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THEORETICAL EVALUATION OF HIGH SPEED
AERODYNAMICS FOR ARROW WING CONFIGURATIONS

Samuel M. Dollyhigh
Langley Research Center

SUMMARY

A Timited study 1n the use of theoretical methods to calculate the high speed
aerodynamics of arrow wing supersonic cruise configurations has been conducted.
The study consisted of correlations with existing wind tunnel data at Mach
humbers from 0.8 to 2 7, using theoretical methods to extrapolate the wind tunnel
data to full-scale flight conditions, and presentation of a typical supersonic
data package for an advanced supersonic transport application prepared using the
theoretical methods. A brief description of the methods and their application

15 given.

Basically, three theoretical methods were used to calculate high speed
aerodynamics: (1) a group of 1in-house Langley analysis programs, (2) a compu-
tational system for aerodynamic design and analysis of supersonic aircraft
(Boeing program), and (3) a generalized vortex lattice program {VORLAX). The
first two methods are purely supersonic methods while the last applies to both
subsonic and supersonic speeds. 1In general, all three methods had excellent
correlation with wind tunnel data at supersonic speeds for drag and-11ft char-
acteristics and fair to poor agreement with pitching moment characteristics.
The VORLAX program had excellent correlation with wind tunnel data at subsonic
speeds for 11ft and pitching moment characteristics and fair agreement in drag
characteristics.

INTRODYCTION

Rapid advances in computers and numerical techniques have led to increasing
reliance on theoretical methods to generate aerodynamic performance numbers for
candidate airplane configurations. The generation of aerodynamic performance
numbers for a complete aircraft configuration i1s the ultimate test of theoreti-
cal methods for calculating aerodynamic characteristics. Aerodynamic perform-
ance numbers require that the complete configuration be accurately represented
and that any significant aerodynamic interference between aircraft components
also be accounted for In addition, aerodynamic performance numbers are of an
absolute nature. That 1s, an undesirable method to arrive at aerodynamic
performance numbers 1s to be forced to continuously increment from a data base
which Tess adequately represents the airplane as the design 1s refined.



Experimental data bases tend to be sparse for complicated and/or refined
configurations. This discussion 1s not intended to 1mply that wind tunnel or
flight data 15 not desirable or necessary. However, wind tunnel data directly
applicable to the configuration under study is usually not available until late
1n the design process and even then the available data may be 1nadequate. Hence,
the reliance on theoretical methods. An alternate method is to be able to rely
on theoretical calculations to accurately predict aerodynamic performance of a
configuration independently of a requirement for an experimental data base.

The object of the report is to present a description of some of the methods used
by NASA Langley Research Center to calculate high speed aerodynamic performance;
to present an experiment theory correlation for a supersonic cruise vehicle; to
present an extrapolation of tunnel data to full scale using the same theoretical
methods; and to present a typical aerodynamic data package for advance supersonic
technology application prepared by using the theoretical methods discussed. The
high speed experiment-theory correlation covers the Mach number range from 0.8
to 2.7. It was desirable to do a correlation at lower Mach numbers, (M = .4 to
.6), but no experimental data was available on the configuration. A typical

data base probiem also exists 1n supersonic region where there 1s a data gap
between Mach 1.2 and 2.3. The configuration on which the experiment-theory
correlation and extrapolation to full scale 1s performed 1s the SCAT 15F-9898
which was designed and tested 1n the late 1960's. The configuration had a design
Mach number of 2.70 and incorporated a 74 degree swept warped wing with a reflexed
trailing edge and four engine nacelles mounted below the reflexed portion of the
wing. The wind tunnel test data on this configuration 1s presented as an
Appendix. The typical aerodynamic data package 1s for a current in-house
reference supersonic aircraft designated AST-105. The AST-105 1s the latest
1n-house study configuration used to measure and understand the benefits of
advanced technology from the Supersonic Cruise Aircraft Research (SCAR) program
on this type aircraft.

SYMBOLS
¢ wing mean aerodynamic chord
Ca nacelle-on-wing 1nterference-axial force coefficient, Ax1a;SForce
C drag coefficient, Drag
D gs
CD 3 drag-due-to-11ft coefficient
C subsonic profile drag coefficient
Dform
CDfr1ct10n skin friction drag coefficient
Cp minimum drag coeffient
min



C roughness drag coefficient

Dr‘oughness ‘
CD zero-11ft wave drag coefficient
wave
CL 11ft coefficient, ETft
gs
LD 1}ft coefficient for minimum drag
Cm pitching-moment coefficient, P1tch1n%_Moment
qSc
Cm pitching moment coefficient at CL =0
0
CN nacelle-on-wing interference-normal force coefficient,
Normal Force
iqS
3C,, o
o Tongitudinal stability parameter at CL =0
L ;
ita11 horizontal tail incidente angle with respect to the wing
reference plane o,
K], I(2 drag-due-to-11ft parametegs
Ch =Ky +K, (C -C )
D, 1 2 ‘UL LMD
/D Ti1ft-drag ratio
(L/D) maximum 11ft-to-drag ratio
max
M Mach number
q free-stream dynamic pressure
S wing reference area
X longitudinal station
o angle of attack, deg
6L deflection of flap on wing tip with deflection measured
6 normal to leading edge (positive for leading edge down),

deg
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A leading~edge sweep angle, deg

Model Component Designation

B fuselage

E engine nacelles

H horizontal tail

v vertical tails-centerline and wing mounted
. _ 20

N650 tip wing with A = 65" tip
. . 0

wGDO t1p wing with modified A =60 tip

DESCRIPTION OF THEORETICAL METHODS USED

The theoretical methods used to evaluate aerodynamic forces and moments on
complete airplane configurations consist of a set of compatible computer codes
that ut1l1ze Tinear theory The drag analysis has been performed as illus-
trated 1n figure 1. At subsonic speeds, an induced drag coefficient which
includes interference effects between wing/nacelles 1s added to the skin fric-
tion coefficient and an empirical profile or form drag coefficient which 1s
expressed as a percentage of the skin friction coefficient. At supersonic
speeds, drag-due-to-T11ft which includes different degrees (according to the
method used) of interference effects between components 15 added to the skin
friction and wave drag coefficients. Differences 1n how 1nterference effects
are handled will be discussed as each method 1s discussed. This composite
system of supersonic drag analysis which mixes far-field and near-field methods
1s discussed 1n reference 1. The 1ift and pitching moment characteristics are
computed simultaneously with the induced drag or drag due-to-11ft calculations
and also include different degrees (according to method used) of 1nterference
effects between fcomponents. All of the computer codes employed require a
numerical description of the configuration that can be defined from a standard
geometry deck. A description of the geometry modeling technique is presented
in reference 2 The use of a standard geometry deck to calculate both subsonic
and supersonic aerodynamic characteristics 1s very desirable. The individual
methods employed 1n calculating the aerodynamic characteristics are discussed
n the following sections.

Skin Friction
Both wind tunnel and flight skin friction drag coefficient at subsonic and

supersonic speeds has been computed using the T' method described 1n refer-
ence 3. The configuration drag coefficient for a given Mach number,
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stagnation temperature, and Reynolds number per unit length for wind tunnel test
conditions or for a given Mach number - altitude (standard or the +10°C hot day
1s also specified) flight condition is computed by representing the various con-
figuration components by appropriate wetted areas and reference lengths assuming
smooth flat plate, adiabatic wall, boundary layer conditions  Transition loca-
tion from Taminar to turbulent boundary 1s specified for wind turnel skin fric-
tion and 1t 1s assumed to occur at the Teading edge of each component for full
scale flight conditions Configuration components, such as the wing or tail
which may exhibit significant variations n reference Tength, are further sub-
divided into strips for a more accurate determination of the friction drag.

