTS)
TN bl s
PO R Y

WATER

EFFECT SHIP

CROSS SECTION

DUCT
ACCOUNTED FOR
BY SYMMETRY —~
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Factors Which Influence Point Spacing Reguirements

In addition to shear number of points, the user must take care in the way

he distributes the points. On a wing, for example, the proximity of leading
or trailing edges, the tip or root, breaks in the plarform or any other
corners, all influence the point spacing which should be used. CLn mTore
general bodies, regicns of high curvature or any factor which causes the
s0lution (either the source density or the velocity) to vary rapidly, have
to be considered.

I
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FACTORS HHICH'INFLUENCE POINT SPACING REQUIREMENTS

0 LEADIHNG EDGES

o TRAILING EDGES

o CORHERS

0 PLANFORM BREAKS

o AREAS OF HIGH CURVATURE

© REGIONS OF RAPID VARIATIQN OF SINGULARITY
STRENGTH oR SURFACE VELOCITY
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Definiticn of Frequently Used Terms

In aditicn, the user must organize thz poirts in a manner ceonsicternt with
the logic of the Daten_1a} flow program. This clide 1lijustrates zome cf ths
logical considzratiors and also defines soma fermez to be used tater in thkis
talk. A generz] configuraticn, such as an aircraft, is divided Ints 2 nurser
of simpler componants, such as a wing or a fuselage, or 3 porticn CFf re o
these. Fach ccmpounent is defired by srecifying points on & saction curve,

then on an adjacent section and so on, until all sections have beszn
defined. Points on a section curve are grdered as if one were traversing
the perimeter of the section (not generaily fore-and-aft). Such section
curves are designated N-Tines. The curves ccnnecting corresperding pcints:
on the N-lines are designated M-lines. The area bounded by tws adjacent

N-lines is termed a strip and the area bounded by two N-Tines and two M-lines
is termed an element.

2



DEFINITION OF FREQUENTLY USED TERMS

STRIP ON
INTERSECTED
COMPORENT

N-LINES ON
INTERSECTED
COMPONENT

M-LINES ON
INTERSECTED
STRIP ON COMPONENT
INTERSECTING
COMPONENT
ELEMENT ON ELEMENT ON
INTERSECTING INTERSECTED
COMPONENT COMPONENT
N-LINES ON
INTERSECTING

COMPONENT

M-LINES ON
INTERSECTING
COMPONENT
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General Feztures of the Geometry Package

This gecmetry package simplifies the user's job in several wavs.

it greatly reduces the number of points for which the user must s

coordinates. It is often possible ts raduce this nurber by an or
o

-

sotution. i
points, since it provides a number ¢f automatic spacing opticns. Thr
very difficult task of calculaeting intersection curves (if any) hetween
components is done automaticaliy. Finaliy, if there are intersection:
repaneling 1s done to obtain compatible paneling distributions between
adjacent components.

R



GENERAL FEATURES OF THE GEOMETRY PACKAGE

INITIAL GEOMETRY DATA CAN BE VERY SPARSELY DEFINED

GEOMETRY DATA AUGMENTED AND REDISTRIBUTED (SEVERAL
OPTIONS)

INTERSECTION CURVES CALCULATED (USING P.C., PATCHES)

FINAL REPANELING MAKES ADJACENT ELEMENTS LINE UP
ACROSS INTERSECTION CURVES

9 9plL|S
SSoH/Kas| el
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Use of the Geometry Packiage for a Wing-Fuselage Lonfiguration

This is a typical example of what the gecmetry package can do. EBecause of
the simplicity cf the configuration, a very small number of points {s suf-
ficient to define the geometry. The gecmetry package has added and redic-
tributed points in both chordwise and spanwise directicns on the wing and
in bcoth axial and circumferential directions on the fuselaze. It haz ai:zc
found the wing-fuselage intersectien curve and matched the spacing of the
points across the intersection curve.

L e i n
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Slide 7

USE OF THE GEOMETRY PACKAGE FOR
WING-FUSELAGE CONFIGURATION

+ SPARSE INPUT
DISTRIBUTION

ENRICHED OUTPUT
DISTRIBUTION

N

vy
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Paneling of Isolated Compeonents

The first operation performed by the gesretry pacrage is the paneiing of
isolated components. In this cperation, the precgram ta-es the sparse input
data and augrents it to a specified n wher of points districuted according
to one of several possibie spacing >1ﬂor1thr At this stege intercecticre
are comylgte]y ignored; each c0ﬂponerb is Dane]ed as if it were completely
indepernident of the others {except that proximity of other components shcuid
be considered before deciding on the d°"1r°d spacing algcrichm and a desire
for continuity between ad‘oining corponents may dictate thzt these adjoin-
ing cowranents be paneled using the sarc algorithm).
This siide stows a wing in varicus stages of the tareing oneration.
Initialiy, it is definad v a <rall nurher ¢f oents on fust tec h-iires
tic and reoct). The prograr first distributes roinis or trne initial
N—!ines and tren adds mors N-linos.  Tre adding of N-linss s zccerniiched
by redistributing rcints ¢n the M-lines. Trus, the entive panzling ore-
cedure ic accomplished By twe cets of interpolations on Zurveis nod ceneral
surface-{itting is reguirec.

L e . e Ao ame =
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Interpolation Procedure for General Curves in Space

The interpolation procedure is slightly unusual. Cubic splines were
initially used, but with the very sparse defining data (which generally
may not have been smoothed) the waviness could get out of controi. The
method finally chosen can be very accurate, but it is very simple to
implement and less likely than a true spline to cause problems. This is
because a slight waviness introduced in one portion of a curve cannot
propagate to other portions of the curve.

The independent variable of the interpolation is the straight-line arc length

between the defining points (normalized by the total length of the curve}.
When normalized in this manner, the straight-line arc length is a very gead
approximation to tha true arc length, which is perhaps the most general
quantity :tnat can be chosen as the independent variable. Separate calcula-
tions are performed to interpclate x, y, and 2z coordinates versus arc
lTength. In each interpolation, the first derivatives of the dependent var-
iable (x, y, or z) with respect to straight-line arc length are first found
by taking a weight=d average of the angles of the straight-line segments.
These are then used, together with the coordinate values, to determine the’
coefficients of cubic interpolating polynomials.

Comparison of Curve-Fit HMethods

- .. - . -~ .. R B . B O S
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INTERPOLATION PROCEDURE FOR GENERAL CURVES IN SPACE

o THE STRAIGHT-LINE ARC LENGTH BETWEEN INPUT POINTS

NORMALIZED BY THE TOTAL LENGTH IS THE INDEPENDENT
VARTABLE,

o SEPARATE INTERPOLATIONS ARE USED FOR (X VS, S),
(Y VS, S)Y AND (Z VS, S),

o PROCEDURE FOR EACH INTERPOLATION:

o FIND THE 1ST DERIVATIVES OF THE FUNCTION AT THE

INPUT POINTS BY TAKING A WEIGHTED AVERAGE OF THE"
ANGLES OF THE STRAIGHT-LINE SEGMENTS,

FIT A CUBIC CURVE OVER EACH SEGMENT (GIVEN 2

POINTS AHND 2 FIRST DERIVATIVES ON EACH SEGMENT)

o THIS IS NOT A TRUE SPLINE METHOD SINCE THE 2 ND
DERIVATIVES ARE DISCONTINUOUS,

I
R
0 RESULTS ARE CONSISTENTLY LESS HAVY THAN RESULTS OF
A TRUE SPLINE METHOD (PERHAPS BECAUSE THE INDEPEND-
cNT VARIABLE IS HNOT A CONTINUOUSLY VARYING QUANTITY)
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11.

