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WIND TUNNEL TEST OF THE 0.010-SCALE
SPACE SHUTTLE INTEGRATED VEHICLE IN THE
NASA-AMES 3.5-FOOT HYPERSONIC WIND TUNNEL (IA10)
By

F. P. Fitzgerald and M. T. Petrozzi/Rockwell International
J. W. Cleary and J. A. Mellenthin/NASA Ames

ABSTRACT

Experimental aerodynamic investigations were conducted in the NASA
Ames Research Center 3.5-Foot Hypersonic Wind Tunnel from August 1, 1973
to August 3, 1973 on a 0,010-scale model of the Space Shuttle Vehicle
orbiter and external tank (model no. 32 OT).
The purpose of the test was to evaluate the basic hypersonic stabi-
& litv chara,cteristics ot the external tank and orbiter and to define orbi-

I
ter plume effects og sero cna.fécteriauq wing soldd. pnma. v

' - I - o .
The test vas conducted at angles of sttack from -10° to 30° and ° a

angles of sideslip of -10° thru 10°. Six component force data and static
base pressures were recorded during the test.
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NOMENCLATURE
General

DEFIN"." LON
speed ol sound; m/sec, ft/sec

prensur: coefficient; (p, - p,)/a

Mach number; V/a

pressure; N/m?, psf

dynamic pressure; 1/2pV2, N/m?, psf
unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec

angle of attack, degrees

argle of sideslip, degrees

angle of yaw, degrees

angle of roll, degrees

mass density; kg/ma; slugs/ft3

Reference & C.G. Definitions

center of gravity

reference length or wing mean serodynamic
chord; m, ft

wing aree or reference area; m2, ft2
moment reference point

moment reference point on X axis
moment reference po&nt on Y axis

-

moment reference point on' 2 exis




NOMENCLATURE (Continued)

base

local

static conditions
total conditions
free stream

Body-Axis System

Definition

SUBSCRIPTS

b

1

8

t

Plot

Symbol Symbol
Oy CH
Ca CA

CcY

CLM
CYN
CBL

CL
CD

L/D

CN/A
cIM/A

XAC/L

normal-force coefficient; normal force/qS

axlal-force coefficient; axial force/qS

side-force coefficient; iide force/qS

pitching-moment coefficient; pitching moment/qSf

yaving-moment coefficient; yawing moment/qsf

rolling-moment coefficient; rolling moment/qsl
Stabllity-Axis System

1ift coefficient; 1lift/qS
drag coefficient; drag/qS

1ift-to-drag retio; Cp/Cp

ADDITIONS TO NOMENCLATURE

local normal force coefficient derivetive with
alpha; per degree.

local pitching moment coefficient derivative with
alpha; peis degree.

local longitudinal center of pressure.

[
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( NOMENCLATURE (Continued)

Flot ‘
Symbol Symbol Definition 1
* CY‘a DCY/DA side force coefficlient derivative with respect i

to total alleron deflection. Algebraic difference
of the slde force coefficlents of two runs divided K
by the algebraic difference of the total aileron 3
deflection angle of the runs; per degree.

Clo DCBLDA rolling moment coefficlent derivative with respect
& to total aileron defleciion. Algebraic difference
of the rolling moment coefficlent of two runs
divided by the algebraic difference of the total
ailer.n deflection angle of the runs; body axis
systan; per degree.

Ch DCYNDA yawing moment coefficient derivative with respect :
8a ! to total aileron deflection. Algebraic difference t
of the yawing moment coefficlent of two runs divided .
by the algebralc difference of the total aileron ;
deflection angle of the runs; body axis system; per

degree

QNG LCN/DA normal force coefficient derivative with respect
a to alleron deflection. Algebraic difference of
normal coefficient of two runs divided by the alge-
braic difference of the total alleron deflection of
the runs; body axit system; per degree.

Cn DCIMDA pitehing moment coefricient derivative with respect
da to alleron deflection. Algebraic difference of
pltching moment coefficient of two runs divided by
the algebraic difference of the total alleron
deflection of the runs; body axis system; per degree.

T

pegi:

At s

Ca, DCA/DA axial force coefficient derivative with respect to
e ailuron deflection., Algebralc difference of axial
force of two runs divided by the algebraic difference
of total aileron deflection of the runs; body axis
system; per degree.

ERON

B

Cyp DCI/DB stde force coefficient derivative with respect to ‘
beta. Algebraic difference of the side force coef- p
ficient of two runs divided by the algebraic dif- ‘
Perence of the side slip angle of the runs; per
degrec,




Symbol
Clp

Plot
Cymbol

NOMENCLATURE (Continucd) T

Definition

DCBLDB

DCYNDB

DCN/DR

DCY/DR

DCYNDR

DCBLDR

DCA/DR

rolling moment coefficient derivative with respect
to beta., Algebralc difference of the rolling moment
coefficient of two runs 4ivided by the algebralc
difference of the side slip angle of the runs; body
axis system; per degree.

yawing moment coefficient derivative with respect
to beta. Algebraic difference of the yawing moment
coefficient of two runs divided by the algebreic
difference of the side slip angle of the rumns; por
degree,

normal force coefficient derivative with respect to
rudder deflection. Algebraic difference of normal
force coefficient of two runs divided by algebraic
difference of rv:ier deflection of two runs; per
degree,

side force coefficient derivative with respect to
rudder deflection. Algebraic difference of the side
force coefficient of two runs divided by the alge-
bralc difference of the rudder deflection angle

of the runs; body axis system; per degree.

yawing moment coefficient derivative with v« . 1.
to rudder deflectlon. Algebralc difference £ uhe
yewing moment coefficient of two runs divids® by
the algebraic difference of the rudder deflection
angle of the runs; body axis system; per degree.

rolling mo~:nt coefflcient derivative with respect
to rudder deflection. Algebralc difference of the

rolling moment coefflicient of two runs divided by

the algebraic difference of the rudder deflection

angle of the runs; body axis system; per degree.

axial force coefficient derivative with respect

to rudder deflection. Algebraic difference of axial
force coefficlent of two runs divided by the alge-
braic difference of rudder deflection of two runs;
per degree.

[P
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NOMENCLATURE (Continued)

pitching moment coefficient derivative with respect

to rudder deflection. Algebraic difference of pitch-
ing moment coefficient of two runs divided by alge-

bralc difference of rudder deflection of two runsg

latersl center of pressure. Yewing moment coef-
ficlent derivative divided by side force coef-
ficient dexrivative.

axial force coefficlent at zerc angle of attack
normal force coefficient at zero angle of attack
pitching moment coefficlent at zero angle of attack
left elevon surface deflection angle, positive

deflection trailing edge down; degrees.

right elevon surface deflection angle, positive
deflection trailing edge down; degrees.

elevon, surface deflection angle, positive
deflection trailing edge down; degrees,

aileron, surface deflection angle, positive
deflection tralling edge down; degrees

rudder, surface deflection angle, positive
deflection trailing edge to the left; degrees.

external tank balance cavity aresa, 3.999‘1n2.

Plot
Symbol Symbol Definivion
Cn DCIMDR
‘I‘
per degree,
YAC/L
CA,. o  CAAFO ( aree.
Cx CNAFO
@=0 ; (ALPHA = 0).
Cp CIMAFO
e=0 (ALPHA = 0).
der,
Seg
de ELEVON
(aeL + aeR)/e.
8a ATIRON
(8eg, * deg)/2.
8y RUDDER
Apc
App

external tank base area, 4.255 in® model scale.




NOMENCLATURE (Concluded)

orbiter main engine nozzle base area, 2,081 1n°

orbiter base area, 2.010 1n® model scale,
OMS pod base area, 1.362 in° model scale.

orbiter base axial-force coefficilent.
external tank base axial-force coefficient.
externasl tank balance cavity pressure coefficient.

external tank base pressure coefficient.

orbiter base pressure coefficient.

OMS pod base pressure coefficient.

Plot
Symbol Symbol Definition
AME

model scale,
AoB
A
CAb CAB
c CARET
AbEI'
CpBC CPBC
CpET CPET
C

CpOB POB
CPQM CPOM
C CPME
PME

main engine nozzle base pressure coefficient.

()

10




CONFIGURATIONS INVESTIGATED

The model for this test was an 0.010-scale representation of the
Space Shuttle Vehicle configuration 3 Space Shuttle (model no. 32 OT).