Subsonic Profile Drag

In addition to the subsonic friction drag, there 1s also a pressure or
separation - drag component originating along the afterbody of airfoils or
fusiform bodies. This component does not lend 1tself to theoretical analysis
and 1s evaluated by the empirical methods of reference 4. Each component 1s
assigned a form factor which increases the skin friction by a percentage
(usually between 3 to 5 percent)

Generalized Vortex Lattice Method

A generalized vortex Tlattice program 1dentified as VORLAX was used exclusively
to calculate the subsonic induced drag and as one of three methods to calculate
supersonic drag-due-to-11fft. The VORLAX method presented in reference b 15
applicable to complete aircraft configurations at both subsonic and supersonic
f11ght conditions. The computational capabilities of the program include deter-
mination of (1) surface pressure or net load coefficient distribution, (2) aero-
dynamic force and coefficients, (3) surface warp (camber and twist) design 1n
ordar to support a given pressure distribution, (4) Tongitudinal/lateral
stab11ity derivatives, (5) ground and wall interference effects, and (6) flow
field properties. Both symmetric/asymmetric configurations and/or flight con-
ditions can be considered. Assumptions basic to the method require attached
flow, small perturbations, all subsonic or supersonic (no mixed transonic)

flow, straight Mach lines, and rigid vortex wake. Techniques for simulating
nonzero thickness 11fting surfaces and fusiform bodies are also mplemented.

The basic element of the method is the swept horseshoe vortex whose trailing
legs have both bound and free segments. Associated with each horseshoe vortex
1s a control point at which the Tocal boundary condition 1s applied. The
horseshoe vortices provide a velocity field which 1s used to generate the
coefficients of a system of linear equations relating the unknown vortex
strengths to the appropriate boundary conditions. Solution of this system of
T1inear equations results 1n the calculation of the configuration aerodynamic
characteristics. If the design mode 1s desired 1nstead, a straight-forward
matrix multiplication 1s used to determine the surface slope distribution
required to support the given pressure distribution.



For the expertmental/theoretical correlation section of this report, the
configuration was represented to the VORLAX program as cambered planar surfaces
with engine nacelles (no thickness and fuselage volume). Induced drag or drag-
due-to-11ft, 11ft, and pitching moment coefficients which 1ncluded wing/nacelle
interference were calculated.

Zero-Lift Wave Drag

The far-field wave drag program uses the supersonic area rule concept to compute
the zero-11ft wave drag of an arbitrary configuration as described in reference
6 The program calculates equivalent bodies of revolution by passing a number
of cutting planes 1nclined at the Mach angle through the configuration for
several different aircraft roll angles. The wave drag of each equivalent body
1s determined from the von Karman slender body theory which relates the wave
drag to the freestream conditions and the equivalent body area distribution.

The discrete equivalent body wave drag values are integrated around the configu-
ration to obtain overall wave drag.

Nacelle Interference Effects

Interference loads imposed on the wing by the four nacelles located below the
wing at the trailing edge have been computed using a modified version of the
method described in reference 7. The program uses modified linearized theory to
compute the loads imposed on a warped wing suface by nacelles located either
above or below the wing. The method of reference 6 was modified to allow for
the lower supersonic Mach number cases in which the interference flow field
from the nacelles spi1ls over the wing leading edge or tip and simultaneously
effects the upper and Tower wing surfaces. These nacelle on wing interference
coefficients are used directly 1n the 11ft analysis discussed in the following
section to obtain the 11ft, drag-due-to-11ft, and pitching moment character-
1stics with the nacelle 1nterference effects included.

Lift Analysis

The wing 11fting characteristics, drag-due-to-11ft, and pitching moment

behavior were computed using the method described 1n reference 8. Based on
Tinearlized supersonic wing theory, the method breaks an arbitrary planform
arrangement into a mosaic of "Mach-box" rectilinear elements which are assumed
to 11e 1n the horizontal (z = 0) plane. These grid elements are then employed
to numerically evaluate the linear theory integral equation which relates the
11fting pressure at a given field point to the wing surface slopes 1n the region
“of influence of that field point. The overall force coefficients for the camber
surface at incidence are obtained by integrating the computed pressure distri-
bution over the wing surface. This solution 1s combined using a superposition
technique with a flat-wing solution per unit angle of attack to obtain the
variation of the force coefficient with angle of attack. The nacelle 1inter-
ference effects previously discussed are 1incorporated with the 1ift, drag-due-
to-11ft, and pitching moments charactersitics computed by this method.
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Supersonic Design and Analysis System {Boeing Program)

The Boeing Company has extended and combined all of the programs previously
discussed except the VORLAX program 1nto an integrated system of computer
programs {see references 9-11). The extensions to the analysis methods are:
Addition of a near field (thickness pressure) wave drag program, an improved
11Tt anaiysis program which provides for separate modeling of fuselage 1i1ft and
inciudes the 1nterference of wing 11Tt on nacelles, and the addition of pressure
Timiting terms 1n the 11fting pressure programs to constrain the Iinear theory
solution. A brief description of these extensions 1s given below.

Near-Field Wave Drag

The near-field wave drag program computes zero-11ft thickness pressure
distributions for an arbitrary wing-body-nacelle-empennage configuration. The
distributions are integrated over the cross-sectional areas of the configuration
to obtain the resultant drag force. The "Whitham" near-field method is used to
define pressure distributions propagating from the fuselage or nacelles and
superposition 1s used to calculate the interference drag terms associated with
the pressure field from a component acting on the surfaces of the other
components  The following interference terms are included: wing on fuselage,
fuselage on wing, nacelle on wings, wing on nacelle, fuselage on nacelle,
nacelle on fuselage, and nacelle on nacelle. The near-field method is particu-
Tarly useful 1n studying pressure distributions.

L1ft Analysis

The 11ft analysis program uses the same basic technology used in the previously
discussed individual programs, but includes the following additional features:
The effect fuselage upwash f1eld on the wing/canard, the effect of wing down-
wash on the fuselage 1i1ft distribution, and the effects of the wing pressure
field acting on the nacelles The fuselage 1s assumed to be a body of revolu-
t1on and the local surface angles of attack of the wing/canard are increased
by the fuselage upwash values. If the area growth of fuselage 1s asymmetric
(e.g. a high or Tow wing configuration), an approximate method 1s used to
compute the asymmetric fuselage pressure field using the Whitham fechnique.

In addition, an optional pressure Timiting feature 1s provided. The permis-
sible level of upper surface pressure coefficient that is calculated by iinear
theory may be set to a specified fraction of vacuum Cp.

For the experimental/theoretical correlation section of this report, the Boeing
program was one of three methods used to calculate supersonic drag-due-to-11ft,
11ft, and pitching moment characteristics of the configuration. Skin-friction
and far-field wave drag coefficients were added to the drag-due-to-11ft to
determine the drag polars using this method.



COMPARISON OF THEORETICAL AND EXPERIMENTAL RESULTS

An experiment-theory correlation was performed on the SCAT 15F-9898 configuration
in the Mach number range from 0.8 to 2.7. Drawings of the compiete model con-
figuration are shown in figure 2. The configuration had a design Mach number of
2.70 and 1ncorporated a 74 degree swept warped wing with a reflexed trailing
edge and four engine nacelles mounted below the reflexed portion of the wing.
Because of the desire to do a correlation for a model component buiidup, the
theoretical/experimental correlation was carried out on two slightly different
configurations. The configuration for the Mach 2.3 to 2 7 test had a 65° leading
edge sweep on the wing tip and component build-up data was available for this
configuration. The configuration for Mach .8 to 1.2 had an extended wing tip
which had a leading edge sweep angle of 60° and include leading edge flaps

(see f1g. 2(b)). No model component build-up was available at the lTower Mach
numbers. Details of the wind tunnel test, corrections, and tabulated results
are given 1n the Appendix.

Figure 3 presents the experiment theory correlation at Mach number 0.8 and 0.9.
Theory 1n this case 1s the VORLAX program results for the configuration repre-
sented as a cambered planar surface plus skin fricttion and form drag coefficients.
The VORLAX program results include wing/nacelle interference. There 1s excellent
agreement between theory and experiment for 1ift and pitching moment character-
jstics, but only fair agreement 1n drag coefficient characteristics. Hopefully,
representing the fuselage volume and planar surface thicknesses to the VORLAX
program w1ll 1mprove the correlation in drag.