Options for Spacing of Points on N-Lines

This slide shows the available options for the spacing of points on M-Tlines
(i.e., in the chuidwise direction on wings and usually the circumferential
direction on fuselages). The first option is to make no change. The second
and fifth optiors, input distribution, augmented in number ard curvatura-
dependent distribution, are described further in later slides. The third
and fourth options, constant incremsnts in arc length and the so-called
cosine spacing (or constant increments on a superscribed circle), are very
comron and need no further explanation. 7The sixth option allcws the user

to specify any arbitrary arc-length distribution he desires.

e —————
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OPTIONS FOR SPACING OF POINTS ON N-LINES
(CHORDWISE PANELING OH A HWING)

1, fNPUT DISTRIBUTION, UNALTERED

Lo

INPUT DISTRIBUTION, AUGMENTED IN NUMBER

3. CONSTANT INCREMENTS IN ARC LENGTH

B COSINE SPACING
1 5. CURVATURE-DEPENDENT DISTRIBUTION

< 6. USER-SPECIFIED DISTRIBUTION

LL 8PLIS

SSaH/Aas| ey

X




nrtont s

Y
o
W
N v
Q) -
fe
S Q
O E Q
" (48 T
[ v
b I FW |
(@] | =
~— e
|8 .
» ncC
e B
-0 O
L= R o =
N
s ®
oL Q)
O S
=+ m
c‘_ ‘r
- -
' & O
W D=
L O
Y-
. Q
[« 8 SV, |
Q O
. W o
m Q) O
& Qe
r S
(S w4l "=
V) ) o
Q r
> €
Qe O
. e
N5
v
Qwnv
(R T
o - =
Q-
= A |
3 OO
Q
O S -
) +-?
e
~E e
L, -
A=
- m
- Q)
TR
S o™ O
(S Y
QL a
( \® ]
- & O
Qo C
~ th &
+ . Q
- Q B
Q>
QL Cc o
QA O .
v O

3




- X

galsey/Hess 94
1ide 12 ~

CURVATURE-DEPENDENT SPACING METHOD

asy = (@ "Asmin/Asmax)(] "ki/kmax) * Asmin/Asmax] A8 max
where

As = ARC LENGTH BETHEEN ADJACENT POINTS

k = CURVATURE (AT ELEMENT MIDPOINT)

o WHEN ki = kmax , Asi = Asmin
o WHEN ki =0 ’ A§1 = Asmax
o SPECIFY Asm.n/Asmdx = 0,25

5 bs; = [0.75(1 "'ki/kmax) + 0,25] By

o SOLVE FOR as; BY AN ITERATIVE PROCEDURE

p
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: 13. Method of Enriching Number of Points While Maintaining a Similar Distributicn

-

appropriate for the large variety of cases which could be considered. Ti
method provides a great deal of flexibility, however. The user must input
properly distributed points, but he need not input an extremely large numdter
of points.

It is impossible to provide an automatic point spacing method that will b
h

2
is

To enrich the number of points while maintaining a similar distribution to
¥ the input distribution, it is necessary to define a normalized point number
(as shown) and construct a2 curve of arc length (at the input points) as a
function of this normalized point number. Arc lengths at the output points
are determined simply by interpolating on this curve to find the values
- corresponding to the output values of the normalized point number. An
example of a section of a supercritical wing enriched from fifteen to !
twenty-five points is shown.
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14. Options for Spacing of N-Lines

options for the spacing of points on N-1ines
on on wings and usually the axial direction on
ére similar to those used for the

ines. The Planar-section mode and arc-lenath
require more explanation, however,
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OPTIONS FOR SPACING OF N-LINES
(SPANWISE PANELING ON A WING)

1, INPUT DISTRIBUTION, UMALTERED

INPUT DISTRIBUTION, AUGMENTED IN NUMBER

N

3., CONSTANRT INCREMENTS

4. USER-SPECIFIED DISTRIBUTION

A. PLANAR-SECTION MODE

B, ARC-LENGTH HMODE
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15.

16.

Spanwise Redistribution of Elements on a Supercritical Wing

N-lines on this wing have been distributed using the planar-section mode of
operation. In this mcde, points on 2all N-lines, except possibly the first
and last N-lines, lie in parallel planes. The specified distribution param-
eters refer to distances between the planes, rather than to arc lengths.
This option is important for lifting components, such as wings, since the
potential-flow program requires elements on lifting components to be
trapezoidal. (Elements on ncnlifting components, such as fuselages, may be
more general quadrilaterals.)

Al - -~ o

Eomparison OI: P]&nar—'{Pann and Avr-lanath Yadas ~f NI-s.iL.
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16.

Comparison of Planar-Section and Arc-length Modes of Distribution of N-Lines

In some cases, such as this strut on a thick wing, planar distributions of
N-lines leave undesirable sparse areas. This is prevented by use of the arc-
length mode of distributing N-lines. In this mode, the specified distribution
parameters are the arc lengths along the M-lines and the distribution prozedure
is identical to the procedure for distributing points on N-lines.




COMPARISON OF PLANAR-SECTION AND ARC-LENGTH MODES
OF DISTRIBUTION OF N-LINES -

STRUT ON A THICK WING

(a) Planar-Section Mode. (b) Arc-Length Mode.
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Method

Assumptions of the Intersection ! d

olated bodies, the next step perforwgd by

Having paneled the components as 15*%04 i e R ractton 1

. sometry package is the calcula ; N ccumptions made
S:;)?-OThgs‘iz notjan absolutely general method, but the assump
are nut too restrictive for the typical cases encountered in aerodynamic
applications. First, it is assumed that a distinction can be made between
intersecting and intersected components. The M-lines of the intersecting
component pierce the elements of the intersected component. These M-lines
must extend completely through the intersected component and must not blend
in tangent to the surface of the intersected component. A component may
intersect only one other component and may be intersected by only one other

component. Intersecting and intersected components are identified in the
input data.

.
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18. Steps in Calculating Intersection Curve

An intersection curve is defw ied as a series o ints between

the M-i1ines on the intersecting component ard intersected
' comporient. For each M-line a search is concuc ich segment
, of the M-line intersects which elemant (f the nonent. For
the purposes of this search, each element is rep t triangular
; planes, but each M-line segment is assumed to be wen the intersected
; element is found, its geometric data is used to determine its narametric
f cubic patch coefficients. These are not stored permanentiy because of the

c‘.

storing P.C. coefficients of patches with
calculation of the intersection point reguires
eous nonlinear equations and is described in

large amount of redundancy i
common boundaries. The fina

. the solution of three simultan
the next slide.

- ‘ » .
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STEPS IN CALCULATING INTERSECTION CURVE

FOR EACH INTERSECTING M-LINE:

1. SEARCIH FOR THE INTERSECTED ELEMENT

2. FIND APPROXIMATE INTERSECTION POINT
(ASSUMING PLANAR ELEMENTS)

3. FIRD P.C, PATCH COEFFICIENTS OF ELEMENT

+ CALCULATE MORE PRECISE INTERSECTION
POINT

8L @pLLS
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19.

Intersection of a Cubic Curve and a Parametric Cubic Surface

Knowledge of the P.C. patch coefficients of an element allows the equation
of the surface to be written in terms of the parametric variables, u and
w, as shown in this slide (equations for y and z coordinates are of
exactly the same form as the equation -hown for the x coordinates). Equa-
tions for the x,y, and z coordinates of points on the cubic curve are
also known. Equating coordinate values on the curve and on the surface
gives three nonlinear equations for the three unknowns (u, w, and s).
Solution by Newton's method, startinyg from an approximate solution obtained
in the searching operation, generally converges in less than about six
iterations.

