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ABSTRACT

A fast computer program has been developed fot
accurately generéting boundary conforming, three—dimensiona)
computational grids for realistic aircraft conFiguarations;
The code can successfully ¢treat configurations with an
arbitrarily shaped and positioned wing. horizontal tail ané
vertical tail attached ¢to an arbitrarily shaped fuselage.
The grid generation technique 1is based on a conformal
transformation and nonorthogonal coordinate stretching and
shearing. The physical space is first stretched radially 55
that the fuselage "becomes a cirgular cylinder. After
finding the intersection contours of the wing and horizontal
and vertical tails with the co-axial cylindrical cutting
surfaces, these surfaces are unwrapped onto two—dimensionai
planes. A two-dimensional computational grid is generated
on esach of these planes by way of conformal mapping. Each
two-dimensional grid is ¢then transformed back to physical
space to form a separate three-dimensional computationai
surface. A series of these congruent surfaces results in §
three~dimensional boundary conforming computational grid
which is C-type about the leading wing and of an H—tgp;
about the trailing 1lifting surfaces. Clustering of th&
surfaces is possible in the spanwise direction so that
better resolution near the surface of the fuselage, tips of
the 1lifting surfaces, or outer boundary can be achieved;
Grid clustering is possible near all leading and trailing

edges and at selected points along the fuselage. The shapé
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of the cuter boundary can be prescribed making the gridyg

suitable for aircraft-in~wind-tunnel applications.

APPLICABILITY OF THE COMPUTER PROGRAM

The program is capable of generating al
boundary~conforming grid for wing-body—tail configurations

with the following characteristics:

(1) Arbitrarily shaped 1ifting surfaces arbitrarily
positioned on the fuselage. The lifting surfaces can have
arbitrary sweep and dihedral angles with any type of airfoil

sections.
(2) Arbirarily shaped fuselages.

(3} Vertical tail need not be on the fuselage

centerline.
(4} Up to three lifting surfaces may be treated.

(3) The outer boundary can be arbitrary in shape: butk

must be constant along the length of the aircraft.

(&) The program can alse produce grids for isolated
wings.

GRID GENERATION CONCEPT

The coordinate system wused is as follows. The
x—coordinate direction is the centerline of the fuselage

with the positive direction running from the nose to the
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tail (fig. 13. The y-coordinate direction 1is in thé
spanwise direction, while the z-coordinate direction pointg

downward from the fuselage centerline.

The first step in the generation of the
three—demensional computational grid is to radially sheat
the physical geometry so that the fuselage becomes &
circular cylinder. This means that at each x=constant
station alang the aircraft axis, the 1lifting surfaces are
radially sheared and stretched. It should be noted that in
the program, the input points that define the fuselage are
not actually changed, only those points that define the
l1ifting surfaces are changed. This radial coordinate
normalization depends on the local radius of the fuselagb
and the local radius of the outer boundary corresponding tb
the angular position of the point in question. Th@
resulting geometry consists of a distorted wing an@
horizontal and vertical tail mounted on & circular cylinden
shaped fuselage with the outer boundary also becoming 4

circular cylinder.

The next step is to find the intersection between tﬂe
cutting (ar computational) surfaces and the distortéc
lifting surfaces. The cutting surfaces are coaxial circulay
cylinders vargying in radius from the surface of the Fuselade

to the outer boundary (wind tunnel wall) surfacd]

Therefore, the problem of finding the intersection contours
of the cylindrical cutting surfaces with the distortae

geometry of the 1lifting surfaces becomes the problem 9
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finding the intersection of a circle (the cutting surface)
and a spanwisae cubic spline that represents the shape of the
distorted lifting surface. Also:, the spanwise cubic spliné
is a function of three space variables, but it is considereB
to lie only in one plane since the cutting surfaces do not
vary with «x. The intersection point of the two curves ig
determined using Newton’s iteration scheme. The initial
guess is choosen as the intersection of the straight 1ing

passing through ¢he pair o0of neighboring points in the

spanwise direction, and ¢the circle. The Newton iteration
requires only a few iterations to converge. After the y and
z coordinates of the intersection point have been

determined, the corresponding x coordinate is found by cubiﬁ

spline interpolation in the x—direction.

Since each lifting surface is represented by a numbef
of spanwise splines, this process 1is repeated for eacﬁ
spanwise spline and for each cylindrical surface. The
cutting surfaces containing the intersection contours aré
then uvnwrapped inte a (X,RB) plane to form the input for thé
two-dimensional grid generation scheme. Once the grid ha%
been generated in each two—-dimensional unwrapped plane, the
final ¢three—-dimensional grid is formed by re-—-wrapping ani
re—stretching ¢the cutting surfaces into a series of

congruent computational surfaces.
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The two-dimensional grid generation 1is performed a4
follows. After relocating and clustering the input points
near the leading and trailing edges of the airfoil contours,
points on the wake are generated. Two horizontal boundaries
which correspond to the intersection of each cutting surface
and the aircraft plane of symmetry are then generated
Along both wupper and lower boundaries the points are
clustered at desired 1locations. The clustering of these
points can be performed automatically along the fuselage
where the fuselage has the highest curvature. The location

of the clustering can also be specified by the user.

Each unwrapped cylindrical cutting surface is then
non-orthogonally sheared and stretched in +the vertical
direction to a width of two pi. The resulting uniform strié
containing tha airfoil contours and wakes 1is then
conformally mapped ¢to the computational plane with the
leading contour and accompanying wake becoming the curved
upper boundary (fig. 2). The upper and lower walls of the
strip plane become the straight lower boundary of the
computational plane, while the trailing airfoil contours are
mapped to the left and right-hand sides of the strip plane

between the upper and lower boundaries.

The corresponding points along the boundaries of thé
computational plane are connected by a combination of lineaf
and sine functions. Grid lines ¢that are emanating fron
points on the 1lower boundary will have to be connected to

points on the trailing contours and wakes. Separate grid




lines will have to connect the trailing airfoil contours and
wakes and the upper boundary. The resulting grid is mapped
back ¢to the wuniform strip plane and after restretching
becomes the grid in figure 3. This figure can be recognized
as a plot of a two-dimensional grid on an vunwrapped
three—-dimensional cylindrical surface intersecting a

wing—-body—tail configuration.

tach two-dimensional grid is wrapped back into a
cylinder and then restretched to obtain a three—-dimensional
computation surface. A series of such surfaces starting

with the fuselage surface and ending with the outer boundary

combine +to form a fully three—dimensional boundary
conforming computational grid. The surfaces can be
clustered in the spanwise direction to obtain better
resolution of areas of interest: fuselage surface, tips of

the lifting surfaces and the outer boundary which could

possibly be a wind tunnel wall.