The correlation for theory and experiment at Mach 1.20 is presented in figure 4
for the configuration with the wing t1p Teading-edge flap (see figure 2(b))
deflected 0, 10, and 20 degrees The theories shown are the results of the
individual supersonic programs collectively referred to as the Langley programs
and of the Boeing program. The VORLAX program did not converge on a result at
Mach 1.20. The Langley programs did an excellent job of predicting the aero-
dynamic characteristics for the undeflected flap case, while the Boeing program
d1id only slightly worse. Experimental aerodynamic effects due to deflection of
the leading-edge flap are small and except for drag, are predicted to be so.
The Boeing program does a good job predicting the drag effects and the Langley
program over-predicts the effect on drag coefficient of deflecting the flap,
especially for the 20° flap deflection. However, I1near theory programs are
not expected to do very well at this high of a deflection angle.

Figures 5 through 7 show the correlation between theory and experiment obtained
at Mach number 2.30 and 2.70 for the three theoretical methods used. The VORLAX
results are shown as four discrete calculated points instead of a curve because
a suffictent number of calculations were not performed to define the drag
characteristics completely. The theoretical results are carried to as high a
11ft coefficient as the experimental results are generally available; however,
the area of primary interest is usually Tift coefficients from 0.0 to approxi-

mately 0.15.
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The data 1n figures 5 through 7 are for a component build-up of the SCAT

15F-9898 configuration. Fiqure 5 presents data for the wing-fuselage, the four
engine nacelles are added 1n figure 6, and data for the complete configuration

15 presented 1n figure 7. The correlation of theory and experiment is excellent
for drag and 11ft coefficient characteristics for all three theoretical methods
and for any combination of components. The Boeing program defines the drag polars
better at the higher 11ft coefficients, however, there is 1ittle difference at the
hft coefficients of interest. Pitching moment characteristics for any component
combination are not well predicted by either of the three theoretical methods. In
general, the individual Langley programs tend to be reasonably close to predic-
ting the zero-11ft pi1tching moment coefficient, while the Boeing and VORLAX do

a considerably poorer Job.

CORRECTION TO FULL SCALE

The major corrections of wind-tunnel data to full scale airplane conditions are
the skin friction coefficient correction for Reynolds number differences and the
drag coefficient correction due to geometry differences between the model and
airplane. The drag coefficient correction due to differences between the model
and airplane 1s usually Timted to a correction for model distortion to accomo-
date the balance and sting 1f the model 1s properly constructed. Proper con-
struction entails not only representing the airplane geometry as accurately as
possible, but also scaling the inlet diverter height so that airplane spillage
1s duplicated In addition to the major corrections, the surface roughness due
to manufacturing techniques has been found to be approximately 3 and 6 percent
of the skin friction coefficient at subsonic and supersonic speeds respectively.
The wind-tunnel date may or may not be correctad for grit drag. If the data 1s
not corrected for grit drag, a grit off run to get a grit on/off drag coefficient
increment and sublimation photographs to correct to turbulent conditions. The
additional Taminar flow region associated with grit off are required. This
information was available to correct the SCAT 15F-9898 data, however, 1f this
type data 1s not available, the method of reference 12 may be used to predict
the drag of roughness elements used 1n boundary layer trips. In addition to the
foregoing corrections, operatioral items, such as air conditioning, engine bieed
drag, etc , are sometimes included 1n the extrapolation to full scale. These
operational 1tems are not included 1n the aerodynamic extrapolation to full scale
performed herein.

The extrapolation of wind tunnel data to full scale aircraft conditions presented
n figure 8 1s for the SCAT 15F-9898 at the design Mach number of 2.7. Drag
coefficient increments applied to the tunnel data are presented 1n Table I. The
airplane skin friction coefficient was calculated for an altitude of 18 288M
(60,000 ft) assuming a standard atmosphere, surface emittance of 0.8, and a
surface sand grain roughness of 9 microns (3x10-15 ft)  The drag increment due
to surface roughness (rivet heads, gaps, etc.) and miscellaneous surface defects
was assumed to be 6-percent of the airplane skin friction drag. Model/airplane
geometry differences due to model distoration to insert a balance and sting
resulted 1n a wave drag increment to be applied to the data. Wetted area
d1fferences due to model distortion was accounted for 1n the respective skin



friction calculations. The grit drag increment was calculated by the method
previously discussed. As seen in figure 8, applying these drag increments to

the wind tunnel data result n an extrapolated airplane (L/D) ., of 9.6 as

compared to 7.2 for the wind tunnel test for the baseline drag polar. Depending
on the method used to trim the aircraft, 1.e. center of gravity control by pump-
ing fuel or hoizontal tail deflection, a trim drag increment may or may nof need
to be applied to the drag characteristics. Also, 1t was assumed that the wind
tunnel tests correctly modeled the airplane pitching moment and 11ft character-
1stics, so no corrections to these were necessary.

TYPICAL SST APPLICATION

Theoretical 1ift, drag, and pitching moment characteristics of the AST-105
configuration (figure 9) have been computed for Mach numbers from 1.1 to the

2.62 cruise condition. In addition, the horizontal tail 1ncidence angle required
for maximum configuration performance has been calculated and maintained at all
Mach numbers. The analysis has utilized the individual methods (Langley programs)
that have been previously discussed. The data package presented 1s typical of
that used for supersonic aercdynamics in preliminary sizing and performance
evaluation.

The design Mach 2 62 equivalent area distributions developed by the wave drag
program for both the fuselage and the complete configuration are shown in

Figure 10. The smoothness of this curve indicates that wave drag has been
minimized at the cruise Mach number. Any "bumps" 1n this curve 1ndicate a
potential to improve the drag characteristics by area-ruling the confiquration.
The configuration wave drag variation with Mach number 1s presented 1n figure 11,
The skin friction analysis along the desired Mach number-altitude flight profile
1s presented 1n figure 12 where both climb and cruise conditions are 11lustrated.
Table II presents component wetted areas and skin friction values for three
representative Mach number-zltitude combinations. The configuration roughness
drag increment has been assumed to be six-percent of the friction drag for the
Mach 2.62 cruise condition For the Tower Mach number, the ratios of roughness
drag to skin friction increases as Mach number 15 lowered toward one, These
rati1os are based on estimates by aircraft manufacturers for similar configura-
tions. The resulting variation of roughness drag coefficient with Mach number

1s shown 1n figure 12.

Interference loads 1mposed on the wing by the four nacelles located below the
wing at the trailing edge have been computed by the nacelle interference program
and are summarized 1n figure 13 as normal and axial force coefficients. The
interference effects are used directly 1n the drag-due-to-11ft analysis to obtain
the 11ft, drag-due-to-11ft, and pitching moment characteristics with the nacelle
nteference effects included. If it 15 assumed that trim requirements for the
configuration are met through suitable center-of-gravity control, then atrcraft
performance 1s optimized by flying the configuration with the horizontal tail
oriented to maximize 11ft-to~drag ratio and each Mach number. Figure 13 presents
the results of a study to determine the required tail incidence angle. As the
figure indicates, the configuration (L/D)max 15 not overly sensitive to tail

10



setting. Table III presents the horizontal tail incidence angle used to
maximize the overall aerodynamics characteristics presented 1n the following
figures. The configuration, drag-due-to-11ft parameters with tai1l settings as
indicated are presented 1n figure 14.

The overall aerodynamic characteristics for the AST-105 confiquration are
summarized 1n figures 15 through 19 Typical drag polars obtained by combining
the various zero-11ft drag 1tems with the drag-due-to-11ft characteristics (as
shown 1n figure 1(b)} are presented 1n figure 15. The associated 11ft curves
are shown 1n figure 16 while the (L/D)max variation with Mach Number derived

from these 11ft and drag characteristics 1s summarized in figure 17. A start
of cruise value of 9.0 1s 1ndicated by the analysis.

The pitching moment characteristics are presented 1n figures 18 and 19. The
pitching moment characteristics have been computed using the horizontal tail
incidence angles previously discussed and with center-of-gravity locations
typical of an actual mission profile for the AST-105, thus both ascent and
descent pitching moment characteristics are indicated.