“
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INTERSECTION OF A CUBIC CURVE AND A PARAMETRIC
CUBIC SURFACE

REPRESENTATION OF SURFACE:

3 3 2
(Axu +Bu” + Cxu + Dx)

2 3 2
+ W (Exu - qu + Gxu + Hx)

3 2 -
+w (Ixu + un - Kxu + Lx)

3 2
+ (qu + N+ Ou+ P.)

REPRESENTATION OF CURVE:

2L 3 2
X, = Qs+ RS + 5,5 + Tx J
3 EQUATIONS: xs --xc =0
Y =¥ = 0
zs—zc=0
3 UNKNOWNS : (u, w, s)

SOLVE BY NEWTON'S METHOD

(AND SIMILAR EXPRESSIONS FOR Y AND Z
COORDINATES)
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20.

I1lustration of Intersection Methcd

Various analytic cases (involving spheres, cones, cylinders, and ellipsoids)

have been used to verify the accuracy of the intersection method. Various

cases involving realistic aircraft components have also been calculated.

Few of these cases have sufficient character to be interesting to view

graphically. A less realistic case that does have more character is,

therefore, shown in this slide. .




'y

.

Use OoT the Leometry Package tor a wWing-tuselage Lontiguration

Aftgr calculating the intersection curves, soms repaneling takes place.

Various options for different sorts of cases are provided. In the interest

of brevity, only the wing-fuselage case, perhaps the most common apnlication

of the geometry package, will be described. Most of the calculations in this
portion of the method involve procedures very similar to those already
described (for example, interpolating along curves or the intersection of
curves and planes).

First, the intersection curve between the wing and the fuselage is made

an N-line on the wing and all N-lines outboard of this are shifted to
maintain a smooth distribution of N-lines. The area of the wing inside

the fuselage becomes a single strip which functions as a means of making
the vorticity continuous between left and right wings. Planar N-lines on
the fuselage are passed through the leading and trailing-edge points on the
intersection curve and both N- and M-lines are shifted on the forward and
the after portions of the fuselage in order to maintain smooth point distri-
butions. N-lines on the fuselage are passed through points on the inter-
section curve [~ ither through every point or every other point) and then
points on these N-lines are redistributed to provide a smooth distribution.
The area covered by the wing is not paneled. This final repaneling breaks
up a fuselage (assumed here to initially consist of only one component)
into four components — one forward, one aft, one above, and one below the
wina
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USE OF THE GEOMETRY PACKAGE FOR
NING-FUSELAGE CONFIGURATION

Satser 9)

- SPARSE  INPUT
DISTRIBUTION

ENRICHED OUTPUT
DISTRIBUTION




PANEL 2: METHODS
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What are the unsolved (or not reported in the literature) math=matical
problems:

(2) Intersections and blending of arbitrary splined surfaces?

(b) Filleting with arbitrary radius?

(c) Design/specification of surface from known aerodynamic
solutions or pressure distributions?

Which method of surface representation are most conservative of computer
storage and processing power?

Can we list the advantages and disadvantages of each method? There are
several biproducts inherent in each approach. Can we summarize these?

Will "connectivity tables' that represent the relative location of various
aircraft components become cumbersome?
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DISCUSSION VUGRAPH 1.

This paper discusses an analytical method for computing
a body fitted coordinate system for an arbitrary three-dimensional
flow field. This research has been carried out at General Dynamics,
Fort Worth Division under a continuing NASA/Ames Contract to extend
General Dynamics 2-D/axisymmetric finite-difference flow field
computation procedure to three dimensions.
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DISCUSSION VUGRAPH 2.

Extensive research has been done in developing two-
dimensional body-fitted coordinate systems at Mississippi State
University and the University of Cincinnati. Two transformation
techniques for mapping an arbitrary doubly connected r:gion into
a rectangle are shown in this slide. In the firsttechnique the
inner and outer boundaries of the doubly connected region map into
two opposite boundaries of the rectangular region. An arbitrary
curve connecting the two boundaries in the physical plane maps
into the other two sides of the rectangle in the transformed
plane. In the second technique the inner boundary is mapped
into a horizontal or vertical slit in the transformed plane,
while the exterior boundary is broken into four arcs each of
which maps into a side of the rectangle in ti: physical plane.
The Laplace equations are used as the transformation functions.
The functions on the right-hand side of the equations can be
chosen such as to provide desired coordinate system control.

"




TWO DIMENSIONAL METHODS FOR GENERATION |
OF BODY FITTED COORDINATES |
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DISCUSSION VUGRAPH 3.

The first transformation technique described for two-
dimensional doubly connected regions could not be readily
extended to arbitrary three-dimensional doubly connected
volumes. However, the slit transformation technique can be extended
to three dimensions. In this approach, the inner surface
transforms to a planar slit parallel to one of the coordinate
planes,while the exterior surface is divided into six parts,
each ~f which maps into a side of a rectangular solid in the
transformed field. It is important that each part of the
exterior surface and interior surface be approximately in
the same relative position in the transformed plane as in the
physical plane to obtain reasonable cell distribution. Again,
the Laplace equations are used as transformation functions.
The functions on the right-hand side can be used to provide
coordinate system control. The inverse transformation
equations for three 3-D flows have been derived and will be
published soon as the contractors report. Numerical solu-
tions are obtained using finite-difference approximation to
the various partial derivatives and successive over relaxation }
iteration.
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THREE DIMENSIONAL SLIT TECHNIQUE FOR GENERATION
OF BODY FITTED COORDINATES

w

PHYSICAL PLANE TRANSFORMED PLANE

TRANSFORMATION FUNCTIONS
Uxx +Uyy +Uzz = P(u,v,w)
Vxx +Vyy +Vzz = Qlu,v,w)
Wxx +Wyy +W;; = R(uv,w)
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DISCUSSION VUGRAPH &.

The application of the 3-D slit transformation technique
to generate a body fitted cell arrangement for an inlet flow
field is shown in this slide. The curved surfzce of the
crlindrical exterior boundary is divided into four parts each
of which map into four sides of a rectangular volume in the
transformed field. The two circular faces of the cylindrical
exterior surface map into the other two sides of the rectangular
volume. The inlet is also divided into four segments each of
which map into a rectangular planar slit parallel to the coordinate
planes. These rectangular areas are connected and themselves
describe a rectangular box. Care is taken to partition the
external boundary and the inlet in such a manner that the same
relative position of the various surface components is maintained
in the physical and transformed fields. The volume enclosed
by the inlet in the physical field maps to a volume enclosed
by the planar slits in the transformed field.




v

880118

INV1d A3WHO4SNVYH1L

BHATELEY <.




o

DISCUSSION VUGRAPH 5.

Since the cell definition on both the exterior and interior
boundaries serves as a boundary condition for the generation of
3-D mesh arrangement, the two-dimensional slit method was used to
obtain a cell definition for the upstream circular face of the
exterior cylindrical boundary. The circular face boundary was
divided into four equal a.eas, each of which were mapped into
a side of a square in the transformed plane. The coordinate
system obtained by this process is shown in this slide.
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DISCUSSION VUGRAPH 6.

The starting solution on the downstream face of the
exterior volume is also generated using the two-dimensional
slit transformation technique. The circular exterior boundary
is mapped into four sides of a square in the transformed plane.
The annular inlet cross-sectional area is divided into four
parts each of which map into four connected slits parallel to the
coordinate axis forming an embedded square as shown in the slide.
The resulting solution shown in this slide was used as a starting
solution for 3-D cell generation program.