COMPUTER PROGRAM

The computer program consists of a main program and
seven subroutines. Input is accomplished by a separate
file. The program makes wide use of IF-THEN-ELSE statements

and unformatted read and write statements.




Palge 7

The main program performs the following functions. It
reads in all input data and performs the radial stretching.
1t also determines the airfoil contours to be wused in the
two-dimensional grid generation. Lastly, the main program
restretches the cylindrical computational surfaces inte

their three—-dimensional shapes.

The subroutines do the following tasks. Subroutine
TSPLIN performs all spline fittings and interpolations.
Subroutine SPLIF2 determines the coefficients for the cubicsg
used ¢o define the 1lifting surfaces. Subroutine NEWT
determines the intersection between the cutting surface and
the spanwise cubic splines, found in SPLIF2, using a Newton
procedure. Subroutine YZGRID determines the clustering of
the cutting surfaces in the radial direction. Subroutine
WING2D performs all functions associated with the
two-dimensional grid generation. Subroutine WALLS generates
the upper and lower horizontal boundaries wused in the
two-dimensional grid generation. Subroutine XSPACE clusters
points, such as the spacing of the cutting surfaces or the
spacing of grid points along the airfoil contours and wakes,
by use of a series of single or double sine waves.

Input

The first part of the input 1is contained in the
namelist IYZORID. The following input parameters should be
included in the namelist.

MAXK

The total number of cutting surtfaces, should be less than
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2646.

AMPKG

Clustering parameter wused in determining the number of
cutting surfaces on each lifting surface. Increasing AMPKG
increases the number of cutting surfaces that will be near
the fuselage. The range for AMPKG is greater than or equal
to zero and less than 0. 31.

MAXY

Number of C—layers for the two—dimensional grid (including
the airfoil and outer boundary!) minus one. MAXY should be
less than 3J1. MAXY may be increased by the program for
configuratians haviné more than one lifting surface.

XMINF

X—coordinate of the first fuselage station.

XPINF

X-coordinate of the last fuselage station.

END

tength of two—dimensional plane (approximately 10.).

AMP 1

Clustering parameter for the grid points on the airfoil and
wake for all contours in the two-dimensional plane. The
range for AMP1 is greater than or equal +to zero and lesg
than 0. 15. Increasing AMP1 causes more clustering of the
grid points near the leading and trailing edges.
AMPY1

Clustering parameter for the C-layers along the right sidg
of the mapped plane. The range for A is greater than on

equal to zero and less than 0. 31.
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AMPYZ

Similar to AMPY1, AMPY2 clusters C-layers along the lety

? ]

side of the strip plane. The range for AMPY2 is greata:
than or equal to zero and less than 0. 32
AMPYC

Clustering paramefer for the —cutting surfaces. AMPY(C
clusters the surfaces closer to the fuselage and tips of thﬂ
lifting surfaces. Increasing AMPYC causes more clustering|
The range for AMPYC is greater than or equal to zero and|
less then 0.15
NOB

Number of input points on the outer boundary, should be IEQq
than 81.
NWLEFT
Number of points on the upstream boundary between the upp&v
and lower boundaries in the two dimensional plane. NwLEﬁ“
should be less than 22.
NLS

NMumber of lifting surfaces (present version needs NLS 1&4&
than 93,
NCELLT
Total number of grid cells about the leading lifting surfaﬁ@
and wake in the two-dimensional plane, should be less than
0.
AYY1
Controls C-layer curvature near leading edge of leading
lifting surface, AYY1 should be between 0.0 and O. 20.

CFACT




Page 10

Provides additional C-layer curvature control near thse
leading edge of the leading lifting surface. CFACT shoulg
be between O and 1.0.

AMPG

Clustering parameter that is used to determine from NCELLY
the number of grid points on the airfoil contours and wakes
in the two—dimensional plane. Increasing AMPG causes morTe
grid points ¢to be on the airfoils. The range for AMPG id
greater than or egqual to zero and less than 0. 31.

ITERMAX

The maximum number of iterations (typically 1less than 23
for subroutine NEWT. |

TAILCL

Logical variable that indicates if the vertical tail 1is iq
the aircraft plane of symmetry (TAILCL is TRUE) or nof
(TAILCL is FALSE).
ALPHDWN

Silope of the wake in degrees at the exit boundary in thel
two-dimensional plane.
NVTMIN

Minimum number of grid cells for the vertical tail when in
the aircraft plane of symmetry.
VTAIL

Logical variable that indicates if a vertical tail exists of
the configuration. If one is present, VTAIL is TRUE,
otherwise VTAIL is FALSE.

ISOWING

MY

togical variable that indicates if the grid to be generate
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is for an isolated wing.

YMAX and ZMAX

When ISOWING is TRUE, these parameters should be provided
They set the locations of the square outer boundary for thg
isolated wing case.

EXPO

Exponential factor that influences the C-layer clustering ip
the divisions of the mapped plane. As the divisions becomH
smaller, EXPO can be used to make the <clustering decreasy
rapidly by having the value of EXPO greater than 1.

The following input parameters are not in the namelist.

NR

Number of fuselage cross—-section to be input, less than 10t
NTH

Number of radial coordinates that define the fuselagH
cross—sections. NTH is the same for all cross—sections ang

should be less than 31.

ICON

Determines how clustering points on the fuselage arg
determined. I ICON egquals zero, the determination if
auvtomatic. I+ ICON is greater than zero, the clustering

locations need to be read in.

XCONL1

First clustering point on the lower centerline of fuselage.
XCONL2

Second clustering point on the lower centerline.

XCONU1

First clustering point on the upper centerline.
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XCONUZ2
Second clustering point on the upper centerline.

When more than two lifting surfaces are present, the
following six parameters are needed.
IVLE(L}
7 location of the leading edge of the tip of the third (ang|
fourth) lifting surface.
IVTE(I}
Z location of the trailing edge of the tip of the third (angd
fourth!) lifting surface.
XVLE(CI}
X location of the leading edge of the tip of the third (and
fourth! lifting surface.
XVTECL )
X location of the trailing edge of the tip of the third (an
fourth) lifting surface.
YVLE(I}
Y location of the leading edge of the tip of the third (any
fourth}) lifting surface.
YVTE(I}
Y location of the trailing edge of the tip of the third (ang
fourth) lifting surface.
AMPUW
Clustering parameter for grid points along the uppar
centerline of the fuselage. Increasing AMPUW causes mofje
clustering of the grid points. The Trange for AMPUW s
greater than orv equal to zero and less 0. 31.