The model consisted of the orbiter, external tank and simulated engine

FIPERETE S

plumes, The model was constructed of stainless steel except the orbiter

body which was constructed of aluminum,

[ S

A six compoment 1l.5-inch MK II balance was mounted in the external
tank,

The model was tested with and without non-metric main engine solid

RSOT S SR R

exhaust plume simulators. Figure 2(c) shows the model with plume simule-

<

tion installed, |

The various model components tested are listed below:

Og = Byg Cq Byy Fg My Ny, Ng Ry Vo Woo 3
B,., = VLT0 - 000139B (lines) body

C, = VLT0 - 000139B (lines) canopy 1

5]
[}

VLTO - 000139B (lines) elevon

’x
[}

VL70 - 000139B (1lines) body flap

M, = VLT0 - 000139B (1inec:) OMS pod ]

N, = VL70 - 000140A (1lines) main engine nozzle

=
n

8 VL70 - 000140A (1ines) OMS nozzle

R. = VLT0 - 000139B and VLTO - 000095 rudder

<3
il

VLTO - 000139B (lines) vertical tail

11




N

wm7 = VLT0 - 0001398 (lines) wing
T,y = VLT78 - 000041 (1lines) external temk
Am2 = VLT2 - 000089 (lines) attech structumre

Base pressure data acquired during runs 1 thru 6 are invalid. Tygon
tubing, used in measuring these pressures was melted by the tunnel hesat

during these runs, Prior to run five two external pressure tubes were

added. The location of these pressure tubes is shown in figure 2(b).

Pressure tap #16 has an area value of L.378 in® and pressure tap
#1T7 has an area value of 2,010 ine. Subsequent to run 006 tygon tubing
was replaced, in,.the orbiter, with a high temperature resistant flexible
tubing . With the exception of tap #4 which was inoperative, the data

acquired from that time to the end of the run series are considered re-

liabtle.

12
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TEST FACILITY DESCRIPTION

The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel 1is a closed-circuit,
blowdown-type tunnel capable of operating at hominal Mach numbers of 5, 7,

and 10 at pressures to 1800 psia and temperatures to 3400°R for run times

to four minutes. The major components of the facility include a gas storage

R

system where the test gas is stored at 3000 psi, a storage heater filled

5{

with aluminum-oxide pebbles capable of heating the test gas to 3&0093,

axisymmetric contoured nozzles with exit diameters of 42 inches for gener-

)
t
i
5
i
";
T
4
t
!

ating the desired Mach number, and a 900,000 £t3 vacuum storage system
which operates to pressures of 0.3 psia. The test section itself is an
open-jet type enclosed within a chamber approximately 12-feet in diameter F

and 4O-feet in length, arranged transversally to the flow direction.

MR y
»
; P SN R

A model support system is provided that can'pitch models through en : e

angle-of -attack range of -20 to +18 degrees, in & vertical plene, about }

a fixed point of rotation on the tunnel centerline. This rotation point
is adjustable from 1 to 5 feet from the nozzle exit plene. The model

normally is out of the test stream (strut centerline 37-inches from tunnel

centerline) until the tunitel test conditions are establiszhed after which
@=Gf it 1s inserted. Inserticn time is adjustable to as little as 1/2 second

and models may be inserted at any strut angle.

:;f ‘ A high-speed, snalog-to-digita: data acquisition s,.tem is used to
| record test data on magnetic tape. The present system i: equipped to mea-
b sure and record the outputs from 80 transducers in addition to 20 channels

of tunnel parameters,




DATA REDUCTION O

The aerodynamic force data presented were measured by the Task
Corporation 1.5- iach MK II strain gege balance and the moment data were
transferred to the external tank centerline at a point 6.80 in (model
scale) from the tank nose.

Base pressure axial-force coefficients were caelculated for the indi-
vidual regions as follows:

i. Orbiter Base Axial Force

c. = - C +A.C +A_C_)/S
A (Ag Dy OB P OM pOM)/

2, Externsl Tank Base Axial Force

C = - (A, C. +AC )/S
A'bET AETPET AECI’Bc
where S is the theoretical wing area (0.269 £t2 model scele).
These base pressure exial-force coefficients were calculated and
plotted but were not used to correct the measured axial-force coefficient

data.

The following reference dimensions were used for date reduction:

Symbol Description Value Applicable
(model scale) Deta -
AME Orbiter main engine nozzle 2,081 ina Pressure tap nos.
base area 3 and 4
A Orbiter base area 2,010 ina Pressure tap nos.
OB
5 and 6 or 17
A OMS pod base area 1.362 in2 Pressure tap nos.
oM
l1end?
i
1h
f{vr o T = e e ;;A;;MVW - S - S e — i ~ . : N R . o

- :
I
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F
( ' DATA REDUCTION (Concluded)
Symbol Description Value Applicable
(model scale) Data
App ET base ares 4,255 in®  Pressure tap nos.
. T and 8 or 16
ABC ET balance cavity area 3.999 in2 Pressure tap no. 15
s " Reference area 0.269 £t2 Force and moment
‘ data
Ir Reference length 12.90 in Moment data

Also see discussion in section "CONFIGURATIONS INVESTIGATED" concerning

the use of external pressure taps 16 and 17.




TABLE 1.

lDATE $

TEST $ IALO
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE  STAGNATION TEMPERATURE
MACH NUMBER (pet unit length) (ounds/sg. inch) (degrees Fahrenheit)
5.3 5,550,000 10.37 740. 4
Tk 3,830,000 3,83 740, 4
BALANCE UTILIZED: TASK MK IT
CAPACITY: ACCURACY: e
NF 500 1b —i2%
SF —_—
AF 300 1b 1/2 %
PM —_—
i —8004n-ld A2% ,
YM pr—— s D - —
COMMENTS:

-
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TABLE 3., - MODEL COMPONENT DESCRIPTIONS

MODEL COMPONENT: BODY - B19

égNggAL DESCRIPTION: Fuselage, Configurstion 3, per Rockwell Lines

VL70-0001398%.

NOTE: Identical to By except forebody.

Model Scale = ,oi10

DRAWING NUMBER: VL70-000139B
DIMENSIONS : FULL-SCALE MODEL SCALE
Length - IN. ' 1290, 12,963
Max. Width - IN, 267.6 _2.6% _
Max. Depth -~ IN. . 244, 5 2. 445
Fineness Ratio . 4. 82175 4.82175
Area - FT2
ﬁax. Cross-Sectional .. 386,67 0.038067
Planform |
Wetted )
Base

18
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TA'BLE 3, = Continued. )

( MODEL COMPCNENTs  Canopy - C7

?
: L)
»

GENERAL DESZRIPTION:  Contiguration 3 per Rockwell Lines VL70-000139

ekl
-

Model Scale = ,0 0

'DRAWING NUMBER . _Y170-000139

DIMENSION: FULL SCALE MODEL SCALE

Lergth (Xo = 433 to Xg = 670) ~ 4. F8 237
Moax Width
Mox Depth (Z, = tozo'm)-mm
Fineness Ratio

2.37

Arec
Max Cross-Sectional
Planform .
Wetted
Base

19




TABLE 3. = Cuntinued,

MODEL COMPONENT: _FIRVON -~ E23

GENERAL DESCRIPTION: Confipuration 3 per W107 Rockwell Lines

VL70-000139%, data for (1) of (2) sides

Model Scale = .0W0

DRAWING NUMBER: VL70-0001398

Span (equivalent) - 1IN, 353.34
Inb'd equivalent chord 114,78
Outb'd equivalent chord 55,00

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord .268
At Outb'd equiv. chord . — +400
Sweep Back Argles, degrees ‘ '
~ Leading Edge ' . ) ___9__09__
" Tatling Edge T a0
| Hingeline 0.00

Area Moment (Normal to hinge line)- FT3 _1548.07
Product of Area Moment '

s

MODEL SCALE

0.020855
3.5 334
1.1478

0.550

.208
+ 400

B

1

T v

e ——§ S 908 T T S e R
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TABLE 3, - Continued, L

MODEL COMPONENT;  F5 Body Flap

GENERAL DESCRIPTION: 3 Conﬁguntion. per Rockwell Lines VL70-900139

- m
Scale Model = 010
DRAWING NUMBER . __VL70-000139
DIMENSION: T , - FULL SCALE  MODEL SCALE
Length - 4n . 84.70 0.8470
Mox Width~ in 267.6 2.7
Max Depth
. Fineness Ratio
Arec - Ft2
Max Cross-Sectional —
Planform ' 142.00 0.0142
Wetted
Base 38.0958 00,0038\
}\
. 21
\
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TABLE 3. - Continueq, )

4

MODEL COMPONENT: _OMS Pod - M, |
f. T
GENERAL DESCRIPTION: Configuretion 3 per Rockwell Lines VL70-QOC‘139

- e
NOTE: M4 identical to M3, except intersection to fuselage.

~lodal Scale = 010,

'DRAWING NUMBER . _YL70-000139
DIMENSION: o , FULL SCALE  MODEL SCALE
length - IN . __346.0 3.400
Max Width - IN 08,0 l.080
Mox Depth - IN ‘ 113.0 1.130
_ Fineness Ratio
Arec - FT2
“Max Cross-Sectional -
Planform '
Wetted

Base

-——




TABLE 3., - Continued. .

MODE], COMPONENT: Attach Structure. - A‘I}L

CENERAL DESCRIPTION: Attach Structure for Orbiter-Tank Configuration 3 per

—4

Rockwell Lines VL70-000139B, VL78-000041

MODEL SCA!E = 0,010

DRAWING NO. SS-A00060
[ 3 s
DIMENSIONS:

FORWARD_ATTACH POINTS
Orbiter to Tank
°  Number of Struts
Diameter in.
location in.