060118

9 a

-13

T + - e,

1

- + — - — 4+
e+ e - »
e T S S R

+*- - ———

+
e e R R
-
-

+ — ———— -~
———————— —
L ——— e S T R SR 4+ - 44—+ e ————s
+ - - -

~ - ——
- - +- e + 4+ - 4 +—4 ¢ - ——
]IOI'OfwTAO - Ivoi‘l'lo|0lx

‘llol'l’lol’l&v&‘§10'oo+§
————41 4+ 2 44 4 4 4 3 4 23 S ER SN . .-
L S S S A g e o S R S S S R iR AR e e ]
- - -~ - 4 ——
I.OillblTT&JLooooo»q¢A.o‘.oo?ol*
P L—;‘+f¢000_v ————————
— T& - wI OOOOO
- 44+ >t e et -

000000000000

vvvvvvvvvv

..........

Q7314 MOT4 L3TINI 404 NOILNTOS INILYHVLS

INUINHIO3IL NOILVINHO4SNVYYHL 111S a2

3Iv4 WY3H1SNMOOA

BHATELEY




DISCUSSION VUGRAPHS 7 THROUGH 13.

Typical starting intermediate and converged solutions for
the 3-D circular-symmetric inlet flow field using the m-thod
discussed previously are shown in the following seven vugraphs.
Cell arrangement for four transverse and three lateral cuts
are shown. No coordinate system control was used. These solu-
tions were generated using the GD interactive graphics facility.
A 47 x 31 x 31 mesh arrangement was generated. As can be seen,
a satisfactory cell structure was generated. The cells from
one cut to the next were blended with no sharp discontinuities.
Methods to improve the cell arrangement by incorporating
coordinate system control and redistribution of points on the
boundaries is being investigated. The extention of this
technique to generalized 3-D flow fields is also being undertaken.
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BOUNDARY FITTED CURVILINEAR COORDINATE
SYSTEMS USING TENSION SPLINE

FUNCTIONS
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Figure 2:
There is a set of transformation equations relating the physicel domain to the
computational domain. For a doubly connected region in two-dimensions the trans-—
formation equations and toundary conditions are shown in this figure. The equation

are two nonlinear coupled elliptic partial differential equations relating the

computational domain to the physical domain. A technique for numerically solving
this system of equationsis found in reference 1. The approach is to select a set

convergence. Initial guesses to the nodes in the computational domain are necessary

because of the nonlinearity, and these guesses should be relatively close to the

desired converged va" .:s.
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[ x] = (f,t,5)
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[ x] - fo(t. s)
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Figure 2 TRANSFORMATION EQUATIONS
(2-D Doubly Connected Region)
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dx(t) dx(t)

X(t,s) = X(t), f.(s) + X(t)zf () + —— % 1 f3(s) -y 2 f4( s)

11 2
(2)
dy(t) dy(t)
Yt s) = Y0, fy(s) + YD), fOls) + 55 1f3(s) + 52 g 2 f®
f(s) = 25735 + 1
f2(s) -~253+352 0<s<1
f(s) = 53-252 +s
3
3 2
f4(s) $ S
o 5 Cod
d—Y. (lt. = - -d—s. s>
Xl " & @Y @ X
dt | ds ds dt

Figure 3 PARAMETRIC CUBIC TRANSFORMATION 2-D
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Figure 4 ZARAMETRIC SPLINE APPROXIMATION
TO BOUNDARY DATA WITH TENSION




This figure illustrates the reasons behind using tension spline functions. Initiallv
cubic splines were used, but wiggles occcurred in some of the fits such as near the
leaaing edge of the airfoil shown in the figure. The tension spline routine that has

been used degenerates to a cubic spline when the tension factor is neer zero. Increasing

the tension factor to = large number in effect increases the damping which forces th
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Figure 6;

This figure illustrates the spline fits to the boundary data.

Starting with the data

Points on the two boundaries ang indicating tke initial points, cord lengths are computed

and tension spline fits to the TWO sets of data are performed. The bounardies do not

need to be closed nor of the same are length. Once the fits have been rerformed, points

anywhere on the fits can be interpolateqd. Noting that t ig the percent of accumulated

cord, positions on each boundary ang cerivatives wi
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Flgure 6 ILLUSTRATION OF SPLINE FIT
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Figure T:

This figure illustrates the transformation from & uniform rectangular coordinate system
to a coordinate system about & Karman Trefitz airfoil. The technique has worked as well
for other airfoils including supercritical airfoils. Also, it has worked for singly
connected domains in two dimensions. It is ncted again that the technique is a special
case solution of the general transformetion equations, however, it is algebraic und
computationally fast yielding dense data. Also’ the use of the technique is simple as

compared to numerically solving the differential equations.
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Figure 7 ILLUSTRATION OF GRID GENERATION
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Figure 8: .

The density of the grid lines near a boundary can be controlled by the transformation
shown in this figure. Large negative values of k concentrate grid lines pear ra.
Large positive values of k concentrate grid lines near r‘l. When solving the differ—

ential system (equation 1) this is controlled by the forcing functions.
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Figure 8 CONTRACTION OF THE GRID NEAR A BOUNDARY
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Figure 9:

8 g R 5 £ g R et ©

; . The effects of the parameter k are shown in this figure. A value of k = 5 is used with
the Karman Trefftz airfoil. Four normal grid lines are shown corresponding to 5 = .05,
-1, .15, and .2. At the bottom of the figure one grid line is shown for § = .05 and

k = 2. There are other ways of controlling the grid line in both the t and S directions

vhile At and As remair constant, however, this illustrates the ease of adding such

transformations.
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Figure 10:

Thir figure illustrates the proposed extension to three-dimensions. The paraietric
cubic equations are exactly like those on figure 3 except for the addition of one
equation for the third coordinate and the replacement of the varisble S by W. The
position and derivative peremeters are now obtained from surface definition of the
"jnner" and "outer" boundaries. The derivatives with respect to W are obtained
from the cross product relation and U and V corresponi to percent of cord in the

longitude and latitude directions.
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dX
X(u,v,w) = X(u,v) fl(m + Xlu,v) fztw) + i'v':‘“'w

dX
falW) + =(u,V) f,(w)
1 2 3 dw 24

1

Vv = Y )+ Vi o+ g(u.v) fy iu,v o
Z(u,v,w) = Z(u,v). fl(w) + Z(u,v) fz(w) + gé(u.v) fa(w) + %(u.v) fa(w)
| 1 1 2
| j K
X o @
&, o, 4z, b W
wrwTe x v @
& & W,
X
X(u, v) $™u,v)
Yiuv| = |sYwu,w
Z(u,v) . sZ(u,v) i

fyiw - W+ 1

fyw = 2w

f3(w) = w3-2w2 + W
fyiw) = Wy
FIGURE 10 EXPANSION TO THREE DIMENSIONS
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Figure 11:

This figure illustrates how the inner and outer boundaries might be conceived.
Although the complexity of the inner boundary may be over optimistic, each
component part such as wing, fuselage, or nacelle could be used to generate a
three-dimensional grid. The boundaries presented here were generated with the
computer program "A Computer Program for Fitting Smooth Surfaces to an Aircraft
Configuration and Other Three-Dimensional Geometries" described in reference 4.