CONCLUDING REMARKS

A Timited study 1n the use of theoretical methods to calculate the high speed
aerodynamics of arrow wing supersonic crulse configurations has been conducted.
The study consisted of correlations with existing wind tunnel data at Mach
numbers from 0.8 to 2.7, using theoretical methods to extrapolate the wind tunnel
data to full-scale flight conditions, and presentation of a typical supersonic
data package for an advanced supersonic transport application prepared using the
theoretical methods. A brief description of the methods and their application

1S given.

Bas1ically, three theoretical methods were used to calculate high speed
aerodynamics (1) a group of in-hcuse Langley analysis programs, (2) a compu-
tational system for aerodynamic design and analysis of supersonic aircraft
(Boeing program), and (3) a generalized vortex lattice program (VORLAX)}. The
first two methods are purely supersonic methods while the last appiies to both
subsonic and supersonic speeds. In general, all three methods had excellent
correlation with wind tunnel data at supersonic speeds for drag and Tift char-
acteristics and fair to poor agreement with pitching moment characteristics.
The VORLAX program had excellent correlation with wind tunnel data at subsonic
speeds for 11ft and pitching moment characteristics and fair agreement in drag
characteristics.

ORIGINAL 2 8
OF POOR Qtﬁff{w

11



APPENDIX
WIND TUNNEL DATA

Drawings of the model are shown 1n figure 2. Detailed geometric
characteristics of the baseline (65° tip) model are presented 1n Table A-I.
The model scale was 0.015, which represents a full-scale supersonic transport
aircraft configuration approximately 91.44m (300 ft) in Tength.

The model 1ncorporated a slender cambered body with a 74° swept wing planform
which was designed for a cruise 1ift coefficient of 0.08 at a Mach number of
2.7. The wing had a subsonic leading edge except in the region of the tip
where the leading edge angle was decreased to 65° on the basic configuration
and 60% on the subsonic-transonic modified configuration. The modified wing
tip was equipped with movable leading edge flaps (figure 2(b)).

A small horizontal tail (figure 2(c)) was mounted aft on the fuselage to provide
Tongitudinal pitch control. Two vertical tails (figure 2(d)) were mounted on
the outboard wing panels for directional stability and to improve the air flow
1n the region of the wing tip. A fuselage mounted vertical tai1l (figure 2(e})
together with a ventral fin (figure 2(f)) was also 1ncluded to provide direc-
tional control.

Four engine nacelles (figure 2(g))} were Tocated below the wing near the wing
tratling edge to simulate the engine 1nstallation. The wing trai1ling edge was
reflexed upward in the region of the engine nacelles 1n order to essentially
cancel the 1i1ft interference from the nacelles and to improve the drag inter-
ference effects of the wing nacelle combination at cruise conditions.

Tests and Corrections
The tests were conducted in the Langliey 8-Foot Transonic Pressure and Unitary

Plan Wind Tunnels. The tests were made through an angle-of-attack range from
about -8° to 12°. The nominal test conditions were as follows:

Stagnation Stagnation

M Temperature, K (f) Pressure, kPa (psfa) R/M (f) X 100
0.80 322 (120) 53.72 (1122} 6.56 (2.0)
0 90 322 (120) 51.04 (1066) 6.56 (2.0)
1.20 322 (120) 49.99 (1044) 6.56 (2.0)
2.30 339 (150) 73.35 (1532) 6.56 (2.0)
2.70 339 (150) 90.40 (1888) 6.56 (2.0)

PRECEDING PAGE BLANK NOT L



The stagnation dewpoint temperature was maintained sufficiently Tow to avoid
any significant condensation effects 1n the test section.

Aerodynamic forces and moments were measured by means of a six-component strain
gage balance housad within the model  The angles of attack were corrected for
the deflection of the balance and sting under aerodynamic Toad and for tunnel
flow angularity. The balance-chamber pressure and nacelle base pressure were
measured, and the drag force was adjusted to a base pressure equal to free-
stream static pressure. In addition, the drag results have been corrected for
internal skin-friction drag of the nacelles.

To 1nsure boundary-layer transition to turbulent flow at conditions between

Mach 0 80 and 1.20, transition strips 0.16m (1/16 in) of No. 60 carborundum

were placed 1n the body 3.05m (1.2 in) aft of the nose and strips of No. 80
carborundum grit were placed streamwise 1.52m (0.6 in) from the leading edge of
all external surfaces and on the 1nside of the engine nacelles. At conditions

of Mach 2.30 and 2 70, strips of No. 60 grit on all outer surfaces and No. 80

on the inner surfaces of the nacelles were Tocated 1.02m (0.4 1n) aft the Tead-
1ng edge, except for the fuselage where transition strips remained the same

as for the lower Mach numbers. These transition strips were shown to be adequate
n the conclusions of reference 13.

Presentation of the Results

Tabular Tistings of the data that 1s used 1n this report from the wind tunnel
tnvestigations are presented. The experimental data 1n the main body of this
report are plots of this data, except for drag characteristics at Mach 1.20.
The tabular data for Mach 1.20 had a constant nacelle base drag coefficient
correction of .0021 applied to drag results, the correction should have varied
linearly from 0016 at € = - 05 to .0022 at CL = 0.42. The Tinearly vary-

ing correction was applied to the plotted data, otherwise the tabular data was
used as presented below.

Tabular Data

Run No. Mach No. Configuration
_ A0
8 0.80 Wgg0 tip BEVH 6L6 =0
3 0.90
4 1.20
10 120 S = 10°
. & = 209
16 1.20 v Lg
93 2.3 N650 tip BEVH
95 2.7 BEVH
146 2.3 BE
148 2.7 BE
150 2.3 B
152 2.7 v B



TABLE A-I - GEOMETRIC CHARACTERISTICS OF MODEL

Wing W

Aspect r%ti?

Span,cm (1n

Area, me (ft°)

Root chord at fuselage centerline, cm (in)
Tip chord, cm (1n)

Mean geometric chord, cm (1n)
Thickness-chord ratio. near root
Thickness-chord ratio, tip

Fuselage, B

Length, cm {in)
Balance-chamber area, mé (Ft2)

Hor1zontal tail, H

Aspect ratie, exposed

Span, exposed cm (1n%

Area, exposed mZ2 {ftZ)

Root chord at fuselage juncture, cm (in)
Tip chord, cm (in}

Mean geometric chord, cm (in)

Airfoil section

Thickness-chord ratio

Centerline vertical tail

Area, m? (Ft2)
A1rfo1l section
Thickness-chord ratio

Qutboard vertical tails

Area (each), m2 (ft2)
A1rfoil section
Thickness-chord ratio

Centerline ventral fin

Area, m2 (ft?)
Atrfoil section

Nacelles, E

Length, cm (1n)
Base area (each) m2 (ft2)

1.63
57.973  (22.824)
0.207 (2.227)
81.473 (32.076)
3.429 (1.350)
48.654  (19.155)
0.030
0.027

137.160  (54.000)
.0015  {0.0158)

2.42
7.544 (2.970)
.0047  (0.0504)
10.201 (4.016)
2.258 (0.889)
7.061 (2.780)
Half circular arc

.030

.0055 (0.059)
Half circular arc
0.025

. 0055 (0.059)
Half circular arc
0.025

.0022 (0.024)
Wedge slab

17.089  (6.728)
.00031 {0.00336)



10.

11.

12.