%o

Xp

Orbiter to SRB
. Number c¢f Struts
Diameter in.
Location in,
Xo
Xg

Tank to SRB
Number of Struts
Diameter in,
location in.

Xr

1

(]
Orbiter to Tank
Number of Strats /Side
Diameter in.
Location in.
Xo
Xp

Orbiter to SR3
Mumber of Struts
Diameter in.
Location in,
X
Xs
Tank to SRB
Number of Struts

Disameter in,
location in.

FULL SCALE MODEL SCALS

3 3
__ 15,000 . 0.150

1292,1308,1308 _12.92, 13,08, 13.08
A1859,206),2061 18,59, 20.6], 20.61

~

e — el e
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TABLE 3. - Continued.

MCDEL COMPONENT: __NOZZLES - N g

GENERAL DESCRIPTION: Basic OMS nogzzle ol Configuretion 2A per Rockwell Lines

VL70-008306 and VL70-000089"B",

Intersection of noszle exit plane and

nozzle centerline at Xo = 1570.75, Yo = 499.25, Zo = 507.25

FODEL SCALE = ,010

DRAWING NO. VL70-008306, VL70-000089"B", SS-A00092

DHE}SIOP}_S_
Mach No.

Ilensth ~ ino
Gimbal Point to Exit Plane
Throat to Exit Plane

Diameter~in,
Exit
Throat
Inlet

Avea ~ £:2./Nozzle
Bxdt,
Throat

Gimbal Point (station)~ir,

X

Y

Z )
Null Position~deg.

Pitch

Yaw (Outbtd)

13.635

1318.0
488.0

492.0 .

l

1

__ 150"

A —— tow

120171

MODEL SCALE

4.92

15449
a2

—————

0N

.
[ ST S -

3 ST Py S
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TABLE 3. - Continued. -

MODEL COMPONENT: __MPS NOZZLES = N 24

GENERAL DESCRIPTION:

Configurstion 3A MPS Nozzles

MODEL SCALE = .O\O

DRAWING NO. YL70-QQ0140A, VI7Q-Q05030A
DIMENSTONS

Mach No.

Length~in,
. Gimbal Point to Exit Plane
Throat to Exit Plane
Diameter ~in,
Exit
Throat
Inlet
Area ~ft2, /Nozzle
Exit
Throat
Gimbel Point (station)~in,
Uppe; Nozzle

Y
A

Lower Nozzles
X
Y
2

Null Position ~deg.

Upper Nozzle
Pitch
Yaw

Lower Nozzles
Piteh
Yaw (outb'd)

a5

FULL SCALE MODEL _SCALE
91.000 0.910
45.16585 0.00453

.!.1&%.._..._. .2:5&5.._.
U 7\ I

R S S
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e
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TABLE 3. - Continued. O

¢F

MODEL COMPONENT: _Solid Plume - PL 1

U S 4

GENERAL DESCRIPTION: SSME simulated plumes from N24 nozzles to
represent all 3 engines at Ms 5,5 during exit trajectory

1
“.}

MODEL SCALE = ,010

DRAWING NUMBER:

COORDINATES : .
Ratio of local plume radius Ratio of local axial distance }
to nozzle exit plane internal from nozzle exit plane to nozzle i
radius exit plane internal radius ;
1.053 0.057 | ‘i
1,943 1,122 )
2,772 2.250 ]
3.497 3.30 ]
150 4,912 j
5,421 6.642 N
5.905 1.566 i ’]
6.389 8.529
1.321 | 10.496 |
1.861 11699 |
8,136 12,330 | |
8,672 13,602
8,937 1b.367
9.204 1’4.212
9.6l 15.56
DIMENSIONS: ) FULL SCALE MODEL SCALE :
" Nozzle Exit Radius, in. —11"'—"2.2 ’o"i""""", 22 (\)
{' 26




TABLE 3, - Continued.

MODEL COMPONENT:  EXTERNAL TANK - T10

GENERAL DESCRI PTION:

)
L

External Oxy_en Hydrogen Tenk, 3 Configuration,

per Rockwell Lines V1.78-000041 end VL72-000088

—Model Scale = .0jo

. V1L72-000088
DRAWANG NUMBER VL78-000041
DIMENSION: FULL SCALE  MODEL SCALE
Length - IN (Nose @ X7 = 309) 1865 18.65
Mox Width (Dia) - IN, 32, 3.24
Max Depth - -
Fineness Ratio 5.75617 5.75617
Areo - FT2 _A
Max Cross-Sectional 572.555 __0.05726
Planform
Wetted
Base ‘
WP of Tank Centerline (Xp) IN. ___400.0 _ 4.00

27




MODEL COMPONENT: RUDDER - RS

TABLE 8. - Continued.

GENERAL DESCRIPTION:

VL70-000095

2A, 3 and 3A Configuration per Rockwell Lines

Model Scale = .o\0

. DRAWING NUMBER:

VL70-000095

~ DIMENSIONS:

~ Area - FT2
Span (equivalent) - IN.
Inb‘q equivalent chord
Outb'd equivalent chord

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord

At Outb'd equiv. chor&
Sweep Back Angles, degrees

Leading Edge

Tailing Edge

Hingeline

Product of Area and Mean Chord

28

FULL-SCALE

.—106.38

M_l .
91,585

—0.833

0.400
0.400

Area Moment (Normal to hinge line)- FT3 _ 526,13

"MODEL SCALE

2. 01064

2.010

0,91585

0,560833 .

0,400

TV S

26,25
483 .

0.00053

i g



TABLE 3, - Continued.

MODEL COMPONENT: VERTICAL « V7

(  GENERAL DESCRIPTION:

routded leading edge
S B . tor ]

~Jidal Soale = -010 . »

DRAWING KUMBER: «=1EI0-000129
DDENSIONS:
TOTAL DATA
Area ng) Fe2
. Planform
Span (Theo) 1In
Aspect Ratio

Rate of Taper
Taper Ratio

Svut“;ck Ansgls.

Tuﬂim g.

0.25 Element Line
Chords:

Root (Theo) WP

Tip (Theo) WP

MAC

Fus, Sta, 2F .25 MAC .

We P. Oof .25 MAC

B, L. of .25 MAC
Mml.ndiml‘iag Angle

ng (]

‘l’rai‘ling Wedge Anglc Dg’
~ ‘Leading ? Radius
Yoid Am Ft
Blanketed Area

FULL-SCALE

3

H

didid e

00,0425

3.1587

22,6850

i

50
552

i

0,020
6.00132

|

Fl

NETEAE AR




TABLE 3. - Concluded.
MODEL COMPONENT:  WING-W 1o

GENERAL DESCRIPTION: Confizuration 3 per Rockwell Lines V1.70-000139B
NOTE: Same as W103, except cuff, eirfoil and incidence angle.

Model Scale = .0o\0

TEST NO. DWG. K0._ V1.70-000139R
DIMENS IONS | FULL-SCALE ~ MODEL_SCALE
TOTAL DATA |
Area (Theo,) Ft2
s Pu(:.?;‘orml ) . 2690.00 0r 290
pan (Theo In. 93 .3
Aspect Ratio : ~ f’;zﬁf E::
Rate of Taper. o 1,177 1.177
Taper Ratio 0,200 0,200
Dihedral Angle, degrees (@ TE of Elevon) 3,500 3,500
Incidence Angle, degrees 0,500 0,500
Aerodynamic Twist, degrees . 43,000 +3.000
Sweep Back Angles, degrees .
Leading Edge 5,000 45,000
Trailing Edge =10, 24 10,24
e rg.zs Element Line 35,209 . 35,209
ords:
Root (Theo) B.P.0.0. 689,24 6.
w\g. 2Theog B.P. 137,85 1. 23785
4.7481
Fus. Sta. of .25 MAC 3%%2:% 1i: 2689
WP, of .25 MAC —299.20 _2:9920
B.L. of .25 MAC ~a8243 L8213
EXPOSED DATA 2 .
rea (1heo) Ft ' 1752.29 0,17523
Span, (Theo) In. BP108 7.2068
Aspect Ratio 2. .
Taper Ratio . 0.2
Chords
Tip 1.00 % 1.3785
MAC 393.03 -3.9303 __
Fus, Sta. of .25 MAC 185,31 11-853|
BiL. of 125 MC E_.m"_ e
oo OF 1. 25176
Airfoil Section (Rockwell Mod NASA)
XXXX~64
Root% = 0.10 0.10
T‘ﬂ b L J 0012 0012
Data fo[ (B OfESZ) giggs
eadin e Cu
P'lanfogm A?'ea 2 18,33 0.01183
Leading Edge !ntersects Fus M, L. @ Sta 500 5.000
Leading Edge Intersects Wing @ Sta 20814 10.834