EJ



AMPLW

Clustering parameter for grid points along the lowe
centerline. The range for AMPLW is greater than or equal t
tero and less than O, 31

EXPL

Exponential factor that controls the decrease of clusterin
along the lower boundary in the strip plane as the cuttin
surface radii increases. EXPL will make the clusterin
decrease slower if EXPL is made less than 1, or faster if i
is greater than 1{.

EXPU

EXPU is the same aleXPL. but for the upper boundary of th
strip plane.

DXLE(I}, DYLE(I), DZLE(I)

X, Y. and I coordinates of the break points of the 1liftin
surface planform. The arrays are used several time ¢
define the different lifting surfaces. It is important ¢

note that the leading 1ifting surface should be read 1
first and the vertical tail should be read in last.
DXTE(I}, DZTE(I)

X and Z coordinates of the trailing edge of the 1iftin
surface.
NDA(I}
The number of input points for the DXLE, DYLE, DZLE, DXTE
and DITE arrays for each of the lifting surfaces. NDA(1
should be less than 26.

NSTAT(I)

The number of span stations for each 1lifting surface +tha

4ge 13

b
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are to be generated by the program from the input parameterg
to describe the shape of the lifting surface.
XFUS(I1}

X locations of the fuselage cross—sections.
RFUS(I., J)

The radius of the fuselage at the I.J location. The indice
I refers to the x location, while the J indice refers to the
angular position. Note that the cross—-section is defined by
cylindrical and not cartesian coordinates.
THETA(IL, J}

Angular position of RFUS(I,J}. The value of THETA(IL,J)
should start at nogative one-half pi and vary monotonicallyl
to positive one-half pi.

ROB(I)

Radius of the outer boundary at the angular position I.
THEOB(1}

Angular position of ROB(I).

DX(I,J), DZ(I. J?

The coordinate of the input airfoil shapes. DX 1is thHg
chordwise direction and DZ gives the thickness. The inditH
I refers to the position on the airfoil. The airfoil point{

should start at the trailing edge and move counter—clockuwis

about the airfoil. The program assumes the airfoil to be a]
zero degrees angle—of-attack. The airfoils need only be Of
the desited thickness—to-chord ratio, the chord length ang
twist are detarmined from the arrays DXLE, DXTE: DZLE, ang
DZTE. The indice J indicates which airfoil in f€he wing

planfarm,




NAFXC

The number of different airfoils in the planform (NAFXC=1 qf

NDA(I}).

MAXX

Mumber of points that define the’input airfoil.

be less than 90.

Structure of Input File

The €first line contains a header describing the

The first section should contain the namelist IYZGRID.

NDA(I): I=1,NLS
NSTAT(I}, I=1.NLS

FORMAT(I4)

NR: NTH. ICON

FORMAT(3X, I3, 4X, I2, 35X, I3}

IVLEICI), ZVTEI(I)
XVLECI), XVTE(D)
YVLE(I}, YVTE(I}
I=1,NLS-2

FORMAT(2F15. O)

AMPUNW, EXPU
AMPLW, EXPL

FORMAT(&X, F10. 0, 53X, F10. 0}))

Fage 15

MAXX shoulg

input.




XCONL1
XCONL2
XCONU1
XCONUZ

FORMAT(7X.F10. 0)

(XFUS(I), (RFUSCI, J), THETACI, J}. J=1,NTH}: I=1, NR)

UNFORMATTED

(ROB(1), THEQB(I), I=1, NOB)

UNFORMATTED

The following are read for each lifting surface.

(DXLECI), DYLECI}, DZLE(I), I=1, ND)
(DXTE(I), XXS,DZTE(I), I=1, ND)
NAF XC, MAXX
((DX(I,J),DZCI,J}, I=2, MAXX), J=1, NAFXC)
ALL UNFORMATTED

XXS is a dummy variable

Qutput

Numerous values besides the actual grid

printed out in the program. A sample output is included ¢

show what a correct output should be. A brief

of the output is as follows.

points ar

explanatign

d4gqe 16
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The main program first prints out an echo check of th
header. The wing input planform break points for the firgg

two lifting surfaces are then printed, followed by th

computed planform definition. The sting tips of the firdg

two lifting surfaces are then printed. Output frg
subroutine YZORID contains the y and z coordinates of th
stretched 1lifting surface tips and the radii of th
stretched cutting surtaces. When more than two liftin
surfaces are present, the break points, planform definitig
and sting tip locations of the other lifting surfaces an
then printed. Subroutine WING2D prints coordinates of eag
airfoil contour aﬁd the singular point for the conforma

mapping

The coordinates of the three-dimensional grid an
printed out on TAPELS. Shown in figure 4 is the surfad
grid €for an F-15 type configuration that was produced by th

program.

gge 17
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APPENDIX A

INPUT LISTING FOR AN F-15 TYPE CONFIGURATION




F-15 TYPE CONFIGURATION,

$IYZGRID
ITERMAX=23,
MAXK=2,
AMPKG=0. 03
MaAXY=11,
AMP1=0. 123,
XMINF=0. O/
XPINF=28. 00,
END=11. O,
AMPY1=0. O0.
AMPY2=0. 073,
AMPG=0. 073,
AMPYC=0. 1,
NOB=13,
NCELLT=B0,
AYY1=0. 123,
NLS=3,
CFACT=. 9,

TAILCL=. FALEE.,
VTAIL=. TRUE.,
ISOWING=. FALSE. .
ALPHDWN=0. O,

$END
2
2
2
24
12
i2
NR=03INTH=18ICON=
-35. S0000
20. 452132
1. 65
AMPUW=0. 0735
AMPLW=0. 073
XCONL 1=7.
XCONL2=23. 3
XCONU1=3.
XCONU2=22.