13.
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NASA LANGLzY RFSEaRCH CFNTER 8-FT TPTY SCAY 15-F

I=ST 503 RUN & HACH 1,200 CONFIG. 1
POINT  MIWF [ RETA ALPHA [ ta 4} CROLL CYAN CS10E [4% tn L/
S0 1.200  417.5% .00 -5 62 ~.1194  .01139 L0352 .000% L0008 =.002% ~.1177 01992 ~5.51
9l E.200  417.549 »0L ~4 25 « 0531  .01361 ~0274% .0003 L0007 -.0023 <0517 01514 -5 0o
Q2 1 200 &1T.&8 + 01 -3 BED -« 0201 ~01483 «0221 =0003 - 0005 -.0020 -_0202 + 01355 -2-15
93 1 201 417 66 .01 -2 79 -,0006 .01532 .0L70 0002 0005  -,0020 0002 01273 .01
9% 1.201 417.71 .01 -2, 11 0261 L01663 0124  -.0000 0004 ~.0021 3267 oLr61 2.12
a5 L 2001 417.71 -0l -1 41 .053%  .01735 L0079 -.,0002 L0003  ~,0018 .0534 .01203 4.6
95  1.200  417.63 .01 —aT3 0789 01784 «00%0  =.0003 .0003  -.001% 0751 01373 5.76
of 1 200  417.63 +01 ~.02 L1077  .01324 —.D006  ~.0004 .0004 ~.00320 .1077 .01510 7.13
2% 1 200 417.43 .01 v69 L1369 .01351 =.0052 ~-.000% L0B0Ss —.0020 #1307 .01705 B.D2
93 1 ) 41T &9 o1 1.39 L1852  .01374 - 0101 ~.0003 0004 - DOI3 1657 TR 9 43
100 [.200 417,53 L0 z 11 -1994 01929 -.015% - 0005 0002 =.001% + 1935 02351 A.55
ol 1.200  417.64 .01 2,83 »2376  .02021 =.0219 -.0006 =-.0001 —.0003 ~2363 + 02909 R.12
to2 I.200 &LT.63 «01 .64 2755 « 0215~ - o272 —= 0007 —+0001 ~_00L0 -2735 -03507 T.50
103 1 200 &1T.53 +01 4.50 .3160 .02293 =-.0319 ~.0007 L0000  =.D309 .3132 +0656 7.03
10% 1 200 41T 63 «01 5 35 W3I564F L02452  ~.0355% -.0008 -.0000 ~.0009 «3525 -05555 656
105 1.200  417.86 o1 6 19 2394} L02612 -.0387  ~,0007 L0000  —.5010 +3500 +06535 5 95
s 1.200  GLT.60 +01 T 05 -4339  _027%6  —-.04lb  -.0010 L0000 ~.0012 6272 « 07792 54548
107 1.200 417 58 .01 7.9% L4768 L0300+ . 0642  -,0012 L0002  =,0017 LH55Y 09224 5.05
193 1 200 4LT.569 «01 8.19 L4373 L03078 ~.0457  =.00L2 L0002 -.0017 PES ETS . 09587 P
10%  1.201  417.71 .00 -> 66 -.1223  .0I123 L0368 «000% .000T ~.002F =.1205 +02019 -5.57
POEINT  ALPHA cLsg [ 1 cng cor RZEY TEHP
o) -5,62 0139  ,00111  .00210 .0010 2.00 121.4
9L -4 25 L0038 L00I14  LDO2L0 .0010 Z.90 120.7
%2 -3 50 . 0009 00116 00210 +0010 2 on 120 4
/3 w2.73 Q000 .0011%  ,D0210 L0010 2 00 120 4
S+ ~2,11 ono? 00118  .00210 .0010 2.00 120 4
55  =1.41 .C029  L0011A  .Q0Z10 +0010 2.00 120.2
LY - 713 .D0&3 L0011 00210 .0010 2.00 120,1
of ~.02 0114 00120 08210 ~0010 z.00 120.0
94 .63 0147 00123 00210 L0010 ? 00 119 9
9% 1 38 + 0275 Q0L26 +00210 o01o 2 0b 117.9
100 2.1l .039% 00130  .00210 .0010 z oo 120 1
101 2-AR +0559 00131 00210 +0010 2.00 120 1
102 3 68 0748 00132 00210 .0010 2.00 120.1
\ 103 4 30 0971 .00L33 00210 ooig 2 bo 120 1
104 5 35 1243 L00135 00210 .0010 z oo 120 1
v 105 &.13 +1513 00137 ,002L0 .oblo 2 o0 120 0
106 7.05 L1825 0ois0  .00210 .00L0 2.00 120.1 R
107 T49% #2171 .0014%  ,00210 « 0010 2 0D 12041
108 8,19 .22%  .00150 00210 »0010 2 00 120 1
109 —S.bb Lo B «~00112 =020 o0L0 2 00 120 L
HASA LANGLEY PLREARCH CERTER B=FY TPT SCAY 15-F
TEST 503 RUN 10 HACH 1.200 CONFIG. 2
POINT  HINF q RETA ALPHA cH A cH CROLL CYAs csIns cL o rL/0
2ET 1 202 417 b4 +00 ~5.33 —.1157  .0IZ14 0367 .0005 0007  ~.0021 ~-.1150 +02023 ~5.6R
218 1 200  417.45 .01 ~4.11  ~.0%%1  ,01435 ~0274% »0003 0006 =~.0020 -.0569 . 01538 ~3.70
219 1.201  417.50 »01 <3.39 ~,0272  .01543 +022% 0002 005 -.0020 ~.0252 +0137 -1.89
a2 1. 20L Ll 33 =0 -2 T8 =~ 002 «0l617 «01az <000z + 0005 —a00L9 ~aQalz 01316 -a09
221 1.200 417 30 .01 -2.63 0279  .0L700 .0129 -000F L0005 —.0020 .0235 + 01290 2.21
222 1.200  417.28 »01 ~-1.37 .0831  ,01758 +0086  ~.0001 L800%  ~.0019 D535 .D1320 4405
273 1.20L 417 50 01 ~.65 .082% 01305 .0037 -,0002 +000% ~,0D1A .0826 «01403 5 g0
22e  1.201  417.5D +01 .08 #1102  JOl83R =.000% ~,0003 0005 +~.HDZ0 +1102 01543 T.14
225 1.201  417.58 01 73 #1370 .01854 —.0051 -.0003 0005 -.0019 L1358 201719 T.Ch
226 1 200 417 5O .01 1.46 21679 01869  —,0101  =-.0005 0005  =.001% 1674 01936 8,43
22T 1 201 417 SO 1 2.18 +2016 O19LT  -.0157 =-.0005 0005 ~.0017 2007 02373 LTS
Z2h 1,201 417 50 +0D 2.99 -2508  ,02005 =.02l8  ~.0007 L0004 ~.001% 2394 02757 a.12
220 1.200 41T 42 .01 3.76 +2791  .021it  ~.0270 -,0007 0005 -,0015 2771 03526 T.64
230 1 2080 1T &0 a0 & 6O +3183 wOZZ3e ~20313 = 00T 0003 —+DOLZ «3155 04572 7.05
231 1 203 417 47 .01 5.45 «3576 L0238+ = 03.8 -~.0008 .0002 ~.0010 .3537 05461 6.48
237 1.200 417 32 «01 6.23 +3956 0253% ~.0379 -~ 0009 0002  —.0812 3904 06563 5 97
233 L 200 4l7.36 ~01 7.14 #4360 02712 =.04D9  -.0010 0002 ~.0013 293 07301 5 50
234 1,193 417.33 .01 8 03 «4T8L 02934 -.0637 ~,.0012 000% - QD19 5093 09273 5 08
235 1 200  417.30 Lal A.36 «4923  .03009  ~.044T ~.0012 .000+ —.0020 -RE2T . 05825 4.91
2356 1.200 417,31 .00 ~5.53  +,1197 .01202 0372 0005 0007  ~,0022 ~.1180 »02051 ~5.75
POINT  ALPHA cLso onre ens cnI R/FT ¥EHP
217 -5 53 «0Ll2 «0001 % ~002L0 o010 2 on 12Lte%
218 ~4.11 o032 a011lY  .03219 .0010 2 oo 121.0
z19 =3 19 0007 L0017 00210 +0010 z 00 120 9 _ .
220 -2 75 0970 0oLl .oozto .0010 2,00 120 &
221 =2.03 0g0s  .NO11A  .00210 0010 2.00 120 5
222 ~1.37 .0029  .0011A  .0G210 0010 2.00 120 &
223 -.65 0063  ,00118 0oOZ1D L0810 2 00 120 4 N
224 .08 0121 L0912  .00210 0010 2z 00 120.1 'EAGE 18
225 .73 DE8? 00125 00210 .0010 2 00 120.t G‘[NMJ
226 1.40 0zan o0L27 00210 +0D10 2 o0 120 L O'R‘I. AL'[TY
2eY Z.18 04073 +0C130 ~007:0 0010 2 a0 120 1 OB QU
228 2.95 0573 00133 .po2t0 o010 2.00 1201, O'E‘ «
229 3% OTHA 00133 00210 .00to 2.00 120 1
230 4 4D L0695  L00'35  .00210 0010 2.00 120.1
231 5 45 1251 00136  .0D2L0 0019 2.00 120 0
232 6.29 1524 00137  .002LD L0010 2.00 120.1
233 7.14 LTS ooi3fr  .00210 +0010 2.00 120.1
234 a 03 2203 06143 ,D0210 .0010 z oo 120,1
235 2,35 2330 oct4a? onzl0 0010 2 00 120 t