30
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Figure 2. -« Continued.
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Figure 3. - Model installation photograph,
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APPENDIX

TABULATZD SOURCE DATA

P
=
Tebulations of plotted data are available on request from
Data Managcment Systems
.4

e A

U S S



- e et e

$62962° - te2vey’ ¥E009G°~ 6ge2at* a2e’e
Vovx HIWO 2, 24 2] W

5 ”$9:5° Pr v 0L0° ~ C4LS0G°~ oIsChL° - CLOu" €615° An3TOVD
tSovL’ (71 494 [~ At crann’ -~ a2000° - S8LT0 - »Er28° Logs IR 46SEL” S09°G%
asets”® se2vt” Livest 48G50° - evann® $2900° - L2588 os0n°- | §8ves’ 166°8
2sv82° (S 4 0 [re SL000° ~ soveo” o0’ S8LEL” »6500°~ 82980° 408°9
yoeeu” g2y’ 98$5G° 46000° - 90000° orvin’® (=212 4 3 [r =g 99t5° 62"V
oLst - o6ovt’ eva26° - 26100° - * ©o1120° (Y1 4 3 L 47T g 91910~ (4 ot ]
£668K° - rcrot” ) Tl 9uta0’~ $2EE0° 13513 FBYGG" -~ "9960° - -1 34
SGETS -~ L1 73 34 L9 - oet0G" ~ 3S%00 oSG’ S0LL” 22LG0° = rER6G6"~ 133 o
GEOvY°~ 2260%° [ -~ 1384 (-4 > Nt [24¢r 1) (2013 atenn° - [-71-~¢ 30 € C~
ovorL’~ [ ot~ 206" - ec2an° 8stea’ ({5 3 73000° - -2 7R 300 SEC 6~

19929°~ 19082° [ v 8 $6260° - 198G0° 15990° a2 Y9600°~ T2~ 488 ¢~
SOELG’ a2e60° Ly’ (110 (e 2062~ D9S°* 6~
NAD

w0 \ 2] P N YW
Ge°E = OW

6068G°

u9te -  19982° SN2~ €6105°-
an ®

GG°S /00°S~ S WANLING LA €ty = v
wnto® = WIS
‘Nl O009°9CE = 4ARA

‘NI OOGG'GOY = 2
Nl DOGG 062 = AN

’RE . N . 'A .-' B B
- '“TY' OF THE ORIGINAL PAGE IS POOR. &3

ocG* = 30N  GOo° = WS

[r = VK8  000° 3 AT “NI GOGG* = A

[ = YUY GGG° s vwa ‘Nl OOV SL0T = 8% *14°96 GOOG 0692 = £LaS
YAVE NNIADY

VAVG JLulIvive
440 BEVW 24¥ GIL 6O GIVE 691-5°C SV

¢ €4 AN 83) (IGOLDO
iVl ‘eeT-5°C Juv DNOS GILYNRVL €4 223 S0 Jv2

13 V4

¢
{
L

AN . . —A_JJI a n¥M a aﬁ iMooy P .s oo .a:__,,,..ur.«.,:,,:\!\w\ms_w,,...t



699050° 9%LL80°~ «S0LLT” g2ete
EFSED’ 11648G"~ eeLy” oma's
a4 MO anv owm

o’ es” vy aonGs* ooy [voor i aocoa® cooog”® [recrig Fedte

2822t 266LY° *3996° 08625° - seecn’ oseve°~ 13445 026"~ €2eve’” 250 a2€ e
S9s5E° T 2geve” oeses’ oo~ wr2g° cerGtT~ 26rTe° (=03 ot e226e” owl G2 a2Xe
9Last°t 1347 % 2ue’ G2915°~ vy’ eS0° - L 31 it~ $4982° | L 31 o2e°L

(15370 GLIet” 135139 reLIG - T2’ wie2s’ - wusey” =1 2 6968t 20°6 a2¢e
26652° 2c6re” 29¢¢6° SOLIG - 2L9€5° 86166 L9sry’ 6GIEL - 660v0° 281°¢ G2e°e
Lo - orie ¢ ooesa° = 8L6IG°~ eovg” suten’ 11472 o wisy - G1680°~ NG~ oL

N (23 R4 @D NAD wo v O o YW HOwWe

s /00°S- = WAGINT INAIGWRS 66y =WV G /70 ON N

rrrog (s irry v rs v ooton*® ros v onn® ooon® [ri s v s INIIQVES

26122°% 6658v° oLEae’ g€sL20°- avieo® o2~ L4110 W3t~ 0689L° oo omz's
LT 65192° 9t29¢* 96220~ 62826° 962€8° - 134> SENN: - =1 0k 2662 L [+ a4
c.881°t e9502° cE6ve’ [ % g 9I280° 09%eG"° ~ 262t 232"~ e Ge6° vy m2°s

2seLs’ 8veot” (1504 3¢ 24026~ 1$8%0° 69660° ~ e ot2Et - > -1 £68°6 'S
sa842° <629t ° oG’ 92212G°~ 699vC° L6800°~ L0L8T° cert - 0w0° st s mS’e
W6GR"~ oLt 6L656° - »oe2G6°- »0656° 19680° 2064%° 6291°~ €3990°~ ot~ m2's

an @ © w NAD WO v P = ~ W How

GG°S /0G°S~ = WANIINI LGV 482 sV D0 “ON W

Gale” = AWE
oua® = ¥300W  00G° = WK Nl GGOD'0Or = <2 Nl GGOS°SEE = A3
goo* = 4¥08 GGG 3 NOADTT *NE GOO0° 2 dA ‘Nl GGOGT0628 = 4B
oGd NIV 000°S s v ‘Nl QOSYOSLGT = WK Cid'es GLOG 0oeZ = e

YAVG I

( €L AMNG2) (200L8W 440 WIS 20V OIL €O OIVI €95-6°C Sy

£2_320 $6 V0




il T

LR 4

eyr g arcve

| ooooa® 17

,. SOy -  99820° 2MWi6°- ¢ S20°08 . OR°L

, ss2ue'-  6uS20° sGSto~ 08t OR (1~ -oF }

| arsis’~  26e20° ”sLnt- Y2GSE a2ee
sitoe2*~  06026° 99sLa'~ 1286 oRe°e
9c0923°=-  19610° 20806~  99t°S o2e°e
699L2°~  9EL2D’ ”EG~ 990"~ a2e’s
Vo o 17,03 waw O

00°S 700°S- = WAMAINI LAIOVRHN 68y =V 0D oN NN

2192°-  16SSG°  ISStOS-  wOtoE GR'S

, coRLE -  9C620°  SINt0’-  ven'o2  OMR'S
w : 6EOYE°~  SO6V20®  2UNAO'-  NG°YY  (A2’S
: oeve°~  96220°  2BLOC’-  €£69°6 e2's

| 19rg -  16223° W~  9OL°S ®2's
W e09sE"~  29%20°  eveG0°-  OFI°- »2's
W vom vno %D W 1OW

G0°S /00°S~- = WARINI AV 8°2 =WV G /0 ‘O

GGG = e
GO0 = IO 00G° = WKS NI QOUG'OOY = e ‘ul 0098°9E8 = 4l
Gao"° = J¥08 ©OO0° = NI ‘st Oooon* s A ‘wl OO0 O83T = LN
aco = WONUY  GOG°S = V438 NI QOSPSLOT & LW *A4°08 QUODG'ORT = 4AWS
vAVA JTULIVUVE YAVG RGN
( €4 AN 83) (200490 4490 VW LV GTL €O OIVI O01-6°C SV
GIVI ‘893-5°C JWv Vs CALVYWVL @ 2 60 uVQ

-



L
T

RiEEH

= y300W  OGO°
= o408 000°
= MMV 000°

BE8

VAVA JTuLIVEYY

¢ €2 AN 82 CPOOLIN

= ¥X0W  G6o°

AL

ViVG JULIVHVS

¢ €L 438 12 (SOOLGRND

¥
5

T 440 IM 2UV O34 60 OIVI 693-57E SV

oooon*
092eq*
»ovzn’
WG’
€1820°
cLven’
eoLYG*

NAD

440 WM 2LV OTL €O GIVE GOT-6°E SAW

L1 Sl
[ 11
281T°
ovme2t*
aotre’
Lo
A

GO°S /00°S- = WANAUNI 2AI0NS a8ty = e

GOO0G°
lAc 11
eIt
$963%°
oIS’
F-~2 4 3
926LT"

A\

00°s /00°S- = TWANAUNI LAIGRS 6L = Ve

OIV1 *6RI-6°K Ju¥ WS GALYVEVL

°NE GOOO°00F = S

b

°NE GDOO'ODF = o

LRIV
gec*os
*$0°G3
L96°vL

T 1eece

BV°6
E 33 g
aw

0X°e = OW

(51775
‘NI (09 9S8
‘sl 00O0°OS2E =
NI QOGP SLOT = A °L4°08 O000°OS =

VAVG ONRALN

ANGIUD
"wo'ok
;LG
SE6°rT
2.6
e
€28~
VsV

e = HOwm

[r )57
*Ni GUE9°9CS = A0
Nl GOORTO62T = AR
Nl GOSV'SMOT = G 4406 QUGD'OMZT © SRk

YAVG ZONANASEN

€4 230 SC AV




i e

GuoGo®
L2~
00LL2%~
S~
VIV
w's
oGo® = 300NN 000° = WS
060° = 408 000° = WOATR
ono* =Y 006 = Vi