. 099283270
. 107302729
. 111957701
. 101149144
. 099456866
. 107028748
. 103944551
. 093348843
. 093348863
. 103944551
. 107028748
. 099356864
.101147144
. 111937701
. 107362729
. 0992832°0
. 100000000
1. 00000000000
. 099283290

o4

-3. 5000

22. 0000
1. 63

. 1000000000000
—-1. 3859267357
-1.201197191
-1. 016397623
—-. 8319598035
~. &446798488
—-. 461998920
-, 277199332
-, Q92399784
. 092399784
. 277199332
. 461998920
. &446778488
. B3159803535
. 016397623
. 201197191
. 385996739
570726327

. 1000000000000
-1. 385996739

Y

3 LIFTING SURFACES,

—1. 570796326793

~1. S7079432L793

INPUT FOR CHCRIDC|




. 107302729
. 1119357701
. 101142144
. 09456866
. 107028748
. 103944551
. 09334E842
. 093348842
. 103944551
. 107028748
. 099434866
. 101142144
. 111937701
. 107302729
. 099283270
100000C0C

2. 00CGC00CO000O

. 345734170
. 3662232117
. 399283047
. 3823535235
. 361126940
. 335430773
. 311650435
. 301364617
. 3013306148
. 311944380
. 334518140
. 3755146233
.R16277513
. 4630932129
. 482752384
.451041821
. 444400000

3. 600000000000

. 609849439
. 648181638
. 685724768
. 6518170358
. 608267542
. 5589074615
. 5193522944
. 902260730
. 502244752
. 519662730
. 558260426
. 6146532983
. 668272481
. 717297863
. 699133042
. 6552245146
643000000

4. G00000CG00C00

. 732685549
. 772023414
. 853041831
. B93728B462
. B23271370
. 782839463
. 7263846408

. 201197191
. 0146397623
. 831598035
. 44464798488
. 4461998920
. 2771993582
. 092399784
. 092399784
. 277199352
. 461998720
. 644798488
. B31598053
. 0146397623
. 201197191
. 38599&73%
. 370796327
. 3400000000000
. 383996739
. 201197191
. 0146377622
. 831598053
. 646798488
. 461998920
. 277199332
. 092399784
. 092399784
. 2771993352
. 461998920
. 446798488
. 831598055
. 016397623
. 201197191
. 3859946757
. 870796327
. 4000000000000
. 385996759
.2011971%91
. 0146397623
. 8315980853
. 644778488
. 461998920
. 277199382
. 092399784
. 092399784
. 277199332
. 461998920
. 6446778488
. 831598053
. 0146397623
. 201197191

3859267359

. 370796327
. 7200000000000
. 385994759
. 201197191
. 014397623
. B31598055
. 44467798488
. 46192798720
. 277199352

=1. 3707943267793

—-1. 8707946326775

-1. 3707946326793
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. 703177744

. 703153750

.72713174%

. 783258725

. B32454642

. 8857473357

. 9210681022

. B39433244

. 79326413%

. 780000000
5. 000GO000000H
. 825039325
. 845315889
. 968099113
. 0236794163
. 019397109
. 997440627
. 234552911
. 204078187
. 20404635852
. 93446446014
. 003581294
. 030670C4&40
. 082304572
. 06733660
. F64033988
. 216042933
. 200000000
5. 5000000000006
. 875933237
. 218826874
. 027773619
. 084124283
. 077973847
. 053530726
. 986471602
. 954322498
. 9342942946
. 9B46534246
. 059330600
. 097571031
. 120328697
. 140759180
. 228164595
. 201887262
. 190000060
6. 0000C00C00000
. 205033209
. 754488063
. 0446476167
. 168807981
. 214199043
. 119930443
. 039368334
. 004343518
. 00263782646
. 045407772
. 069324188
. 074832802
. 1389385461

. 092397784
. Q92399784
. 277199352
. 461998920
. &446798488B
. 831598053
. Q1863974623
. 201197191
. 3835996759
. S70796327

. 8100000000000

. 3859946759
. 201197191
. 0146397623
. 831598055
. &446798488
. 461998920
. 277199352
. 092399784
. 092399784
. 277199332
. 461998920
. 645798488
. B313598053
. 0143974623
. 201197191
. 3859946737
. 3707946327

. B&O0O0C0000000

. 385996757
. 201197191
. 0146397623
. B31598053
. 6446778488
. 4461998920
. 277199352
. 092392784
. Q92397784
. 277199332
. 461998920
. 6446798488
. 831598055
. 0146397623
. 201197191
. 385996737
. 970726327

. 8200000000000

. 3839926759
. 201197191
. 016397623
. 831598035
. 644798488
. 441998720
. 277199332
. 092397784
. 092399784
. 277199332
. 461998920
. &446798488
. B31598055

—1. 5707263267%3

—-1. 3707246326773

—-1. 5707263286775




1
1
1
1

2984434465
401989898

380000000

7. 000000000000

P L N = Gy TPy SV o

L O N N N

. 915240536 -1.
. 265219086 -1.
. 058123980 -1.
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0. ?643232E-01 -0. 13318101
0. 486033E-01 -0.116471E-01
0. 121911E-01 ~0. 76802102
0. C00000E+O0 0. COCOQCE+GO
0. 1917911E-01 0. 768021E-02
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0. 373173E+00 0. 194326E-01
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¢. 0CGO0COE+OQ 0. 000000E+CO
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0. 971937E+00 0. 130324E-02
C. 991149E£+00 0. 416285E~-03
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APPENDIX B

QUTPUT LISTING FOR AN F-15 TYPE CONFIGURATION




F—15 TYPE CONFIGURATION, 3 LIFTING SURFACES, INPUT FOR CHGRILC.

LIFTING SURFACE NUMBER 1

ND NSTATIONS

2 24
DLE
0. 12000GE+02, 0. 180000E+01, —0. 70CGCOGE+CO, 1
G. 15931 1E+02, 0. B25000E+01, -0. 700000E+00, 2
DTE
G. 18000CE+02, 0. 180000E+01, -0. 700000E+CO, 1
C. 183614E+02, 0. B25CG00E+C01, —0. 70C000CE+QQ, 2

PLANFORM DEFINITION

KLE YLE ILE
i12. 6G0O 1. 8000 -0. 7000 1
12. 1709 2. 0804 -0. 7000 2
2.3418 2. 34609 -0. 70G0 3
12. 5128 2. 6413 ~-Q. 70G0 4
12. 4837 2. 2217 ~-0Q. 7000 S
12. 8346 3. 2022 -0. 7000 é
13. 6255 3. 4826 -0. 70Q0 7
13. 1944 3. 7630 -0. 7600 8
12. 3673 4. 0435 ~-0. 70060 ?
13. 3383 4, 3239 -0. 7000 10
13. 7092 4. 6043 -0. 7000 i1
13. 8801 4. 8848 -0. 7000 12
14. 6310 5. 1652 -0, 7000 13
14. 221%9 9. 4457 ~-0. 7000 14
14. 3928 5. 7261 -0. 7000 13
14. 5438 &. Q063 -0. 7000 14
14. 7347 &. 2870 -0, 7C00 17
14. 9056 4. 3674 -0. 7000 i8
13. 0763 &. B478 ~Q. 7000 12
15. 2474 7.1283 -0. 7C00 20
15. 4183 7. 4087 -0. 7000 21
15. 53893 7. 4891 -0. 7000 22
15. 7602 7. 9696 -0. 7600 23
15. 2311 8. 2500 -0. 7600 24
XTE YTE ZTE
i8. 0000 1. 8000 -0. 7000 1
18. 6244 2. 0804 -0. 7000 2
18. 0488 2. 3609 -0. 7060 3
18. 0732 2. 6413 -0. 70G0 4
18. 0976 2.9217 -0, 7000 3
18. 1221 3. 2022 ~0. 7000 &
18. 1465 3. 4826 ~-Q. 7000 7
i8. 1709 3. 7630 -0. 7C00 8
18. 1933 4. 0433 -0. 7000 ?
18. 2197 4. 3239 -0. 7000 10
18. 2441 4, 6043 -0. 70Q0 i1
18. 24835 4, 8848 -0. 7000 2
i8. 2929 3. 1632 -0. 7060 13
18. 3173 5. 4457 -0. 7000 14



18.
18.
i8.
i8.
i8.
18.
18.
18.
18.
18.