236 -5.58 .0130 oel13 00210 -0010 2. 0D 120 1



RASA LANFLEY RESSARCH CENTFP B~FT TPY SCAT I5=F

- TEST 503 PUN B HAEH .800 CONFIG. 1 - _

POINT  MINS 0 BETA ALPHA <] ca (o] CROLL CYAW CSIDE L co Lro
172 «202  32% 97 +01 =5.70 -.1260 00389 +Q308 +0004% L0006 - 0022  -.1245 01956 =6437
173 «BOl 330 65 01 =5 31 ~,0682 01116 0251 + 0003 .0D05  —.0023 - D57} 01645 ~4.85
174 «797 329 36 -01 =3.61  =,0375 L0126 +0217 0001 L0005  =.0020 -.0356 «01269 -2.88
175 .80 330.45% .01 -2.97 ~.0163 .9123% L0192 0000 «0006 +~,0020 =-.0155 01192 -1.3t
176 «803  330.11 01 -2.28 0133 ,0137% +0155  ~,0000 L0003 =.0019 .013% 01155 1.2}
L7y £ 793 223 st «01 —1.6% 0367 «0kedl 0129 ~.0002 »0002 -.0018 +037T1 -01156 3.21
17a «793 325 57 -0l ~.97 0610  .01492 0105 ~.0003 +0003  ~.0019 0512 -0112% S.11
179 +801  330.52 .01 ~e30 ~03456  .0L493 «00BI  —-.0004 0002  ~.0017 0357 01274 6.65
1a0 801 330,24 »01 »33 +1074 01503 8051  -.0004% .0p002 ~.0017 -1073 0138 T.75
191 800 330.18 -0l 1.07 1372 01492 +0035 -~ G005 0001  ~-.001% 1369 01568 B.T%
122 903 329,70 Ol 1.75 L1647 01499 0013  —.0005 0001 - 0D15 1642 £ 01921 Q.02
133 STIR O 325.34 =01 Zuht -1932  .01533 ~.0025 ~ 000+ £0000  -.0912 2152~ ©2t60 8.91
17 + 799 328 31 »01 3.t3 22A0 01595  ~.0155 ~.3007 0oL ~.0012 - 2263 + 026458 B 57
155 2793 32€.50 +00 3.A9 £266D 01555 ~. 0008 L0006 =015 2642 03286 8,04
125 LTEF 329 63 «00 4 68 3035  .01760 - ogoa -0005 - 0013 3000 04048 T 44
tA7 <787 328 83 +00 5 45 3404 01371 -.8009 <000 =.0011 £23271 -05918 &6.B5
183 ROD  329.B4 D0 & 28 3829  .02024 ~.0009 0003 -~ 00t .3724 +06022 .28
1ag -R03  329.70 .01 7 0% L5183 L0214 - soro .0003  ~.0017 4134 07115 5.81
190 <733 329,56 +01 7.93 4610 .02311  -~.0178  ~,0010 <0003 —.00t&6 +5536 03468 5.35
19t +733 329 36 -01 8.78 +5055 02500 -.01%3 =-.0011 +0001  =-.0013 4§53 - 10907 4e©5
192 89y  32°.790 »01 9.56 «55673 L0275 -.0237 ~—.0012 L0001  —,001% 5352 -11598 4,62
193 «299  32=_58 =00 ~5.T2 ~,1263  .003%D +~03t0 0004 «0006 —.00203 -.1253 -01970 ~6.3&

POINT  ALPHA cLso ot DB cot RAFY TEMP
172 -5 10 0155 .00032 .00080 -GOLD 2 00 119 &

173 =4 3t L0085 00037 60080 -0010 z 00 119.7

174 ~3,61 0013 .0DOD33 . 0008D 0010 2.00 120 ©

175 ~2.97 »A202  _00033  .0O08A0 0010 2.00 120.1

176 -2 28 0202  .00036  .000B0 0010 2.00 120 1

177 —l.63 0d14+  .0N0356 L O000R0 0010 2 00 120.1

178 -.97 -0037  .06036  .000RO -0010 2 0o 120 6

179 ~.30 0072  .0D03R  .ODOB0 0010 2 00 120 ©

180 33 0115 .8n0D33  .000AD 0010 2.00 120.,0

181 1 07 0189 L00039 00080 0010 2.00 120.0

122 1.75 <0270  JO00%0  .0008D »0010 2.00 120.0

143 2.41 «0370  .000%1 0oRan «G0t0 2.00 120 1

194 3.13 L0515  ,00042  .00DBO +0010 z o0 120 1

185 3 8¢ 0693 00043 00020 0010 2 00 120 ©

8 4.6P 0°06 00045 0n089o -0010 2.00 120 ©

147 5445 1135 00048 L,060080 0010 z 00 120 1

1r3 5.29 <1432 .0005%  .00080 0010 2.60 120 1

189 7.08 L1709 .0005%4  .0ODSD 0010 2.00 120 1

t90 T.93 2056 00056 00080 0010 2.00 120 1

191 R 78 2458 L0005R  LOGORQ 0010 Z2.00 120.1

192 .56 .236% 00058  .00020 »0010 2 02 120 1

193 =5 72 0157  .0003L  .H00BO 0019 2.00 1i9.9

¥AST 503 RUN 3 HACH .900 CONFIG. 1

POINT  KINF o 5FTA ALERA 4] [£Y cH CROLL CYAH CS{OF cL co L/D
o7 L1 353 40 «00 ~5.74 =.1301 0070 0337 -000% 00056 - Q016 =.1285 01587 ~5.4T
&R -203 357 44 - 00 -4.25 - 065  .OLD"S +0255 + 000 -0006 —.00LB — 0564 01417 -4 &%
49 903 357 59 .05 =3.65 =<.04l6 .OLISS «0233 -.0003 0005 -,00l8 ~.0407 012756 ~3.19
70 -S01 359 01 [ck] —2.52 =—.0102 01362 +OETL 0002 0003 —.0013 -.005%6 .01173 —.B2
71 +902 357 77 1} -2 24 0150 oL37S <0154 .0000 G003 -.001% 0155 01134 1.37
Te ~501 357 76 «01 -t 5t 0435  .014456 L0119 =.0001 .0002 -.0012 0539 .01150 3 P2
] <ol 357.89 o1 - o) 0673 014P% +00%2  =.0003 .0002 -.601% o5TE 01,98 5 64
T 500 35T 65 oL — 20 0903 01504 0067  ~.000% +0002  -—.00l4 +0503 01293 6499
17 503 357.72 ot 45 1181 ,0150% 0038  =.0005 0002 ~— 0014 1ve 01429 Re25
8 903 357 6% +Cl 117 14486 01510 <0011 - 0005 0002 ~-.0013 L1445 oL 26 8.P9
79 +%02  357.71 ol b 55 1603  .01529 - 0038 - 0003 GO91  —.0012 1797 015561 9.16
69 900 357 7t .01 2z &5 2146  .01583 -.0081 - Q005 0000  —.9008 .2135 «02297 .51
a1 «903 35747 .0t 3 39 <2505  LO0165% ~,012Z3 ~.0D06 ~00DZ  —.0011 2491 ~02550 8.4%
a2 -900  357.48 L 4 19 2912 L01766 ~.0L6T  —.0005 L0004  ~,3012 L2891 -03707 T.80
83 .S02 357 59 09 5 oL -3332 .0i°%4  =.0201 ~.0008 -0003  —.0009 .3303 04616 Tl
2% -502 357 48 .00 5.53 «3T40 020546  -.0223 —.0009 0003  —~.00L0 3700 05457 6.5%
55 403 357.65 .Cd &5 10 41TL 02213 = 0238 -.0009 .0003 - 0014 4116 YT 5.97
Aé «502 357 54 .00 7 54 4576 92336 - 0247 -.0011 40003 ~-.0012 4505 03160 5 50
rT 93 3A57.72 Gl 3.51 50645 +02&16 ~.025¢ ~.0011 Q002 ~.0014% €52 09902 5.02
g8 -902 357 &7 at ° 34 5518 02558  -.0297 -.0012 L0003 - 0O17 -529% +11599 4,65
89 -903 357 77 a9 -5 73 = 1312 ae37o 0338 -000% .0006 = 0019 - 1257 .01995% ~&.50