VAVO JINiINEVe

( %LAng3) (rOUe

aGoog
L0880° =2410°-  O°OR
12020
egz2n

* - 296°9%
e120° - 199%8
L9872 * 1 138 ’
"L’ S 13

QovG” = e
‘Nl OODO°OOw = N2 Nl 0008°9E8 = 4B
NI OGOG* 3 A *ul 0000083t = £
‘Ml QDEP L0 = SR °L4°CS QOOO'GESS = SIS

A0 VM UV OIL €0 OIVI E9T-6°C SV

OI¥E ‘@8T-5°S WV DWWE AVIEvL




G200k0" Sepevp’-  O2209%° o2e’L
01950° 6sL6va°~  #SSLLY” »3°s
SN oMo oM o™
geLYEt sy 2966S* FR= iy -y ez~ &¢It e9tne -  owve” oGsToe 62e"e
ea99s T  GIoe2’ e8e2e’ o2000° 2vooG’~  tesen’- S92t 06YioT~  9S0eE” st G2 o2 e
1922 veeLt’ 20022’ toooot~  Otwe’ Zuso’- | S9ALL° sseto’~ | OL6s3 oSt oL
GIvee° atove’ otett’ eLaGn°- | 99%C0* welGc- 262t G2125°~  9S2Y we's o28°e
L7992° 26y 218¢5° oG5~ 650 [~ rry FF. r 43 o5¢20°~  SGUSO wz's o2e L
esegs’-  Loet° ¢sevg -  t2200°- 6 aen’ - 23 €9920°-  196vG -  ©80°-~ oW L
an ®» x-) w ~O WD L 7] O o W O
Go'S /00°S- = WANRING bamwn  e's VNS G/0 COn N
sose2*y  vsGeYt | Y9619’ 22900 E900°- | ve9L2T- L0931 YO0 y1=-77) 90°08 'S
v2tec's  v2092° | 2wet” 22860 0~ L2023~ SR 6500°- 9SOV 190°G2 oz s
ogsr2's  esenzt | 8908’ 65200 o6taa’~  O12ep’~  EEReT” evvon’ - | 89SCE ves vt m2"s
onre* toreLs’ PR 2 3 yo300° WWH°* - SOGrS° ~ LYY’ 65YGa° - cLreLy” i99°6 [+ -4
921" ot - 99280’ £9000° - greonT~ | 99E9%° vontlo’~ | 94490 s m2's
12092~  teLLT® | S2160°-  9OOGO- L3900 199¢0 veLy' 6CI0°-  OVISO°-  So'- .z"s
an o 3 o - NAD D v » B - LTy owm
: 00°S /00°S~ = WAWAND 1NGAIGvVD  26°T =V 0/0 @ OnNNw
Gate* = FWe
GOo = u300W OGO = WS NI QOOG'GOP = <2 ‘NI GOSPSES = GuA
') z V08  C0O = NOAT R & 00GOD° = WA ‘Nl OOUG 082 T A
= wvaa nl GOV SL0T = & LIS 0000°GES2 P o

430 I UV GIL 6 GIVE GIT-5°E SV

GIV¥L *691-6°C NV IS QALYYRYL




”So83" -~ sve26° - tnss a2k e

MWGL2"~ "t2o’ OLSUG"~ wuL'e G2e°e

v ¢ €e610° IS0~ a2's o2t
, - e’ 23von’- €60°~ a2e°e

WV Yo v/WO W O

03°6 /G0°S~ = WANANI DGIIND  8L°S = o/ ON

2ueev~  L0480°

2r6e8°~  62020° 20310°-  te0°C2 ®m2's

€191¢°~  99920° 20LG0°~ R8T m2's
* IPO0°-  499°6 ®2’s

|
. i MR- 20020
| _ GRevE'~  20€20° L0800~  ORT°S s
| " Qlose*~  €9220° ¥5L00°~ - os2°s
; Vv 7. 170 oW O

[ v} (g = IO
00G°* = 300N  GGG° z WIS °NE OGOO0DY = M ‘Nl QGE9T9E8 = 4E
o006 = VK9 005 =z AT *NI 000G° 3 A ‘N1 GODGOSTT = A

NI OGEVSSLOT = A Cid°08 QOOGT0SSE = 4R

Goo°ot =} Y 0G0° a2 N

vivh JTuiBeNivVe VAVG NGRS

¢ &AM’ (SO0G0 440 DEVM 2UV OTL €O GIVI GR1-5°C S

'3 Nve GIVI *ED1-5°C W TS CUV VL G4 330 SO ™V




oRT29°4T ORE°e
BUSYLT  093°S
VA O

420’ era’ s’ neuGt. ONIG° slon®-  6woon’ ris20°- oo’ JT

goesa -  sesat’ 6558G°-  OONCY°~  @2160° €ts20° s|ot° 20ve2"~  6CoSG°-  €DE°CS oL
s63c2°-  S264%° oPrG- W620°-  SSOMO° tre20° s262¢° €5€22°~ vOT-  Sev'e oz ok
Sc&.‘...aﬂn. 99265°~  €1226°~  26280° £6548° WL~ X0~ uSe ax"e oy

1€832°~ oeeet” 2489U85° - it~ 2w’ [r -1 5 L~ ol 49965°~ 'y [~ <%
s1428°~ $629%° 659$0° - SN~ otLT0° £629t° 60890°~ 60vsa°~ 2%2°2 a2€°e
1269¢°~ €a19t° 2995G°~ zZtos’- 95100° catet® €900G6°~ 2999G°~ t- 1 [ ar

#0191° o2y’ FYFI- S 0 S e
391° zeven® 280" JC~ oRe"e Loy
wuwt® oot @22%5°- CWs- G372 Pl
tenet” gss6t°” IWoSG"~- IETL- e .

099se°~-  eulet’ L85~ 66RLG° (=491 0
22180~ L99T° t62sG°~-  26600° $1920°~
20892°~ W99 2286~ MG’ 262v0° -
o1662° - 135 1 3 2u65°- 18N oo290°~
e~  s20et® tr6eG°~  t6RC0° asen”~

JHH L

st .80eS° Wwern°~ s0E°6~ ok e

BLLY 4yv2n* 11990°~ g9 - omS's

eeee°~ 9oLt 19995~ ¥S€00° 49%%0°~
creLt” 34608° i&S0°~ v~ m2's

[ sveLt’ 46$90°~ €£o03a* 16620° -

£9928°~ «6608° GLYIG ~ £2616° L260°~ ceeet” [ 442 GLYSD - S4r°S- »nT°S

9629%° e2g2® %180~ osvL- aeZ's

an [+ b ) =w nNDO WO (2] O 0 vine oW M
"
6°S /00°S- = WAMAINL DSING  98°C =WV G /0 'ONNW
v.905° ortaG° G’ 96ton°~  v9nta’ tRooG*~  otion® 06620° 9060° narone :
@G~  oten2® 29665°-  826¥5°~ W2V’ £215G° gteo2’ L¥6¥E°~  49585°-  206°08 m's H
ectEa’-  26I02° 288S5°~  O0BEG°~  19660° £9CC0"° 26302° 20v82°~  LESSQ°~ VY8 om2s

yee2*~-  SIS6T° 4965°-  62620°~  OYWLQ° oLsen”’ 3561 RIS USSC'~  $9C°S ;s b
orpigt~  2099t° SPI95°-  ¥96I0°~  8E260° egecn® 2590t° 241261°~  SvieQ*-  €S2°¥ w2 Lo
20998~ 93cet* @G~  L9TtG-  C9620° eI’ 99¢9T° 6L~  9W¥Ig - U3 o2°s m
Geoee’- 9Lt 2249G°- eSO~  91900° | $3IeU° TR 1662~ | Z=2490°~  19%° oS Cy
or2v;* ; w

[ 335

"ween®

1$9%0°

os2e0°

65682°~ 6L 190"~ 92820° -
02~ €618%° $1980°- £2860° ™ot~ £616%° o2’ ste80°~ 956~ m2'e

an (=] O w0 NAD o 2] N ~ ViR O
GG°S /00°S~ = WAMAING Lalonn $9°t =vaa 070 ‘ON N i
jS
15
£
cGlo = AWE ¥
GGO' = ¥3000 000° s WS *NI GODOTODF = <2 ‘Nl OGIB IS = SRR
[rrrg = 4Y08 Q0G° s AT *NI 0000° = A ‘%l GOOG'O62F = 43N K
[ ) = WY  000° s YNaW ‘Nl QOOV'SL0T = B “Li'WS OGOG OO = 4N 4
VAYS UL IMVEVe YAVG NG
¢ L ANS3) (990400 445 3N 2LV QUL @O OIVI GOI-E°C SV
] 1Y OIVE *601-6"C DUV WS GUVIEVL €2 330 s v