Positions and derivatives are available on both boundaries.
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FIGURE 11 ILLUSTRATION OF BOUNDARIES FOR
EXTENSION TO THREE-DIMENSIONS
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Conclusions:

three-dimensions.

oK

kinww.m iy TP Lo o SE

~

Although it is not anticipated that this technique will supplant the solving of the
differentiel transformation equations, it offers a simple and rapid solution for a

transformation in two-dimensions for a large number of cases and is extendable to
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CONCLUSIONS

1. Curvilinear coordinate systems can be generated
algebraically for singly and doubly connected regions
in 2-D using parametric cubics and tension spline
functions.

2. Density of grid lines near a boundary is. easily
controlled. ‘

3. The technique should be extendable to three-dimensions.
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SLIDE 3

The intent of the approach is to not only provide ar algorithm

which is intuitively correct but is also systematically correct.

Hence, here we attempt to obtain a mathematical representation

not only accurate relative to the data,
mathematical form.

‘but also correct in its

!
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SLIDE 4

This "goodness of fit" criteria (the Tchebycheff Criteria) allows
us to approximate with this error in mind. We attempt to deduce

a mathematical representation constrained by minimizing this
maximum relative error.
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B
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Shown here is a typical pressure profile for a NACA wing section. 3
Typically, the point to be noted is that the pressure data is :
recorded to four digits. Hence, we intuitively deduce that this
data is accurate to four significant digits. Secondly, we note
the rapidly changing pressure gradient from the stagnation point
at the leading edge and likewise on the trailing edge. Now, we ;
want to deduce a mathematical representation which is only '

constrained by such a relative error, i.e., accurate approximately 1
to four significant digits.
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SLIDE 6

Four basic mathematical forms are considered:
form, the rational form (i.e.

the polynomial
ratio of two polynomials), and
piecevise polynomials, piecewice

rational and with or without smoothness constraints imposed.
Likewise,

their piecewise counterparts:

the four basic mathematical forms in two-dimensional

space are the double polynomials/rationals/with or without
smoothness constraints, i.e.

f(x,y) = Z Z aijxi-'yj’!, etc.,

Jj=1 i=1
for example.
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SLIDE 7

Analgously, these basic forms can be represented in terms of
Tchebycheff Polynomials. We perform our computation in
terms of such expansions for the purpose of maintaining
computational accuracy. This advantage is due to their
orthogonality property.
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SLIDE 8

On this slide is shown the Tchebycheff Polynomials expanded in
terms of the ordinary polynomials and vice-versa,

The detail
to be noted here is the magnitude of the integral coefficients.
The Tchebycheff Polynomials are large relative to the Power

Series cdefficients',' This characteristic leads us to a mathematical
representation which is more

compact (fewer doefficiénts) and has better
behaved coefficients.
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SLIDE 9

Shown on this slide is the pievewise construction of smoothness at
assumed knots x . If we have a mathematical representation y(‘)(x)
for a set of préscribed data over the first subinterval expressed

as shown, we can impose the value y(')(x ') for the second approxi-

1
mation at its left-hand end point. Likewise, the value y‘j) (x) is
imposed. Inductively, we can do so for any such subinterval. What
we get is a over-determined coupled system of linear equations which

we eliminated for a(}) simultaneously. Likewise, the two-dimensional
counterparts follow analogously.
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SLIDE 10

The Tchebyche ff Problem restated jn matrix form js shown., e note
we have 3 set of inconsj

of data points, k = orde
solve for a;
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SLIDE 11

Now since in general, we are interested in not only determining
one dimensional curves f(x) but also two dimensional surfaces
f(x,y), we have arrived at an apparent impasse because the
classical Tchebycheff theory ¢ 25 not apply. However, if we
reformulate our Tchebycheff problem in terms of the Linear
Programming context, we are able to solve our problem. The
opposite slide shows this reformulation.
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SLIDE 12

Now computationally, we do not wish to solve the primal linear

Programming problem, but rather its dual.

is desireable because the number of constraij
less in the dual formulation.

Computatlonally, this

ints is typically much
Also we seek to determine the least
order of such an approximation. This is possible since the least

the kth approximation by the fact

th) can be added to the dual

order approximation is related to
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SLIDE 13

Some numerical results are shown on the opposite slide. The test case is
y =1 - X2, Seven data points are inputted with a 102 error. These data
points could reflect measured data with some error and are marked on the
chart with X's. The exact solution is the solid curve. The dashed
curve is a cubic spline fit. The absolute Tchebycheff solution is
depicted by[:]. The relative Tchebycheff solution is approximately on
top of the exact solution. The results show waviness of the cubic spline
solution due in part to interpolation thru the data points. The absolute
Techebycheff approximation failed near the roots of y=1- X2 and was
affected by the 102 error resulting in a .12 maximum residue. The
relative Tchebycheff approximation not only showed no waviness, but

was the most accurate (1.2% maximum relative error). It also was able

to identify the curve y = | ~ X2, That is, it characterized it by
determining it was in fact = parabola by determining its coefficients

y = .987623 - .987623x%. Finally, the approximation was able to reduce
the effect of the error.
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INTERACT IVE PARAMETRIC EQUATION GEOMETRY SYSTEM

CAPT. JOHN B. ASHBAUGH, USAF

NASA SURFACE REPRESENTATION NORKSHOP 1-Z MARCH 1978
.« AMES RESEARCH CENTER -MOFFETT FIELD, CALIFORNIA




A major objective at NASA-Ames Research Center is to develop the
ability to integrate aerodynamic theory with experiment. Wind
tunnel test results and theoretical predictions of the aerodynamic
configurations will be compared on the local mini computer system.

In order to accomplish this objective, it is necessary to develop
geometry models that are as detailed and as accurate as the
physical wind tunnel model. In order to develop such a mathematical
model, the Interactive Parametric Equation Geometry System (IPEGS):
was developed.

J. "Ashbaugh
Vugraph #2




-—__—-.

NAME_/ AL (-ﬂ‘_ﬂ‘@',ﬂf_&j NO._A77-1does

AERODYNAMIC THEORY & EXPERIMENT INTEGRATION

S >

S -
i R

WIND TUNNEL LOCAL COMPUTER

AND DISPLAY

-

MATHEMATICAL
FLOW CONTOURS SURFACE
CROSS SECTION

IVOLLHIA dOL




' STEP 1: Digitize Drawings

The IPEGS System can be broken down into six major steps:

The cross sections of a particular component of the wind tunnel model, e.g., the tail,
nose, or upper fuselage, are digitized using an optical digitizer. The digitized points
of the cross section are displayed as they are being digitized on an IMLAC CRT. This
display ensures that the operator doesn't digitize a bad point and also that he has
sampled the cross sectic:. sufficiently to get its representative shape. Some of the
components of the model, e.g., the wing, canard, or vertical tail, are not digitized
but are input analytically into the IPEGS System.

STEP 2: Create Surfaces

The digitized points are transmitted to the local PDP-11 minicomputer where they are
transformed intc parametric bicubic surfaces through the use of tension splines.

STEP 3: Review Surfaces

The parametric bicubic surfaces are then examined on the Evens & Sutherland Picture

System. The picture system allows the operator to rotate, translate, or scale the object

in all 3 dimensions. The operator can also display the object in four views simultaneously,
reflect the object about any axis or display cross-sectional views of the object.

STEP 4: Modify Surfaces

The operator can interactively translate or scale the entire cbject or any component of
the object. In this way he can easily exchange components of the model or modify any
component. He can also ''pick' any bicubic surface or patch and then operate on that
surface. He has the ability to:

(a) sSplit a patch into two patches.

(b) Delete a patch.

(c) Force two patches to connect together with or without slope continuity.
(d) Create a fillet patch between two existing patches.

(e) Create a ruled surface patch between two existing patches.