LIFTING SURFACE NUMBER 2

ND NSTATIONS

2
DLE

0. 190000E+02,
0. 2182923E+02,

BTE

G. 230000E+02,
0. 233679E+02,

3418
3862
3906
4150
4394
44638
4882
Siz2é6
3370
3614

12

. 7261
. 00&3
. 2870
. 3674
. 8478
. 1283
. 4087
. 4891
. 7696
. 2500

DNNNNDrOCO G

0. 130000E+01,
0. 575000E+01,

0. 150000E+01,
0. S75G00E+01,

PLANFORM DEFINITION

19.
19.
19.
19.
20.
20.
20.
20.
21.
21.
21.
21.

23.
23.
23.
23.
23.
23.
23.
23.
23.
23.
23.
23.

XLE

0C00
2572
3143
7717
o289
2862
5434
BCO&
0578
3151
3723
8295

XTE

0000
0336
0&73
1009
1343
14682
2018
2354
2691
3027
3363
3692

YLE

. 3000
. BB864
. 2727
. &591
. 04535
4318
8182
. 2045
. 9909
L9773
. 3636
. 7500

NN SN AEAN AN\ VI

YTE

. 5000
. 8864
. 2727
. 645791
. 0455
4318
gig2
2045
. 9909
L9773
. 3636
. 7500

QU R P PRROLONN -~

STING TIP LOCATIONS

Z-LOCATION(S)
-1.885130

—-0. 7000
-0. 7000
—-0. 7000
-0. 7000
~0. 7000
—-0. 7000
-0. 7C00
-0. 7000
=-0. 70G0
-0Q. 7000

15
16
17
18
ie
20
21
22
23
24

-0Q. 350000E+QO,
-0. 350000E+C0,

-0. 350000E+CO,
-0. 35000CE+00,

ZLE

~-0. 3500
-0. 3300
-0Q. 3300
-0. 3500
—-0. 3500
-0. 3500
-0. 3300
-0. 3500
-0. 3500
-0Q. 3500
-0. 3500
-0. 3300

ZTE

-0. 3500
-0. 3500
-0Q. 3500
-0. 35300
-0. 3500
~0. 3500
~-0. 3500
—-0. 3300
-0. 3500
—-0. 3500
-0. 3500
-0. 3500

DOND>U AWM~

ny -




-0. 5681C4

X—-LOCATIONS OF STING TIP LE AND TE

1&. 462723 19. 794947
SECOND LIFTING SURFACE
23. 243374 24. 443247
CALLING YZIGRID
C. 5375SBE+OC G. 5373SBE+Q0C 1
C. 2066F4E+01 0. 2346F4E+01 2
. 658882E+01 C. £58882E+01 3
0. 108107E+02 G. 108107E+02 4
C. 126201E+02 G. 126201E+02 3
0. 136723E+02 0. 1346723E+02 &
0. 169232E+02 G. 149239E+02 7
G. 201756E+02 G. 20173&E+02 &
0. 250000E+02 G. 250000E+02 2

CALLED YZGRID

LIFTING SURFACE NUMBER 2

ND NSTATIONS

2 12
BLE
G. 178000E+02, 0. 165000E+01, -0. 40000CE+CO,
0. 2004359E+02, C. 165000E+01, ~0. 55000CE+0O1,
DTE
0. 220000E+02, 0. 165000E+01, —0. 40000CE+CO,
C. 220000E+02, 0. 165000E+01, —0. 350000E+Q1,

PLANFORM DEFINITION

SRS
M= QO O0ONFTOARWOLN

XLE YLE ZLE
17. 8000 1. 6500 -0. 4000
18. 0042 1. 6300 -0. B&3S
1B. 2083 1. 6500 -1.3273
18. 4125 1. 4500 -1. 7909
18. &167 1. 6500 -2.2545
18. 8209 1. 4300 -2.7182
19. 0250 1. 6300 -3. 1818
19. 2292 1. &500 -3. 643535
1%. 4334 1. 6500 -4. 1091
19. 6376 1. 4300 -4, 3727
1?. 8417 1. 6500 -3. 0344
20. 04579 1. 64300 -5. 5000

XTE YTE ITE
22. 0000 1. 6300 -0. 4000
22. 0000 1. 4500 -0. B&63S
22. 0000 1. 6300 -1.3273
22. 0000 1. 6300 -1. 7909
22. 000 1. 4500 -2. 2545
22. 0000 1. &3500 -2.7182
22. 0000 1. 6500 -3. 1818
22. 0000 1. £500 -3. 6485
22. 6000 1. &4500 -4. 1091

(LN

VONGCGO RO~



0000000000000 00000000 0000000000000 O0000O0000000O00000

. 707274E+01
. 705196E+01
. 70068%E+01
. 693784E+01
. &82354E+01
. £63F40E+01
. 643938BE+01
. H17620E+01
. S88207E+01
. 860192F+01
. 5338464E+01
. 311844E+01
. 495193E+01
. 483%22F+01
. 4769464E+01
. 472348E+01
. 476741E+01
. 483592E+01
. 494779E+01
. 911382F+01
. 333412E+01
. 559801E+01
. 588609E+01
.617419E+01
. 64381 7E+01
. 465873E+01
. 682524E+01
. 693769E+01
. 700683E+01
. 705194E+01
. 707274E+01

. F03699E+01
. ?02324E+01
. B29347E+01
. 894800E+01
. 887488BE+01
. B773563E+01
. B659428+01
. 84962B8E+01
. 831790E+01
. B13932E+01
. 7R7606E+01
. 7B83%44E+01
. 773635E+01
. 7664671E+01
. 762390E+01
. 759395E+01
. 762386E+01
. 766L6EE+C]
. 773628E+01
. 783237E+01
. 797397E+01