POTFT  ALPHA cLSO coc o= (41} R/FT TEHP
6T  ~5.T4 oles Qo027 LLLED] 001G 1.59 123.2
68 —4.26 00484  L000235  L000:0 0010 199 121.8
69 =3.6+ 0017 .00027 03020 «0010 2 co 121.1
0 -2.92 L0001 00024 00082 +0010 2.00 120.4
I w=2.2% L0002 .00031  .0DDE0 0010 2.00 120 4
72 ~1.5L aple  .0n032  .00029 .oolo 2.00 120.1
T4 =.90 L0046 00033 .000A0Q 6910 2.G0 120 1
76 —.20 .0032  .00C34%  .00080 Q010 2 6o 120.1
77 ) aL3g  .000%4  .00070 O0LO 2.00 120 1
78 117 6209  .00035  .000R3 0010 2 00 120.1
79+ ~ 1 95 0323  .0G03% LLTED] 0010 2 0o t20 0
&0 Z2.65 L0456 .00N37  .70060 0010 2 oo 120 0
-3 3 38 ~ObZ1 00639 LULER] 001G 2 00 120 0
ez 4.8 03356 L00072 30383 .0010 2 0D 120.1
a3 5 01 1091 L0004%  L090EQ ooto 2.00 120.1 -0
£ S.R3 1308 ©00as 00080 «00L0 2.40 120.} RIGNAL PAGE IS
a5 £.70 15694 00050 .00032 oolo 2 00 120 0 O
56 T+5% +2030  LDOCS4 L0000 .0010 2.909 119 9 F POOR QU
a7 8.51 2569  .00057  .90089 0010 2-00 20 t Alm
LL] 9.34 .251% L0008  _.G038% 0010 2.00 120.1

88 -5.73 +OYER .neaz2y 95020 -aaia 2 00 120.1



§~SA LR IFLEY RISEAALH CENTER S-FY TPT 3Cary 15-F

TEST 503 RUN l& HACH 1.200 CONFIG. 3
POINT M F o BETA ALPHA CH €A oL} CROLL CYAW Cs1oE oL L] Lo
17 1.200 4£1T.20 <00 ~5.5% ~s1225 +01269 « 0382 06003 0008 —.0022 ~a1207 202l 68 ~5.62
L3 I Zoa 417 26 «01 =4 kT «,0635 01490 0293 « 0002 <0008 —.0022 ~.0622 =0L538 ~3.32
1% 1.200 “«17.26 <0k -3 &1 ~.0312 ~01598 «0241 ongl + 0005 —=0020 ~. 0302 01272 =-2.05
2z 1.203 417.26 01 ~2.73 -.004T .01675 0196 « 001 -06005 - 0gl9 -~ 0039 D13as -.23
21 1 200 417 26 01 ~2.00 1 L0238 01744 <0147 -.0000 0004~ (OL8 0242 01345 1 80
22 1 200 417 28 01 ~1 33 1 0515 01793 +0098 = 0001 699+ = 2Q1P -051% 01353 B.%1
23 120 417,25 L01 —. bl -~ 0764 -01828 ~0050 ~.0902 ~OR0S -.0022 ~0T795 0129 5 57
[ l.zn %17 z9 -0l 05 1062  .0L%57 #0003 =,0003 000% = pole +1062 «01557 £ AZ
25 L 201 417.29 ol «T0 £ 1324 « 01874 - upst -«0003 0005 - 0019 1322 01726 -1
26 1.201 A17.29 +01 L. %L 1657 «01871 ~«0053 —=0005 -« Q005 - Hoie 1642 Ots2a £8.27
27 t. 20t 417.29 +01 .15 L1977 L01934 =.0149  ~.0008 ~0004 ~ 0019 »1958 «02}67T 2.31
23 .20l 4E7.29 08 2.92 #2359 02013 —.0205 ~.0007 0003 —.0012 2336 .DZa9g 8 a5
23 1.270 41T.7% =00 3.T3 «2731L -0Z108 ~a 0255 —+ 0008 000 ~aGOLEZ «2T711 L3567 T.60
30 1203  417.17 =00 4 57 «3131 202223 ~.0299 ~.0008 «Q00%  ~.0012 3103 «04+0D T.05
31 1 19% 4l7.03 - 00 5437 +3490 « 023286 <. 0329 0009 +0003 - G0 =3653 05271 655
32 1.1%3 %1693 =00 6.2& « 35306 +02453 —a03561 —=»00L0 + 0003 ~.0011 «385% 2062PT &£.03
31 1197 414,96 -01 T.l3 «5302  L02599% —.038T7 -.0011 .0002 - 0013 P 5237 -AT410 5.57
34 1.152 416.75 «OL 4. 0% <4731 «02719T ~a 0520 -.0012 0003 —«0017T P10 »0507R 5 12
Az 1.193 &17 04 01 8 37 «H88% « 02877 ~.033} =+0012 0603 - O0r6 «HT95 « 83650 5. 57
3o 1200 417.1% =01 143 »1656 L0192  —.0095 -.0005 .0006 - D019 -1651 01993 8.23
eRINT  ALPHA LS coe (=]} cor RIET TE4P
17 -5.5% 045 00112 +00210 #0020 2.00 120.%5
1A ~% 17 00339 -00114% 00210 +0010 z oD 120.4
13 -1 4 +000%  LD0ELT L0020 -0010 2.00 120.4
z0 -2 T3 +909D +00113 «00210 «0010 2.00 rz0. 4
2t ~2 0% - 0005 +00119  .00210 L0010 2,900 120 2
22 ~1 33 0027 «00119 - 3210 @olo z 00 120.4
23 ~+b% +» 0063 ootzt « 00210 -00LD 2 00 120 2
24 05 [ 39 & -Dat2l +00210 -0010 2.00 120 2
23 =72 «0175 00125 00Z10 Peliycl 2 00 120 2
26 1 41 8270 «D0129 go0zro -0010 2 00 1z0.2
27 2.16 0397 00130 00210 0010 2.00 120.1
23 2.92 0545 05133 «00210 =000 2.00 120.1
29 .73 0735 00134  .00210 +0010 2 00 120.1
32 4457 0963 -00135 .00210 ~GD1O 2.00 120.0
a1 5 37 w1132 - 00137 00210 - 0010 z 00 120.0
32 b 26 148%  .60138 ,00210 0910 2.00 120.1
33 T.13 «1795 «0013% ~00210 «00'0 2 oo 120.1
3 2r0% 2159 +T0142 - 00210 « 0010 Z.00 120.1
3% .37 +2299 00146  .00210 +0000 2.00 120.2
5 l.43 0272 -00i23  .00210 -00LD 2.0% 120 o
HASA LAHCLEY RESEARCH CENTER UBNT T52 PRELEMIHGPY 0 /L4759
BOPY AX]S PRI T REH 93 HALH 2.39 LCONFIGa CCDE ] BATCH 1T
.
POLAT FICH DyH PRS BETA ALPHA [} (43 TH L [A)]:] ty (1] CABR CAF
1151 2 30 454 &5 02 —T 1R - 1322 0056 L0207 .0DBL 080D —, (CCR -eC11 -0co% 0008
11s3 2 30 454 90 02 ~5.05 =« 0953 -0072 « 0168 «0001 «0002 -,.GC02 0031 -0009 «0058
1159 2 30 45505 =02 ~5.52 —,0549 008% L0125  L0COl =—-.DCC0 - CCO2 «~0L11L QooY « 0303
1760 2 30 45%-B1 +02 =3.36 - 014% -0l0% -00B3 «0021 «0802 —.CG03 «C310 =000 + CO03
1761 2.30 A55.L4 202 -2Z.11 «Q25T -0117 + 0029 «0900 bcpd -~ tlce 0L 0019 ~00G8
1762 7 30 %54 5% +02 —a B4 «0571 0130 = 00T «0Q00 «0201  =.£3T6 «CLE1 <0010 -0208
1153 2 3o 45514 D2 49 «1102 +0139 = 0053 =.0001 <0001 -.0C06 «CC1Y +001% =060
1188 2 30 455.03 «03 1.82 «1552 QI5L - GD%% —.0001 «0001 —.£910 «CC11 «0010 - 0003
3765 2 3D 45%.50 «03 3.15 -195% «01466 =.0I25 =~,0002 —.0500 -.CC05 ~0CLE Dog -0002
1165 2 30 &5¢ 78 =03 L.59 22305 40184 =~,0155 - 000& .000k =~ cLll -CCEL +CCic 2003
1T6T 2 20 &5% 3% .03 5 p% 2750 +020% = Q1T? =~ 000+ 000} =,0211 ac1l 0009 « G023
1158 Z.30 455 &1 «G3 T 22 <3137 +022) -.0!19% ~.0003 G081 ~.Cul3 -0CLEY Dgo? «55233
1169 2 30 %55.1% .02 —2.10 0262 .0117 L0039 L0602 .0GBl -~ CC06 ~0CHL 0010 +0008