S95YP6°CT  (28°L
456912°6T  (N2°S
VA o

S6vG0° SeGoG” S$L00° £1€90°~ oLGe’ 42000° = erauG” 26820°~ " ssoao pi =i
62612°~ 26693° S2185°~ L0£80°~ ween° $€925° 26c9t" 802"~ SEISC"~ Sov° oL oRe’e

VLI~ 1$6S1° $9885° - 4800G° 800G~ tiees’ 1€683° €686G°~ £99506°~ ase” oee
6652¢€° - V= 6S:95°~ vevns® sZ2t0°~ 25€€5° oot [1-<r 65090° - 9%69° 3~ e
(2GRS~ (5151 0 21857~ »030° 4820~ aeten® g£se9t’ e9reu’ eusn’- "7s e~ oe’e
steag’- 66e9t° 6I8G"~ L18%0° st~ 680£g" €C9t” sovy” P6966°~ oy s- [ a2
uz’ - [ (173 % €IvSs~ s4920° €6$90°~ L2620° visLy® 9saG2° €I~ 908 L~ oete
29622"~ 862t sy~ 6rseG° 96490°~ aveen” 286LY° a50a2° 69080° - $98°6- c2x°e

an © o o NAD WD \24 D 0 il ©one

SYer2° - oseLt’ G885~ 99920~ oreas” - swiza” oseLt” 22t~ RISGT~ [ 45 od oRe’e

] YA (12 Fe <tk veiest- 26086° ae825° oLt 64998~ 2riS0°~ 49€°9 ae"e ;

LP6G8° - 2099%° »SE85° - PLETG - PLEEG® vE5L0° 4€99%° GOty -~ r6eS0°~ «S°y GXe !

GGEVE’ . £€298° 7965° - 2"~ 99910° srien” €c29t° €296~ evasg - met2 G2Ee ,M
1
i

G6°S /0G°S~ = WANAINE LQIand  92°v = et a 70 “ON

wzsoet  wmot  wstost  98EsgT-  9E0IG°  LS000°-  wDmOT  SeSp’-  viam'  LAIoMR

e2912°~ (> o TIESG" - sLsv’- 117515 PSCEG oseset” SGLeS - THESG° - L6v°GY mZ°s
osveet~ svaot° CEvSG° - £19€G°~ $4260° 2raen” $9993° S22~ 15 Ol $Sr'e a|2's
areL2 -~ 6529 6955°~ $0e29° - Tte90° 208¢0° 6020%° seen2’ - »E9%56°~ cEv9 'S
GRe2e - 899L1” L5195~ GOBtY°~ oLev° 1$9€a° LT3 o [r 4 38 45796~ 902"y os2’s
wese- 2t 2re945° - 8lGIG"~ 28ves® 096E0"° 2yt £0260° - 2ve90° - w2 [+ -+
668"~ €269t $GL9g°~ 21200~ oL2es® o6vg° £2691° 466%G°~ $6L9G°~ L 1 [ 1
19¢8e - 9snLs’ 19$90°~ |’ 60S%0°~ I7A: 99GLL° ore2n’ 990° - °26° 1~ me's W, m

seEoE -  OSPLT®  SvSSe-  GOTIGY  @TeE°-  20%0°  0SWEt 120807 €vS0’-  levie-  OA3TS
sTwee -  iS6L1*  AS9g'- 400207  vYeG0°-  OT6E0°  LS6LTT  OeSYET  ue’- Save-  GRFE |
mie3-  6i29%  66650°-  90620°  VOGL0*-  WESED® 64281 19603°  GeeSDT- v ORRS |
ovicas-  1Geet  669s0°-  LGOVG'  T9SOLT-  SISSG° TEM9I  62e2T  esesg- WS- OA3e L
an ® ) w w wo v o o vix om ]

!

GO°S /00°S- = WAMIINI INGIGVHD 192 = VW G /0 ON W

Gote° = WS
caG' ot = ¥300N8  O6O° = WSS °Nl GGOG'OGY = o °NI GDOR°9S8 = 4G
[+'r g z V08 O00° = NOAT *Nl GOGG* = A Nl 0000063 = 3NN
co6° = NOWUY  060° = "W *Nl QGOP'SLGT = <6t  °L14°06 000002 = A28

VAVG I IVHV VAVG 0NN
¢ €2 AN S3? (LOOLDO 440 I LY 1L 6O OIVE GB1-5°C SaN¥
[ 21V OIVE *€IT~6°C ¥ VYOS TRV AVL €L 330 SO Ve




ocnuo”® 1132 49060° LAINS

s2305° |enus’ T YA 205"~ a2955°
a2us” "°ea' - E8SU°~ avcge a6

95992~ a2ut” €385 - SYVEG - 9K2reg°
2169¢° LIS~ $3680°~ ter's [ o8

65208~ 21%9¢° & - 18920~ 2809G°
19661° GEMOT'~  2T680°-  ¥SE°9 a6

9600G" -

82320
02620
covee'~  186st° 21855°~ 991G~  L669G° 74620

foeast~  9596T’ avesst-  tealgt-  26920° 9060 ssrst’ 26208°~  9¥6S0°- 62XV axe

azrpy'-  S9SPE* 53193~  6Gnten’e w9’ 26160 swL” $639G°~  SGT9G°- S22 oze'd

. ccner -  erert* 26895~ @EG5°- LtLG0° ”52¢G° enrt” 26€10°~-  26$95°-  I&V° azze

" ovier'~  9evt’ erss-  O9G5° $9500°- WSSO gy oT0sn” £¥E00°-  209°3- Gzere

96250 s6oSt* 92peq° $L9G°~-  OUS°€~ a26°e

W o.2¢0 rerct” os9es” wg'- 29 e~ o2ee

21260 oc9t’ 961" £1295°-  Sev e~ oRse

£9620 G2yt sz’ S2UST° -  WS'6~ oz e

WD 1 7] ) 0o viaa o

eGP~ [ $L095°~ €1906° stz20°~
oL~ torst” L4~ €8815° SPIvD°-
£S9EC°~ ¢WT* €135~ veven® SL195°~
'~ o2t SAUSL" - 41889° Y0O69G°~
an o R w N

OGS /G0°S- = WANMNG NAIgWD  ¥2°¢ =WVl 0 /0 ‘ON N

sz0o°  eeaco® eSS G200~ SSL00°  vIGOGS- eeaGT 933p’- o LAldve

ceavz'- 02681 LIS -  96voce  €eSTI°  OLXG  G2603°  9MeeT-  OImg’- €It m2's

wt93°-  GRIER®  @mSs'-  6TYEs'-  elne0°  T0SSg”  OFISLT (83— Swso'- MR oS
3¢50’

k62~ orsLt’ i~ g ,MWraL’ - (72 o arsss® secne” - oS96G° - *«Sr’e ome’s

969"~ £4099%8° MG~ 970"~ L2680° €52€0° U89t o5~ 9CC° - e’y [ ]
49268°~ 96291° 5895°~ 9660G° ~ e’ aeLen’ 9c291° 16806~ »g$90°~ 6ez'2 [« -]
9CITY°~ 20468° 29695°~ L'~ a2s16° 669€0° E5tss’ L69EG°~ 2v89G°~ 29%° (v 2]
6L63Y°~ uest” £9995°~ IrICn°~ £0060° $t9s0° 098T° 1att0° €9995°~ 286° 1~ [ ]
LSSOY° - 2,19%° s2490°~ $2:606° L b 209€0° 4197 "6 LG $2490°~ 2te°e- [+ 1]
92028~ €L991° 93°~ UG’ 629v0°~ SCPEG £4997° G2sEt” €9G° - 6L s- mS’s

LINC - syaLY” 20995~ ro920° 3toL0°~ os480° sroLe’ s6R62° 20000°~ Y71 of o a9z s
2te02°~ : S2WL3° 429G~ 246086° 9§2866°~ * c2rLs” 2082 4290"~ o66°6~ oS

1

[ 13 CIVI *‘G95-5"C JW¥ DWE GV INevL €2 330 0 3iv3

|
an © ° w ) ) v o) © vim om s
0G°S /00°S- = WARINI DAIOR® $0'2 TV 0 /0 ‘ONNw 1
[1}iv) = XWI8

GGG 0% = X300  5G0° = WS NI 00OC°OGY = «dNR2 ‘Nl QDUO°96GS = AR

00" = 08 063° = NOA3T NI 000G* @ Nl GOOD'062T © LR

(77 = Ny GGo* 2 'V ‘Nl GOOP'SLGE = 4Ot *14°96 QOGSO = 4
v VAVO JIBL VAV vAVO WY
ﬁ ( &8 32) (90DL@w MO VW 2LV OFL 60 OIVI 691-5°C SIY
h _ . - w ' -