22. 0000
22. 6000
22. 6000

X-LOCATIONS
20. 534425
FIRST AIRFOIL

oNeloRoloRoNoRoRoReRoloRoRoNoNoNe

SECOND AIRFODIL

0000000000000 000000 0CO000000O000QO00

1. 4300
1. 4300
1. 4500

OF STING TIP LE AND TE
24. 267218

. 361764E+00
. 3460353BE+QO
. 35792&6E+00
. 354037E+0Q0
. 3477989E+00
. 332&617E+00
. 329534E+00C
. 319028E+00
. 309863E+G0O
. 30405&E+C0
. 303183E+00
. 3C074650E+CO
. 316361E+00
. 327298E+Q0
. 339083E+Q0
. 361764E+00Q
. 2B4283E+00
. 395880E+CQ
. 404588E+GO
. 415073E+00
. 419421E+G0
. 418374E+CO
. 41221BE+CQ
. 403981E+Q0
. 39368B3E+00
. 38375&E+00
. 375469E+00
. 369460E+G0O
. 365593E+C0O
. 362989E+00
. 361764E+00

. 220971E+00
. 219582E+00
. 21439BE+Q0
. 211972E+00
. 203824E+00
. 182929E+00
. 154730E+00
. 148024E+00
. 142418E+00
. 138863E+C0O
. 138330E+0Q
. 1410&63E+C0
. 144371E+CO
. 153095E+C0
. 160327E+0C0
. 174296E+0Q0
. 188220E+00
. 193396E+00
. 202027E+00
. 207283E+C0O
. 209°74E+0C0O

—-4.5727
-35. 03464
-5. 5000

NOoONTTORQN

wn

10
11
12




SIN

OO000O00000O0

ReReNoNoNoRoNoNololoNoNoRe oRuloRoRoNoNoNoNoloNeReNoRoNoNoNole]

0000000000000 00O0

. 813245E+01
. 831785E+01
. B4R4L24E+01
. B65940CE+01
. B775333E+01
. 887484E+01
. B24799E+01
. B99346E+01
. 202324E+01
. F0346FFE+OL

THIRD AIRFOIL

. B64286E+01
. B6293BE+01
. B6001SE+01
. 855535E+01
. B4B245E+01
. B37447E+01
. B23131E+01
. BOS980E+01
. 787244E+01
. 768502€E+01
. 751351E+01
. 737G71E+01
. 726353E+01
. 719164E+01
. 714784E+01
. 71202SE+01
. 71505S0E+01
. 7195S7E+01
. 726850E+01
. 737425E+01
. 751B86E+01
. 768949E+01
. 787564E+01
. BO&L177E+0C1
. 823235E+01
. B37494E+01
. 848262E+01
. B55540E+01
. 860014E+01
. 862938E+01

B64284E+01

ULAR POINT,

(X,

FIRST AIRFOIL

. 7094684E+01
. 707734E+01
. 703504E+01
. &F7026E+01
. 6B64F1E+O1L
. &70902E+01
. 650260E+01
. A23546FE+01
. 39843 1E+01
. 97146F1E+01
. 3462F0E+01
. 526327E+01
. 910701E+01
. 5001146E+C1
. 493578E+01
. 489224£+01

CO0O000000QCQ0

< 0000000000000 00000AQ0OO0O00COQ00

t

QOO0 00Q0O00O0O00CO00QO0

. 2094 50E+G0
. 203948E+00
. 200413E+Q0
. 124382E+0C0
. 2154350E+C0O
. 225814E+Q0
. 224524E+00
. 222882E+00
. 221599E+00
. 220971E+00

. 39G135SE+0QQ
. 389573E+00
. 5883464E+Q0
. 3B&336E+0Q0
. 383623E+00
. 372452E+00
. 374202E+00
. S6844FE+GO
. 3463187E+Q0
. 539723E+00
. 3592195E+00
. 361879E+G0O
. S64F40E+CO
. 373003E+00Q
. 379180E+00
. 99C1335E+00
. 399905E+Q0Q
. 604540E+00
. 608603E+00
. 611682E+Q0
. 613213E+00
. 612917E+00
.610911E+00
. &07632E+QC
. 603682E+0Q
. 99968FE+CO
. S96209E+00
. S93597E+00
. 5921872E+Q0
. SP0LR4E+QO
. 590135E+00
4.773711

. 268120E+00
. 267237E+00
. 265355E+00
. 262337E+Q0
. 258214E+00
. 252214E+00
. 2449F4E+00
. 237500E+0Q0
. 23096%E+00
. 224B30E+00
. 226233E+Q0
. 229399E+00

235602E+00

. 243397E+Q0
. 251831E+G0
. 268120E+CC

. 7239433




CO00000000000Q0O0

O00000Q0O0O0000 QOO00000QOO0O0000000O0QOO00O00QO00QO0000

. 493314E+01
. 499727E+01
. 910211E+01
. 925782E+01
. S46456E+01
. S71230E+01
. S98280E+01
. &25332E+01
. 65011BE+O1
. 670825E+01
. 6B6454E+01
. &F700FE+01
. 703498E+01
. 707732E+01
. 70946B4E+01

. R06197E+01
. CG4980E+0C1
. 202343E+01
. 89B831&E+01
. B21801E+01
. BB197&E+01
. B&F36L6E+01
. B55542E+01
. B32040E+01
. B22561E+01
. BO7457E+01
. 794832E+01
. 7852%98E+01
. 778853E+01
. 77488BE+01
. 772283E+061
. 774B42E+01
. 778785E+01
. 785210E+01
. 794733E+01
. BO7359E+01
. 822476E+01
. B38977E+01
. B55500E+01
. 869343E+01
.BB1?7&E+01
. B?1795E+01
. B98313E+01
. ?02342E+01
. 204980E+01
. P06197E+01

. B&42BAE+01
. B&295FE+01
. B600B1IE+C!L
. BS5&72E8+01
. 848502E+01
. 8B378%1E+01
. B23841E+01
. BO7G35E+01
. 7B8701E+01
. 770371E+01
. 753545E+01
. 739509E+01

OO0 0000QO000COO00

SECOND AIRFOIL

00000 OQQLUO0OQ0O0000000CO00O00000000Q0

THIRD AIRFOIL

OC000DO0000Q00

. 284396E+GO
. 292834E+00
. 300650E+00
. 30685%E+00
. 310042E+C0
. 309421E+Q0
. 305280E+00
. 298745E+Q0O
. 291234E+00
. 284013E+00
. 278001E+00
. 27365BE+CO
. 270880E+0C0O
. 269003E+00
. 268120E+00