( Corﬂ"d)

J. Ashbaugh
Vugraph #

4
1
1
3
%
;
i
:
;
;
!
j
%
|
;
4
:




L]

FLOW OF DATA IN SURFACE MODELL ING

DIGITIZE - " CREARTE " REVIEM ]
DRAWINGS —>1  SURFACES _ SURFACES . _
v oy
REVIEW CREATE " MODIFY
OUTPUT  |je— NETUHORKS SURFACES

BERT W




5_
L
!

STEP 5: Create Networks

After the model has been reviewed and modified to the specifications of the aerodynamist,
the paneling information required by a particular aerodynamic program can be extracted.
The distribution (sine, cosine, half cosine, even spacing) and the density of the paneling
can be changed interactively to emphasize the critical areas of the model.

STEP 6: Review Output

The paneling information is sent to the CDC 7600, operated on by the aerodynamics codes
and the output plot information is sent back to the PDP-1] and the EES Picture System.

The output plots can be quickly scanned on the Picture System and a hardcopy made of any
plot.

J. Ashbaugh
Vugraph #3
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ICAD
(INTERACTIVE COMPUTER AIDED-DESIGN)

ED BROWN

ASD/XRH
DIRECTORATE OF DESIGN ANALYSIS
AERONAUTICAL SYSTEMS DIVISION
WRIGHT—PATTERSON AFB, OHIO 45433
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PERSPECTIVE VILW OF EIGHT CROéS-SECTIONS :
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OBJECTIVES

0 ACCURATE MODEL - GEOMETRY DEFINED BY MATHEMATICAL EQUATIONS.
SURFACE COORDINATES, SLOPES AND CURVATURES ARE CALCULATED.

0 GENERATE MODELS AT ALL LEVELS OF CONFIGURATION DEFINITION STARTING

WITH THE INITIAL "BACK OF THE ENVELOPE” SKETCH THROUGH THE FINAL
THREE-VIEW DRAWING.

o CAPABILITY OF ADDING DETAIL TO THE MODEL AS THE DESIGN IS
DEVELOPED.

- 0 COMMON GEOMETRY - SINGLE SOURCE OF GEOMETRY INPUTS FOR A
VARIETY OF PROGRAMS.
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CURVE ELEMENT DEFINITION

STANDARD LOFTING CONIC
QUICK CURVE SEGMENT

SLOPE CONTROL
; . TERMINATION
4 TERMINATION SCP

SHGULDER SHOULIER POINT IS REPLACED

AxCHBxy+CyP 4+ In+Ey = 0 - BY SHAPE SPECIFICATION

< ot - |
ORIGIN ORIGIN _ 4
i
ROTATED '
X-AXIS
SHAPE KEYWORD EQUATION PARABOLA PARAROLA  X-ELLIFSE z
Line LINE Ax+By = 0 ;
x-Parabola XPAR Ax+Bysy® = 0 !
. k
y-Parabola YPAR Ax+By+x® = 0 ' '
Rotated x-Parabola RXPA Ax+By+ny+y2 =0 ROTATED
- 2 Y-AXIS Y-AXTS
| Rotated y-Parabola RYPA Ax+By+Cxy+x 0] P PARABOLA Y-ELLIPSE
x-Ellipse ELIX Ax+By+Cxey® = 0 , RN L~
| y-Ellipse ELLY - Ax+By+Cy2+xz =0 4 \ \

Cubie cuBz(c) AX+By+Cxo4x3 = 0

"




BLENDING CONTROL FOR CURVE ELEMENTS

CURVE ELEMENTS ARE BLENDED
TOGETHER TO BUILD UP CURVES
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Z SURFACE  ELEMENT

Aq - ORIGIN CURVE
A9 - TERMIKATION CURVE
A3 - SLOPE CONTROL CURVE

YX-Y00)% | [Z00-Z00)%
A2(X) B2(X)

TYPICAL SHAPE —=GROWING ELLIPSE

1

NOTE THAT QUICK USES BOTH

POLAR FORH Q(R, Ry, 9. 6,. A2, BD =0
B2 (RCOS @ - Ry C0S8,)2 + A2 (RSING - RoSING)2 - A2 B2 =0

WHERE Ro= R(X); 6, = 0,0 AZ = 2(X); B2 = B2(X0)

Q IS DIFFERENTIABLE PRODUCING
'D_R- » D‘—-R- P/ DZR P DZR r4 QZR
Ox "06 py2 0X08 Dg2
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CARTESIAN AND POLAR COORDIRATES




BDUPSCP

(5 FLEXIBLE PATTERN ®  AT-BY

BCDYMAX

ALL SHAPES FROM ® ®
O BDLOSCP OHE PATTERN

MODEL 4

MOTEL 3 1

Nz 16

k FORE-BODY COCKPIT
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OVERVIEW OF THE QUICK-GEOMETRY SYSTEM

| Q
3 VIEW Et%i—%&%ﬁ UNIVERSAL
RAWING - MATH
DRANIN DEFINITION MODEL
UNTVERSAL
MATH [~
MO]iEL
QUICK=LOK
LOOK UP GEOMETRY
FROM
MATH_ HODEL
Y Y [
QUICK=CHK QUICK-GEN QUICK=PLT
CHECK OUT GENERATE PLOT
MATH MODEL POINT GEOMETRY MATH MODEL
PRINTS g) VEHICLE
PLOTS DISPLAY

INPUT DATA DECKS

O—
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QUICK-GEOMETRY INTERFACE

PROGRAM: YOUR CODE

c COMMON BLOCKS FOR COMMUNICATION WITH QUSCK ‘.
COMMON/QUICK/ ...

C READ IN QUICK-GEOMETRY MATH MODEL - ;
CALL GEOMIN (IREAD, IRITE) |

C GET SURFACE POINT AND LOCAL DERIVATIVES

CALL CSGEOM (X,H,R,RX,RH,RXX, RXH, RHH)

END
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IMMEDIATE PLANS

(=]

ARC LENGTH LOGKUP FOR MULTIPLE SURFACES

o

WING GEOMETRY DEFINED BY BUTTLINES

o g N

o INTERFACE WITH A SURFACE PATCH TECHNIQUE

o MODEL SYNTHESIS FOR PRELIMINARY DESIGN
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Interactive Input For The QUICK(Geometv:y System

In order to compute the flow around any body in detail, the body surface
description must be sufficiently smooth to avoid generating disturbances that
would not occur on the prototype. Also, many of the methods for flow comput-
ation require points on the surface to be defined without restrictions imposed
by the geometry method. These requirements can be met by defining the surface
analytically. An added benefit of analytic geometry definition is that it
allows derivatives of the surface contour to be determined analytically and
therefore exactly.

The QUICK geometry systeml fills that need for an analytic surface
definition method for a wide range of moderately complex aircraft geometries.
It has been applied to such codes as a supegsaonic shock-fitting finite difference
method? and a transonic wina-body flow code”. A system for generating the
inputs to QUICK interactively, using a graphics terminal connected to a time-
sharing computer system, will be described. When fully developed, this system
will make QUICK much easier to use and therefore more readily accessible to
anyone requiring its capabilities.

1. Vachris, A. F., Jr.; and Yaeger, L. S.: QUICK-Geometry - A Rapid Response
?gggod for4l9|a§hema] tically Modelling Configuration Geowetry. NASA SP-390,
s PP. “ol.

2. Marconi, F.; and Yaeger, L. S.: Development of a Computer Code for Calculating
the Steady Super/Hypersonic Inviscid Flow Around Real Configurations.
NASA CR-2676, 1976.