*




GGL205°YY  G2€°L
265208°2¢  092°S
VNA O

SIvG5° 8e656° ues° $22006° - 68S00° 22006°- [ oy 65€20°~ 606" 2310
c4e82°~ 18R o CeSSG - 2Lye0°~ 22sea° 9992G° - 1578 3 wuet- GESSG° - 426763 G2E°e
seyeS’ - S 1% 2658G° = 49925°~ 21$93° wa2n® SYra’ a2t~ 2¢686°~ 6ev°e G2e'e

G2628°~ 2268%° 299¢G°~ €£161G6°~ aoLYs® 11620° 22681 42991°~ 29950°~ acr° a2e°e
9:925¢°~ 928t 699¢G°~ €CTIn’ - o625 £r626°" se2st” 46388 °~ 699s0°~ we'r [r— a2 3
4$55Y°~ 9rgre” €085~ 169u5°~ $6113° 8E1E0"° overy’ 24485°~ re8s° - oL2'2 [~ 323
R Irt] S At L09vy° eut9n - 182"~ esvas” £9165° L09v8° 6CE1G°~ 8619G°~ 6s3° [~ )

26457~ (-734 % SSO9G°~ 29109° 39P0G°~ £818G° 62y’ et92u” $SO90° - £98° 1~ [~ a2
6667%° 2vesg’ - e200° o61G°~ eLItg” 666v3° $0540° VG~ UV e~ ke
et~ 2GPST° 22686°~ 2r16° 299¢5°~ PGIEG* LGYSe° [ ¥ 1o 22660°~ 66E°S~ XL
6gsee’~ 9561 0268G°~ 8Lz2n’ 1848G°~ 8soea” 968Y° s6L0t° 02686° - ¢WY L~ ake
cLsL2t - 8$€91° 16886~ 11121 eL9° - »6620° =] 3¢ teus2® 46550°~ 035°6~ aRe
NAD wo v O o T YA HOwe

T O o w
Go°S 700°S- = WANAINL N3Iavd Wy sV G /0 ‘o N

bg gt [ c055° 2v2° - smn’ 2w~ escnn”® 49823~ b~ 1% 1 INI1OvES
* sy’ onL2e - HSST°~ (= i me's

9U6E2°~ vesLty® LSS~ £SEvD°~ erive SYOeS

S1683°- 626e8° 8288G° - 6Gve0° - €46800° e62¢a* [~ 3% LU~ 82980°~ s2X°9 ame’s

24908°~ 9v993° €9ULST°~ 48v25°~ 43€9G° £€92¢0° 9y39%° 900C2° - €MEG"~ Gve s

90468°~ LX) o 2009G°~ MWV’ ~ 626€0° 9%sen’ uoet* oSt~ 2009G6°~ ric'y [+ - 284

6960v° = a6ss3* 20896°~ 06805°~ osLt0° 250¢0° 66sStT° aeves’~ 2089G° - gIcc2 mes
$SI6T° s€c20°~ €4990°~ 140 ae2’s

€2y~ [1(1 3 $2990°~ 89206° - 41903° ae6eg’
oIy~ 28€st° 4099G°~ ouuG - $8%G0"~ <eLco’ 256ST° 90815° 4093G°~ $29° T~ am2S's
G 26963° €2090°~ ¥$900° e9020° - $29%G° 269sT° e’ €2090°~ [ w28
€GEvg° - 498G’ 6568t° LEIET” aosoG”*~ 209°S~ RS

weLs'- 6S681° oson° -~ 8esto’

Goese - w993 9r9es -  26%20° S6¥80°~  SUIRU” L4~ 10 961° 9EIC° -  Wvi- .2"e

"ee2t- LS yeG - LW’ mtea°-  2ING° wor’ SL32” 2ymeg° - €65°6~ m2S’s
a ® ] o N w0 v O o vala Hw

oo°s /00°S~ = WANINI LGIGD  ¥S°E = VW 0 /0 ‘O N

oGl0° = Ao
GGo° = 00 GOO° = WEKLS ‘NI OGOO°OGY = <M Nl G996 = 4R
ane”’ = V08 000° = NOAZ T *N} GOOG* = A ‘nl GOGG°082T = LN
Go0* = nOWVY  G00° = YHdW ‘NI COOP'SL0T = <X *L4°06 OOCDTOs2 = F- -2

VAV3 JTuiIVEVe VivYQ AOMTALT

( €4 AN 03 (6O0LBO O WO 24Y GIL €O OTVI 691-5°C SV

OIVE *691-5°8 J¥Y VWS GAAVEVA €2 323G S0 U0

T Ve

w =

«



€a2L62°~ €6ereg” e0res°~ (21,4 % 026
2869~ t12860° 184486°~ [0 2 aoE°s
VI GIWD GINO oV O

26660° ovont - 449%9° j et g 16060° - $L600°~ 26£00°~ v2t05° »e610° ATV
Te98L° 2a9¢t° [ 113 200"~ S$8e05° oSyt~ L2t $ES10°~ et 16°G3 GEEe
9VGIE”  1=~-1 34 9£895° €ti00°~ SLW6G° eetan’ ~ te22y 49%15°- iveeg® 616’8 a2€e

utee” *9¢ET° [ro~tod 210907~ re2un’ ovons* soe2t°’ 69915°~ 89690° °Ngr°e [ _r's
22325° [ 114 se2us* 48%06°~ seeun* (V14 ¢ 60eEs” »igtn - 462157 €€’y GE"L
25661°~ 5= -4 o L9926°~ €16G° - t9t05° 2e€20° oLLEy’ 6vs10°- 66G2G"~ €82°2 o2k‘e
L9839°~ Goses’ 6965G°~ PEEO - -+ i g 9sve” €3¢20° - 9E66G°~ 663° c2e e
OEE0E°~ 498S1° $L666° - L9t05°~ 9I516° €Sy’ 91881° &6t~ 966"~ Wy 1~ GRe"L
WL = 40%Y° £yaZ8°~ 9€00°~ euG® ¥965G° <2091° avent~ IET° - (43 482 G2E"e

92¢v3°- Sroet” oIt~ SSruG° - £S05° t22L6° = 78 3 vLL2G" - 8LLLY ~ [ A g G"e
35226°~ eL602° 2re68°~ IYELL” - 28800° oGt rieot’ 98920~ 2802~ 6L L~ G e
6£296°~ SrE2" sz~ (1 4gr 1 8310° [ris< <966T° £6e26°- 66192~ *38° 6~ oK e

an o O L NAD WO o I~ 0 VHa W tovn

GG'S /05°S- = WAMAINL LQIaWD  §5°S = VN G 4] o N
asvet’ L2rGt- orues” [ rog F) ek g soeoy’ - teean”~ 3S006° £0€26° INITOS

1886’ [ {rr 3 [red s2t0a° - vZ255° vorGT- oIt o9e1G - a9t €S ot o0e" s
aread” (234 syut° een” - b3 - v 96529°~ sauzy” LG~ (71 =24 Lrs°e [+ > -84

GesEY* s12ey” [l 7 1r 21805°~ [ Xr g erin - cxeT” N2~ 91980° £18°® [r2 A
261312° »26€%° 1$625° 2rean’ - [ 20005° - [r~ -/~ 34 £Ee26° - 666€5° 14739 4 frr A8
9EMG "~ (333484 26605°~ 1G€60° - Goon” osvIG’ L1143 922G" ~ [ v ss2°2 [ 3/ 23
16¥9€°~ eers’ SIrSG - SGECL - a%e6a° [:7A <~ evert’ ) $ 27 A S9ES5"~ {78 o oS
$$656° - oSt 13, 28200~ [ JTv: 9:ISYG° 23%81° »6E25"~ ¥S265° - G 1~ [2 7 44 -
1< 23 JASH Ly’ [ >4 30 28€6G" - rIG30° 62230° v’ 2re2G°~ 208€T°~ 6y €~ [+ rd 5
96L99°~ "o068° 62691°~ 92805° - 173 4 (0 I¢G68G° e6eLY” fr =5~ P 48901°~ [~ o oGes
L9266°~ mwite’ $9602° - LE8UG° - SGI0° 90960° £9201° L1080°~ eee2 - £6€° i~ [V a1
699$G°3~  GSES2° 4L2992° - €S2ua° ~ 9€200° $6001° ov6eL° 3:WS20°~ SS192°~ 6E6° 6~ aL’s
[+ 7 O O > 7>} wo w o o W e
GO°S /C0°S~ = WANMUNI LAIGVY? 6 =WV 0 /0 ‘O N
Gola° =z I
G36° = X33 GG6° = WS °Nl GOUG GOy = 4T ‘Nl GOO®°SEE = A0
oGo* = V08 000° = NOAI G *n1 GOOG° = A Nl OOGGOGS2E = AN
v g = NON¥IIY  COG° = viag *NI QOEP°SL0T = @S0t “14°38 000G OORZ = 4R
YAVA DALIVHVY YAYG NG
¢ €4 AON 92 (OIOLDO ND VW 2LV OT4 6O GIVI €9t-§°C BV