. 153154E+C0
. 152124E+00
. 130021E+00
. 1446913E+00
. 142080E+00
. 135533E+00
. 126486E+00
. 117806E+C0O
. 113732E+00
. 111193E+00
. 11080%E+CO
. 112777E+C0
. 116615E+00
. 121450E+00
. 126670E+CO
. 13&6770E+G0
. 14&6861E+00
. 182071E+00
. 15&64893E+00
. 160719E+GO
. 162679E+60
. 162297E+00
. 159746E+0C
. 1353737E+C0
. 15463B1E+00
. 157191E+0C0
. 155933E+00
. 154822E+00
. 183990CE+CO
. 153399E+00
. 153154E+00

. &790C01E+GO

&£78489E+C0O
&77401E+00
&7S791E+QO

. &73312E+00
. &69930E+00
. 665932E+C0
. 6618446E+GO
. 65834FE+00
. 65416CE+00
. 655833E+00
. &37512E+GO




OC0000000000000000C0O0O0

. 72888B0E+01
. 721692E+01
. 717262E+01
. 71424%€+01
. 717200E+01
. 721601E+01
. 72874&%E+01
. 739383&+01
. 753447E+01
. 770272E+01
. 788&31E+01
. BOLIFCE+OL
. 823817E+C1
. 837880&+01
. 84849BE+0O1
. 855&671E+01
. B6008B1E+01
. B&2959E+01
. 8642B&E+01

S STYRIMNI L A MM T AIYT

r

W

{C0O00000000Q0CO0O0O00O000

L Y

. 660821E+C0
. &65056E+00
. 66R717E+CO
. 672001E+00
. 68B&S2E+00
. &2378BE+QO
. 69B&36E+CO
. 702550E+00
. 704579E+00
. 704182E+C0
. 701550E+0C0
. 6F7447E+0CQO
. 692806E+00
. 68B8421E+00
. 684826E+00
. 682255E+00
. 680613E+CO
. 679515E+00
. 679001E+0Q0

N Y\ "V of of =

14
15
1&
17
18
i<
20
p

=

22

23

24
25
2&
.

28
29
30
31

-
=

o~

el e U s A D e Y e}




0000000000000 00QQOA00AO00DO0000C

OCO0000Q

. 714313E+01
. 712609E+01
. 708913E+01
. 703249E+01
. 694CG41E+01
. &80414E+01
. 662370E+01
. 640784E+01
. 61723BE+01
. DF34LBFE+O1L
. 97209BE+01
. 95403BE+01
. 940381E+01
. 931134E+01
. 92S5426E+01
. 921635E+01
. 925231E+01
. S30847E+01
. 240C19E+01
. 993&35E+01
. 971704E+01
. DF334FE+01
. 6169 7FE+OL
. 640611E+01
. &62265E+01
. 680357E+01
. 694013E+01
. 703237£+01
. 7089C7E+01
. 712607E+01
. 714313E+01

.R10%17E+01
. RO9F7SE+O1
. R07932E+01
. ?04B814E+01
. 89977BE+01
. B92417E+01
. BB2930E+01

FIRST AIRFOIL

0000000000000 0000QA0C00000000000

SECOND AIRFOIL

CO000DO0

. 177737E+GO
. 177219E+00
. 17611&E+00
. 17447 &E+0C0
. 171931E+CO
. 168417E+00Q
. 164201E+00
. 159822E+00
. 156017E+00
. 153608E+G0O
. 133247E+00
. 153098BE+CQ
. 138712E+00
. 163268E+00
. 168193E+Q0
. 177737E+00
. 187291E+00
. 192231E+00
. 1948046E+00
. 20043FE+00C
. 202301E+00
. 201938E+0C0
. 199513E+C0
. 195671E+00
. 191295E+00
. 1870&67E+00
. 183347E+00
. 180998E+00
. 179357E+00
. 178234E+00
. 177737E+00

. 936534E-0C1
. 952170E~G1
. 243468E-01
. 230354E-0C1

?10583E-01

. B827533E-0C1
. 847130E-0C1

VMO NET BN
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O00QO000000Q0AO00 000000000

CO0000000000Q0VLO00000000Q0O0000

. B72163E+01
. B60402E+01
. B47894E+01

. B346449E+01
. 8B26878BE+01

. B19648E+01

. 8147S58E+01

.B11746E+01
. BOR767E+01
. B811704E+01
. B146%6E+01

. B19570E+01
. B2&792E+01
. B3&3465E+01
. B47822E+01
. B60O346E+01
. B72128E+01
. BB2R0&E+01
. 892403E+01
. B99771E+C1L
. 20481 1E+01
. F07931E+01
. FO0FF7SEFO1L
.R109217E+01

THIRD AIRFOIL

. B642B&E+01
. B&3200CE+01
. B&0OBASBE+O1
. B57234E+01
. B51359E+01
. B42657E+01
.B31120E+01
. B173C3E+01
. B02214E+01
. 787122E+01
. 773308E+01
. 761792E+01
. 753144E+01
. 747336E+01
. 743803E+01
. 741608E+01
. 7441 19E+01
. 747801E+01
. 793724E+01
. 762437E+01

773726E+01
7B7639E+01

. BO298&E+01
. B17534E+01
. 831243E+01
. 842712E+01
. B51380E+01
. B57241E+01
. B6OESR7E+CL
. B63201E+01

B642B6E+01

SINGULAR POINT,

K,

FIRET AIRFOIL
C. 718924E+01
C. 717474E+01

0
o
0
0
0]
0
0
0
o
o
o
&)
o)
0
0
o
0
0
0
o
o
O
0
0
0
O
0
0.
O
o
8]
0
C
o)
o
o
¢
o
o
¢
&)
o
o
o
o
0
o
o
o
¢)
G
o
o
0
o
Y}

0.
0.