3. Boppe, C. W.: A Computational Method for Transonic Wing-Body Flows. AIAA
Paper 78-104, January 1978.
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QUIKII

INTERACTIVE INPUT FOR THE 'QUICK" GEOMETRY SYSTEM

® ANALYTIC GEOMETRY DEFINITION NEEDED

SMOOTH SURFACE
UNRESTRICTED SURFACE MESH POINTS

ANALYTIC DERIVATIVES

@ ‘QUICK’ FILLS THIS NEED

SHOCK-FITTING FINITE DIFFERENCE (MARCONI)
TRANSONIC UWING-BODY COMPUTATION (BOPPE)

] INTERACTIVE INPUT USING GRAPHICS
MAKES ‘QUICK’ MUCH EASIER TO USE

J C TOUNSEND NASA LANGLEY
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In the QUICK geometry system concept the aircraft surtace is enveloped by a series
of body Tines. Each of these lines is a mathematically defined curve in space, con-
sisting of a s~quence of linked curve segments (generally conics). The intersection of
these body lines with any desired cross-section plane defines a set of control points
in that pilane. ET.iptical arcs fitted to these control points according to a logically
defined cross-section model determine the surface shape at that axial location.




ONCEPT OF QuU THO

CONFIGURATION

: CROSS-SECTION MODEL

LOGICAL DEFINITION

CAN :
BDYTC “
WNGLE

BODY- LINES /:ovl.c | o
MATHEMATICAL DEFINITION |
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A principle barrier to the use of QUICK has been the difficulty in
understanding the concept and relating it to the required program inputs.
Especially, having tc begin the inputs with logical definitions of cross
section models has turned some people away without giving the program a
fair trial. Once the concept has been mastered, further difficulties arise
in trying to accurately match any even moderately complex configuration.
Some of these difficulties are related to the geometric limitations of QUICK
itself, particularly the requirement that the surface be single-valued in
polar coordinates. But, aside from these, there is often difficulty in
finding the appropriate locations of body lines controlling surface slopes
or in choosing which of the many possible shapes for a body 1ine segment
gives the best surface fit with the desired configuration. Making these
choices often comes down to an iterative situation for which batch mode
operation is too cumbersome to allow a sufficient number of trials to
completely determine tiie optimum model.

What is needed is a new mode of operation which will immediately display
the results of a choice graphically to allow its evaluation, which will allow
new choices to be made interactively with the computer as required, and which
will lead the user througk the process of making choices until the whole
configuration has been designed. This mode of operation would also do much
to avoid the barrier to conceptual understanding of QUICK.
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DIFFICULTIES IN USING ‘QUICK’
®  CONCEPTUAL
\ ¢ MATCHING A GIVEN CONFIGURATION
| ® LIMITATIONS ON GEOMETRY ALLOUED
@  BATCH MODE TOO CUMBERSOME
. NEED
- €  GRAPHICS
®  INTERACTION
@  °LEADING THROUGH®
Ly
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The concept being developed stems from the need to work interactively with the
computer using a graphics terminal for display and user input. It will generate an
input file (or card deck) in the formats regquired for the inputs to QUICK. It will
operate within the geometric limitations of QUICK (using the same equations and sub-

routines where possible) so that the resulting configuration should be acceptable by
the QUICK system.

In this concept the control point locations in the cross sections are defined
(numerically) as the cross section models are being defined (logically). These con-
trol point locations from the cross sections are then "strung together,™ using the

QUICK curve segments interactively, to define the body lines. A data base system
(SPAR}) is used for mass storage.

4. Giies, Gary; and Haftka, Raphael: SPAR Data Handling Utilities.

Proposed NASA TP.
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CONCEPT OF ‘QUICK’ INTERACTIVE INPUT

[ WORK INTERACTIVELY USING GRAPHICS TERMINAL
0 GENERATE A ‘QUICK’ INPUT FILE

o OPERATE WITHIN ‘QuUICK~ LIRITATIONS

e DEFINE CROSS SECTION POINTS FIRST

o DEFINE BODY LINES FROM CROSS SECTION POINTS

e USE DATA BASE (SPAR) FOR MASS STORAGE

J C TOUNSEND NASA LANGLEY
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These next few slides were made directly from the screen of the graphics terminal.

They show some features of the interactive input concept as it has been implemented so
far.

Slide 5 shows the first displays on the screen. The circles indicate user responses.
"Restart" provides for the option to continue working on a configuration previously
started but not completed. The list of cross sections below the response "3" refers to
input cross sections to be matched. These are sets of (y,z) surface points obtained by
digitizing from drawings or by taking cross section cuts through some other surface
description (e.g. Harris inputs). They are previously stored on the data base. There
might be a hundred of these, but only the four used for the check case are shown.

QUICK requires as input for the cross-section logical definitions Hollerith control
point names, which later become Hollerith body-line names in the body line definition
phase of input. The 24 control point names shown were pre-selected so that the user can
refer to them by number, rather than by typing names into the key board. The mode! names
help the user keep track of which cross~section logical definitions have been made. The

arc shapes dand types are also Hollerith inputs required by QUICK and referred to by
number.
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LIST OF MODEL NAMES, CONTROL POINT NAMES, ARC SHAPES AND ARC TVPES
FPRE-SELECTEDR FOR QUICK' (AS DISPLAYED ON SCREEN)

DATA SPACE:= 12542 32-BIT WORDS ]
HIT { FOR RESTART

HIT 1 FOR A LIST OF CROSS SECTIONS %
HIT 2 FOR MODEL AND CP NAMES, ARC SHAPES AND TYPES . ;
HIT 3 FOR BOTH i
HIT 4 FOR NO MENU |

€
1 X 1 X I X 1 X 1 X -
20  18.000 21  22.000 22 26.000 23  30.000 S 0.000 |
!
. MODEL cP ARC
- NAMES NAMES SHAPE  TYPE
@ NONE
SHRP 1 B BC 13 U LE LINE PIEC
2ELL 2 BBTN 14 UROS CIRC  FLIN
3ELL 3 BBS 15U TH ELLI  ALIN
4ELL 4 BBSC 18 WTOS ELLO  PATC
FEOT S BSTN 17 U TI FILE
FSID 6 BPSSC 18 UTTS NULL
FTOP 7 BTTN 19 P BC
FT/B 8 B TC 20 P BI
3FLT 9 BTSC 21 PBSC

LMPY 1¢ 4 BI 22 P TI
1 11 W Bm 23 P TC
f 12 WBIS 24 PTsC
: 98 STOP

INPUT CROSS SECTION

INPUT @ TO END PROG 5 C TOMSEND MASA LANGLEY 278 S
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Slides 6A, 6B, and 6C show three stages in the logical definition of a cross section
model. The cross section to be matched was obtained from Harris inputs for a supersonic
fighter propcsal. The cursor is used to locate the map axis (center for polar represen-
tation of cross section by QUICK) and each control point as it is called for. A list of
control points used is displayed at the upper right. After the user has located the two
or three contrsi points needed to define an arc, he enters three numbers corresponding to
the arc type, the arc before and the arc after (0 if none). The arc so defined is immedi-
ately displayed on the screen to be accepted or rejected. Since the arcs are drawn using
the same equations as QUICK uses, any satisfactory arc will be satisfactory when done by
QUICK; conversely, if an arc is unsatisfactory it would not be done correctly by QUICK and
must be done again with changes in control point location or type. HWhen all of the arcs
have been defined, the arc numbers are input in order, thus completing the logical discrip-

tion of the cross section model. The completed cross section is shown as slide 6C. Hote
that several arc types were used in its definition.