EISE "~ orscen’ [ 8 Ll SOua9Y° m|e's
Vo oI GIWND GAVWD HOow

1 L1805 - yeetu’ [x) {rrr}d LG~ L2806 - eV - 2e006° 68226° FUlcbie -
Gees2t 33 -1 (3700 - M WO - »S200°- 5692 - F---39 TYECG - 4289L° [ 33
v163¢° ¢ a9192° 6sese”’ 44 S e’ 2692%°~ 2362t° 2ss60°~ »2i80° [ 347~
sy2°t 1 7R v ouss2’ fen <y g |LGH - Get8G°~ $982t° L0800~ $9962° €£G°ST
| 7L 0 26s91° 131344 SLCLG" - S - 9665~ [F2: 3 o GO00" = -1 L6
G19s9° 2309%° gesat’ ution’ - 96055° eyren’~ cEvrL” LIGT~ 832t €n'e
22y Pu6ST FRI1- vy 21100~ 20065° 89600°~ 860ST” £696G5° - 24€90° 21i°s
[r:5: 73 94 €6st° 46820° 2166~ 33irvy [r = 48951° PG~ 956£5° k7R ¢ 4
GEvs° - S8OT° 26906~ LYIGG°~ 212050 41816° [rxis- 298 16035~ - Sreads »it°2
cte82’ - 11, 1% 255t~ cLI66°~ Gevas® 6GYEs® (55 ) o 2296~ 2wt~ 995°-
¢EIES - 8999t° ¥ - (3 (g asves” 899SG° 28t y2810° - LGt - SIY° 2~
25L¥9° - 2966%° 962t~ 46106° ~ 2090’ 80LG° $9U6>° P15 (s LG2v3°~ 68LTE-
GOLSL - (125" 9.691° - 26200°~ (=S vy 12806° stec2’ 06235 - TI6T -~ LGS~
49098°~ sevv2’ stz - 1200°~ 09sae° 3311 o terse” ELtn - :00E2~ 2L~

an PO o ww NAD wo \2J A o VeV
WS’ = O

00°'S /G0°S- = WAMIINI DGOV  8°2 = Ny

GLIs® = JWS
[rr 1 = 1B Gou° = WEALS Nl (LOGGGY 2= a2 *MI UCE9°9C6 = AR
[ = a¥08 GOO° = NOAITE ‘Nl Qoo0° = A ‘NI OGOD°062T = A3
[ o = NONVY  GOG° E % ‘Nl OCOP OLGE = 4Ot CLA"E86 GUIDGEeZ = AWE

YAVG JINLIVEVY VAYO IO

¢ € A0N83) (I8 4490 VW 2LV GIL GO OIVE 693-6°C SV

iR T o R O PR

L.m,._n... TELIET R O T e~ Suaes VR EERe v o et ey ) i P

|

|

| |

€3 IWe OI¥l *691-6°C JAV DYNE GILY VL €4 230 SC MVO




0y

YAVG DINLINVEVYY
¢ € LX §3) (200480

[ 4 e 2 ]

[

0006

E25rs Ol
91055~
Z20400° -
PG -
€O00G" -
210~
[
L RS
2vs0n° -
2006°~
20006° -
ANAXD

20600° -
49006° -
29005~
9005 -
9SL00° -
2raog°~
9"~
Lggt Tl
ennt-
£YoG° -
$YO0G° ~
$9000°~
AT

1006G° -
rioag®
S4K00°
T g
oG’
[ {rriig
Lo
LS
S2060G°
stann*
2006°
2wun’
WA

00°S /700°S~ = WAMANI LGITRO

TGO0G° -
SOGE0" -
10000 -
o006~
$0060° ~
¥1600° -
€G0G°
20066 -
Loy
SC00G° -
€o0eg* -
2t606°
X0

toonG° -
6auaG* -
60005° -
£2000° -
61006~
L060G° -
StoG” -
60606~
L e O
£6006° -
60006~
60006° -
»voa

GOoa"~
te0° -
€rtan’ -
2ot~
$6000° -
1609G° -
oLen’ -
2480500~
9POLH" ~
”woes' -
asaog”* -
=600~
7374 2 <]

20666°
s’
aeaGn”
19060°
S€60G°
[err oy
v2oos®
WHHG*
2t6g°
L7 r o
S2000°
£€006°
L IS -]

o’
£2200°
[ 1
2100°
66000°
&000°
o
> o
20006° -
Te000G°
L2006°
€6000”
W40

0

et = Owm

6056° ANIIONS
3006°~ oo’ as
stoon’ - o e
otocs’ o
PEOO0°~ aus* Y
-2 r g [ k4
066" aoo®
[ <~y O [r r o3 2
68006~ [rroig o
22006~ oG 9~
tooog’-  woe-
006"~ TOGGl-
¥ar0a A\t -
22'y = v
SOSUG - ANV
Ligen’ oootat
atoos” [r1 il g
$0O0G° - o
[rearry onaY
[elrri o2
£O000° oas’
=26 a2~
206607~ 1 g
¥3060° 00G*9~
I000° GG 8~
twooe’ - £00° gt~
HWAOT vilmg
ook’ s

G0°S /700°S~ = TWANIINI iAI0VND. #3°2 = VN

440 INW 21Y 6L ©

‘Nl GOGG'GOY = a2
NI oooo®
‘Nl 0Gev 0T =

B ddiA
a0 “14°08 OCOG° 062 = 4iwe

GIVY 691-6°C S

-
s

OIVI ‘691-6°C UV DS CILVWEVL

0w

[v'v} (e id z JWIS

NI GLES°9ES = A0
‘Nl GOOG°GEZT = LD

VAVG IO

€4 J3Q SO Yo
k4




ECME A A A P IW o NOOR A T T T

s~ S000G°

Ll 4G0600° -
j{rry g [y gy
20000° 600G -
Woont. SUENS-
coon’~  tSCR”
St~ e2uon’
o’ L0000 -
N &rev 205"~
9THW" G-
STOoG" Lon” -~
22000° 600G~
HIWE0 BINAXG
L Tr S e
sooost~ 2w’
soongt~ 2too0°
jirerig 36006°
oo~ AGO00°
oot~ 000°
woss'-  €80G0°
20050 [rerr gy
900G0° o1o00" -
$3600° 000"~
€20006° 4$000°~
62006° 200006°~
WA AWNAG

vAVG JTuLIVIVY
¢ € 22063 (900LEN

%t Ve

aonN

CL88 AUV AWNISEY NOHOW- VSV

sooog'-  GO0GO®  L0000°-  €0000°  valond
elooo®  2%00°  Sooos®  SSooot- GOG°OR
stoon®  L0000° 0 80000  SSO0O°- 0008
19000° T1000° tIo06°  S2000°-  00G'9
twecs® 6tone 9onoue  S2000°-  000'Y
Yo006° eocen® trooG'-  9co00°- 000°3
gwcg®  Stooo® SoG0o°- (2000°- G00°
eloco®  Steoo° S2o00°  Svooot-  008°2-
tce® 6o00”  9veLG® t€o00°-  GOB°v-
viao gloos® 200060 €S000°-  OOG°9-
vigog®  2toc Seooe  92000°-  ouote
20006°  SOoOG°  OvWo© 600G~ OOS°Gl-
WA /YA ¥ ¥n0s vie

00°S /00°S~- = WAMAINI 1NG10Wd

tooo'-  SONGGT D00~ POOOST NSIOwe
stcon®  S2I00°  49000°-  L2OC°~  0GO°GY
poooo'-  2oloo°  SSooot- 9%00°  000°8
2tcog®  9eoon” Wooo'- L0000 G079
etono® 6000 Gvaoo’- Stooo’- GOo'Y
toog'- | Yecon  tecGut-  Soomgt 602
2zo00°~  €S000° 20%00°-,  l0®  GOD°
6oO0coT  SYOOO© 42000°-  OSOGGT- G002~
woost  9%0OGT  OfOOoT 6SGEoT- GOOY-
vigoo® ~ 2:000° | SSOOG°  6000°-  OOG°9-
vigog® ~ €900G°  69000°  S00WG°-  GOO'e-
etooa® 290000 ¢St0p°  82w0°-  0OG°GT-
MDA WUV ¥/AG W0 vim

oog'S = WO

00°S /700°S- = WANINE INGIOVD e = v

[rs1%: s FWE
‘Nl QOGG'O0Y = 8@ ‘Nl OOSO°SEE = AN
o = S ‘ul QUOG°08TT = LN
°NI OOOV'SLGT 3 MG °L3°08 QOOG O = O

VAYG RAON

NO IV 3LV OTL 60 OTVI GOT-6°C SV

OI¥]l *691-6°S Juv INN0S GV AVL €4 330 €0 Y0