. B05700E-G1
. 774578E-C1
. 761954E-01
. 760029E-01
. 769876E-01
. 78908%E~-01
. 813307E-01
. B39474E-01
. 890146E-01
. 240818E-01
. R66993E-01
. 921217E-01
. 101044E+00
. 102029E+00
. 10183%E+00
. 100527E+00
. 100134E+Q0C
. 100120E+00
. 9921547E-C1
. 9793446E-01
. R69524E-01
. 962955E-01
. 958437E-01
. ?96334E-01

. 104542E+01
. 104500E+G1
. 104411E+01

104278E+01

. 104072E+01
. 103787E+01
. 103444E+01
. 103088BE+G1
. 10277BE+01
. 102582E+01
. 102552E+01
. 102703E+01
. 102998E+01
. 103368E+01
. 103768BE+01
. 104542E+01
. 1053314E+01
. 105712E+01
. 106080E+0O1
. 106371E+01
. 106521E+01
. 106471E+Q1
. 106297E+01
. 105990CE+01
. 10563&E+01
. 105296E+01
. 105012E+0G1
. 10480&E+01
. 104673E+01
. 104584E+0C1
. 104542E+C1
5. 223435

132602E+C0
132271+00

. 3557511




CO0000O0O00O000O000QOO00O0O00000000O0

O00000000A00Q0000ONROOO0CAOQOOQ0000

. 714310E+01
. 709462E+01
. 701578E+01
. 689910E+01
. 6744561E+01
. 655981E+01
. &35820E+01
. 6156SBE+01
. BF7172E+01
. S81710E+01
. S70G20E+01
. SE2103E+01
. 997222E+01
. 933%85E+01
. 99707 4E+01
. 961BR0E+01
. D6F74BE+0O1
. 981409E+01
. 3R&6BT77E+01
. &15403E+01
. 635626E+01
. &558351E+01
. &743282E+01
. &BF86BE+01
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. 353215E-01
. 349077E-01
. 342591E-C1
. 333510E-01
. 3223%6E-01
. 310403E-01
. 298798E-01
. 288558E-01
. 281658E-01
. 28B0377E-01
. 288175E-01
. 294534E-01
. 304647E-01
. 324227E-01
. 343805E-01
. 353918BE-01
. 363276E-01
. 373464E~01
. 382637E-01
. 3B8E834%E-01
. 388832E~01
. 3B4768BE-01
. 378631E~0C1
. 372254E-01
. 36673BE~C1
. 362639E-01
. 359955E~-01
. 358133E-01
. 357420E-01

. 117169E+01
. 117131E+01
.117111E+0C1
. 117053E+01
. 1146962E+01
. 1146837E+01
. 1146688E+01
. 114533E+01
. 116399E+01
. 116314E+01
. 116301E+01

116366E+0C1
1164%4E+01
116655E+01
11682%2E+01
117169E+01
117512E+01

. 117690E+01

117856E+01

. 117987E+01
. 118055E+01
. 118042E+C1
. 117954E+0G1
. 117815E+01
. 117656E+01

117504E+C1

. 117377E+G1

117286E+01

. 117227E+01
. 11718BE+01
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F035&64E+01

SINGULAR POINT,
FIRSET AIRFOIL

0000000000000V 0000000NO00 0000000000000 000000CO0000000000

. 740786&E+01
. 739817E+01
. 7377 1&4E+01
. 734496E+01
. 729259E+01
. 721504E+01
. 711258E+01
. 69898RE+01
. 6853BLE+0D1
. &72184E+01
. 659901E+01
. 64R63LEFQ1
. 64188&4E+01
. &36651E4+01
. 633434E+01
. 631340CE+01
. 633444E+01
. 636L67E+01
. 641903E+01
. 6496550E+01
. &59F07E+D1
. &72180E+01
. &483573E+01
. &98F70E+01
. 711237E+01
. 721488E+01
. 729244E+01
. 734488BE+01
. 7377 12E+01
. 739B1&4E+01
. 7407846E+C1

0.
(X, Y)

CO00O00000O00000000CO0000000O0O0000CO

SECOND AIRFOIL

. 7841 10E+01
. 9832792E+01
. 78148BBE+G1
. ?78724E+01
. F742248E+G1
. R&7353E+01
. ?58701E£+01
. ?4B085E+01
. F36501E+01
. 724960E+01
. ?143F4E+01
. 705510E+01
. B787146E+01
. B924041E+01
. B911646E+01
. B8928%E+01
.B911&61E+01
. B24033E+01
. B?8704E+01
. ?054F3E+C1
. F14376E+01
. 22493FE+01
. F364B0E+OL
. 74BOE&7ESOL
. R5BLEBLE+CL
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117169E+01

&. 261365

. 704486E-01
. 703334E-01
. 70087BE-0O1
. &97225E~01
. &21553E-01
. 683722E~-01
. 674326E~-01
. 6645462E-01
. 656075E-01
. 630700E-01
. 649895E~01
. 654026E-01
. 662087E-01
. &72246E-01
. 683224E-01
. 704486E-01
. 728752E-01
. 736734E-01
. 746899E-C1
. 754964E~01
. 739094E-01
. 75828%E-01
. 752915E-01
. 744423E-01
. 734453E-01
. 723253E-01
. 717422E-01
. 711748E-01
. 708095E-01
. 70963%E-01
. 704486E-01

. 267784E-01
. 266319E-01
. 263504E-C1
. 259292E-01
. 252693E~01
. 243463E-01
. 232181E-01
. 220032E-01
. 208318E-01
. 198067E-G1
. 191263E-01
. 120134E~-01
. 1925083E-01
. 2045B&E-CO1
. 214854E-01
. 234735E-0C1
. 254615E~C1
. 264884E-01
. 27438B&E-01
. 2B4467&E-01
. 293938E-01
. 292658E-01
. 300077E-C1
. 295881E-0C1
. 289574E-01
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. R&7S44E+01
.974217E+01
. 978720E+01
. 781487E+01
. 9B83271E+01
. ?84110E+01
THIRD AIRFOIL
. F3523FE+01
. 934047E+01
. ?31464E+01
. 927510E+01
. 721090E+01
.911610E+01
. 892021E+01
. 884162E+01
. B&7929E+01
. 851753E+01
. B36973E+01
. B24650E+01
. 815363E+01
. B0?101E+01
. BOS2463E+01
. BO2807E+01
. BO5433E+01
. B09385E+01
.B137%91E+01
. B25256E+01
.B37767E+01
. 852700E+01
. B&BF42E+01
. 885130E+01
. 899914E+01
. ?12230E+01
. 921501E+01
. F27750E+01
. F3138B6E+O1L
. 93408B46E+01

?35239E+01

SINGULAR POINT,

(X,

oBeReoRoNeRe]

<0000 0QOO0QO0QOAQ00000000000000Q00C000

)

. 2830253E-01
. 277359E~01
. 273149E-01
. 270392E-01
. 2683520E-01
. 267784E-01

. 117042E+C1
. 117014E+01
. 1146953E+01
. 116862E+01
. 1164722E+01
. 116530E+01
. 116300E+0C1
. 116062E+01
. 115837E+01
. 115727E+01
. 1153708E+01
. 115807E+01
. 116002E+01
. 1162498401
. 116518E+01
. 117Q42E+01
. 117573E+01
. 117849E+01
. 118107E+01
. 118312E+01
. 118418E+C1
. 118397E+01
. 118260E+01
. 118044E+01
. 117797E+G1
. 117360E+01
. 117364E+0G1
. 117223E+01
. 117132E+061
. 117071E+G1
. 117042E+G1
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