The abore process has not only logicallv defined the model but has also located the

control points at one x-station. The.: locations will later be used to define the body
lines. ,
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EARLY STAGE OF CROSS SECTION MODEL DEFINITION ot

X» 26.0020

MAP AXIS

,‘/
]
[}
]
]
[}
[]
[}
[)
!
[}
[}
[}
i
]
]
)

|
\
\

\

§ ‘FIRST ARC DEFIN
- AS STRAIGHT LINE

1y

SEGMENT

183¢
CONTROL POINTS, /§ pae ke e
ARC TYPE AND SHAPRE S BSTN
LISTED AS DEFINED
CROSS SECTION TO BE MATCMSD
........ h N
CURSOR POSITIONED TO DEFINE
SECOND CONTROL POINT (S BSTN)
FOR ANOTHER LINE
CUES
' \m 1™ For mosct)
APk AXIS
cr )
ARG TYPE. ARCS SEFORE M AF {09
oK (CR)

JCTONNDD wontacity % 6A
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COMPLETED CROSS SECTION MODEL DEFINITION

INPUT CROSS
X* 25.0000

COMPLETE LIST oOF S BSTN
CONTROL POINT MAMES, 2 BN
ARC TYPES AND SHAPES asns
TO DEFINE THIS MODEL b UNTR ) §

SLOPE CONTROL POINTS ‘15um

/usen FOR ARCS 6 AND 7 s
: 9 ITSC

R R R . S

CUES

FB0T
PIEC LI
PIEC LI
PATC  ELLY
PIEC LINE
PATC  ELLO .
PIEC €LUI
ALIN  ELL:

BAP AXIS

P

ARC TVPE, ARCS BEFCRT AND oF1G8D)

PATCH CP

oK (CR) INPUT ARC NO IN ORDEHIISS4G7 )

JCTONSEND masA LanGlEy 278 6C
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Slides 7A and 7B show stages in the
points at another x-station using the same cross

process of locating the control

section Iogical definition.

i lar symbols
appear where they occurred on the previqus cross section (7A). A1l that

going down the list.
the corresponding triangle indicates it is the next to

arcs are defined they are immediately drawn
the cross section to be matched.

be located. As the
so they can be checked against

3 s T T S VTN oy

g




BEGIN NEW CROSS SECTION WITH SAME MODEL

X* 30.0000

COMPLETE LIST GF
CONTROL POINTS
AND ARCS

(ARC NAMES SHOU
PHYSICAL ORDER)

L 3
0™
BB
ISTN
BN
3es
uBs
Vi
BSTN
sl
ULiE
um
uvos
U™
3 TC
37SC

CURSOR TO DEFINE MAP AXIS

—f— - - -

«a— TRIANGLES SHOW LOCATIONS OF CONTROL POINTS

\"r/“/ FOR PREVIOUS CROSS SECTION
Vo m—-aa .

Ppum v wm. -

F30T
PIEC  sco
PIEC  mxC2
PATC  akC)
PIEC  ARCe
PATC  AxC3
PIEC  ARCS
ALIN  ARCS

e

Ll

e

LInE

ELlo

ELL:

ELLL

CUES\
INPUT 1D FOR KODEWS)

BAP AXIS

J C TOUNSEND

NASA LAMGLEY 278 7A
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|
TATER STAGE FOR NEW CROSS SECTION (SAME MODEL)
Xe 30.0000 o8 ¢

o™
s s
opsT™H
9 Q3TN

a8 S
é?sf? *Q" SHOWS CONTROL ou BI
g POINT LOCATION TO ou Le

~ oBsSTH
,f*b BE DEFINED NEXT U Bt
A& ou LE

U™
uros
em
T

SOUARE SHOUS PREVIOUS srse
LOCATION |[OF NEXT CONTROL POINT

9D~0
0

307
PIEC  ARCO  LINE
PrIEc  AMC2 UM
PaTc  amc:  EWLL
PIEC  aRCE  LINE
PATC  MACT  ELLO
PIEC  MMCS  ELLI
MIN  ARCE  ELL

------- - / cujson TO DEFINE CONTROL POINT LOCATION

.- FOR THIS CROSS SECTION

---‘-g-

-..-._.-—.-—-—-*i—.-—-

'y

INPUT ID FOR MOBELS
AP ANIS

J S TOUNSEWD WASA LamGiEy 278 7B
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Slide 8 shows the same cross section as on the previous slide. Because
of the reverse curvature it was impossible to match the top of this cross
section using the same cross section model logical definition. Therefore
a new logical definition was made with two additional arcs. Note that
arc 7 was not done correctly the first time and had to be done over. On
a graphics terminal having a refresh capability the erroneous arc would be
deleted so as not to clutter the screen. Note also that the last two arcs
could have been done over by moving the control points slightly so as to
represent the desired suriace more closely.
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COMPLETED SECOND CROSS SECTION MODEL

FrOP
Xe 30.0000 eor 2'22‘:35%&"»
’ 28N PIEC  LiE
' 3ss
CUE FOR SBSTN PIEC LI
NEU INPUT 2 BTN ‘
INDS PATC Bl '~
10 VU 83 :
UM PIEC LI
S BSTN
IOUBL PATC  ELLO .
11 U N 5
1IuLE ;
14 UB0S PIEC ELLO ‘
1I3uULE

;
;
4
.

1S 6™
s uros rrec  Euo
MODELING ERROR 13w i
(DOME OVER) 1sSum
16 UTOS  PiEC  ELLI

LAST AR

(]

7 TN
< 88 TC
% 9OTSC PIEC  ELLY
S 154m
70TIN PATC  ELLO

e o g -

INUT 1D FOR MODENR)
P Axs
c?
ARC TYPE, ARCS EFORE WD A1)
PATCH CP

0K (CR) INPUT ARC N0 In oRDENEERS G298 )

JC TOUNSEND ASA LamCLEY 278 8
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Slide 9 shows tne proposed method of defining body lines to complete the
geometric definition of the confiquration. As was noted previously the
control point locations defined in doing the cross sections are "strung
together" using the QUICK curve seaments. The side view (xz plane) and
top view (xy plane) of each body 'ine is defined separately. "Aliasing”
refers to the QUICK provision for defining a body line as exactly matching
a previously-defined body 1ine when this occurs rather than re-doing it.
“Scaling” is 2 provision for changing the vertical scale of the plot on the
screen to accommodate the variety of body lines which may occur for some
configurations.
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EARLY STAGE OF

CUES — SEGMENT  SHAPE, FREE END@®

| PIEC ELIX

AS DEFINED

BODYLINE 9 B TC SIDE VIEW
_/SEGMENT TYPE , SEGS BEFORE AND AFTER(EEN)

BODY LINE DEFINITION

PROVISIONS FOR SCALING
AND "ALIASING"

2 PiEC RYPA=—SEGMENTS LISTED

TRIANGLES SHOW CONTROL POINT
LOCATIONS FROM CROSS-SECTIONS

A A A A A A A A a

SCALE@ COMPARE TO @9

N
W

6 - 9 2
FSID 3FLT 2ELL

JC TOUNSEND MaSA LANGLEY 273 9
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After all body lines have been defined, all the information collected
will be output in the formats required for input to QUICK.

Experience so far has indicated that the system being developed will
be easy to learn to use, even by those who have never used QUICK. The

results shown indicate that with care good matches can be made with
moderately complicated cross sections.

The program is being written using ANSI standard FORTRAN, and is being |

made machine-independent as much as possible in order to enhance its
portability. (The hardware being used are a PRIME 400 computer and a
TEKTRONIX 4014 graphics te