ORIGINAL PAGE I
-~ OF POOR QUALITY

NASA LAMGLEY RESEARCH CENTER UPAT T52 PREL PAIVAAY 01718589
ETACELITY AxI5 RS 82T ROy 93 MACH 2-3D CONFIG. LLDE L] EATCH 1T
POGIWY  H Ch t/n BETA  ALPHA TL co (4] cLs CAS cY CEC CCaM col
1357 2 30 ~5 D43 ¢z -v.lg = 1300 +021¢ L0207 0001 ocer -.CRCS +CLIC £oo% ~0012
1758 2 30 -5.8222 -02 =588 -.C92T7 0165 0149 ~aoa} 0Jea - €302 -0C10 ~Ceng 0011
1ise 2 32 =5 L125 =02 =A.62 — p537 =0131 0125 L6001 - pyLo - cecD2 e - CCH9 colo
1760 2.30 -1 2830 0z =3 35 ~-.014%0 o111 -D053 0301 00C3 = £903 Goip 0030 - 0009
141 2 20 Z 4552 «02  =g.11 0263 ~GlD7  .CO037 aopd  OBEL - £CR6 00t0 0010 ~0003
1262 2 20 5 6459 02 - B& - 023D 0E20 -.0007 +G000 «0001 - ciale =0011 o010 - 0208
1363 Z 39 T 4359 02 59 - 1120 «Ul4S —a0053 —.C00L  +00LL  —.C305 ocIL oo1e ~Loos
16 2 35 7 7038 -03 l.32 »1505 «0250 =.00%% - 0001 20001 =.C010 L6011 op1o «050s
1765 2 20 T-0237 =] 355 «1935 02T3 ~.0125 -,0007 -.Q0C0 - COGS octy 0210 ~000%
1968 2 30 & 3470 03 4 49 2322 +0386 -—.8155 —,800- .00CL - IJ]% ~CC11 0010 -0003
1Y 2 30 5 &302 ) 5 04 »2712 LO5BD —.0L79 -.L0DG Qar = Coll +001 oogR Coo%
1763 2 30 5 w07 03 T 22 3032 «N511 -~ 0199 - 0003 .0COZ - E€C13 «0E13 +000% 0210
1760 2 33 25037 N T 0263 -010T  .oD3T poDo L0001 - COCA +~0DLE 0010 -ocas



HESA
BODY AX13 PRZ 827
POINT  WACH DYN PARS BETA
1784 2.70  «13.65 02
1735 2.T70 413 58 «02
1706 2.7T0 413 4% 02
1787 2.70 413 %1 +02
1783 2.70 413 .67 -02
1739 2.7D 413.63 «02
1190 2.70  41l3.4T «02
1791 Z.70 $13.49 =02
1792 Z2.70 ®13.18 «02
1793 2.98 £13.71 «92
175% 2.90 £15.67 «02
1795 2.70 13,54 +03
1796 2.70 413.465 -0
1797 2.70 413.58 «03
1793 2.70 413,71 «02
-
NASA
STASILITY AXIS PRI 827
POINT HACH L/D BETA
178+ 2.18 =5.8%4% -02
1785 2.70 =5,23%0 +CZ
1736 2.90 -3 9475 02
1787 2.70 -1 4032 -T2
1783 2Z.70 1.06%0 -02
1789 2.70 4. 9055 «D2
1750 2.TO 5.7699% -02
1791 2.70 T.26056 «02
Irs2 2z-100 b 9312 -02
1793 2.70 & 3591 02
1796 2.7 5 TI5LY =02
1795 2 70 5 2382 02
1156 2.70 & 1577 B3
7T 2 10 4a32648 «03
1798 2.70 }1.9482 D2
HASA
3Q0Y AXIS PRF B27
PCIAT M0 DYI PRS BETA
2569 2z 20 452.7% =200
2970 2 30 453 21 = C0
297t 2 30 453 30 1]
RS72 7 30 %53 B9 - 00
2973 2.30 453 &0 ad
2r7 2 30 453 92 .80
2575 2 30 453.98 00
29756 2.30 45% 45 «00
23T 2 30 %54 dl -01
2915 2 30 455 01 .01
297 2 30 %56 56 +01
2930 2.30  55% 93 02
2931 2.30 454,19 « 02
2582 230 £3% 28 +C0
Hasa
SEABELITY AX (5 PRI 82T
FOINT  HACH L/D BETA
2750 2 30 -6 3288 - {0
970 2 30 -5 8193 - G0
2971 2 30 -4 209 o0
2672 2 30 ~] 2592 - GC
2973 2 30 2 &6%17 -00
2574 2 3D 5 1593 -00
2575 2.30 r-3037 -00
2076 2 30 T 9285 -0D
2977 2.39 T 2119 01
2918 2 13 & 3665 01
25T 2.20 5 Bt 01
2780 2 3D 5.001& D2
2541 2 30 % 4927 c2
2982 2.3D 2.675%9 =00

EANGLEY RESEMCH CENTER U2dT ¥52
RUN 95 HACH 2.70
ALPHA H T cr CLB
=T 25 =.l131 0058  L0lAe  .DOO2Z
~ba 0 - 0318 =00T1 «D135 «0001
~&.80 =2 Oh%H «003% «01C2 «0002
=3 b2 - D157 0997 M-l «Gool
~2Zuhd «0162 «010% =052% -0L01
~1.23 +0331 +0121 —.0040%
«05 «0892 032 —.0O&T
1.27 »1243 20186 = Q079
Za.56 »1592 =0157 ~-.Di0S
3 al «1925 0173 =.0123
5.05 -22%5 «0IAT ~.Di49
& 33 «2563 aD202 —0lsp
Teb2 «289% «0Zl3 =,0131
8 %% +3251 ~023% —.01%%
—2.52 «0190 =0109 <0027
LANGLEY RESEARCH CENTER UPNT ES2
RUM 95 HACH 2.70
ALPHA £t
=7 25 =+111lL
=5 04 = 0802
—4.80 —.0585
-3 32 =.0L&D
—2.43 «0187
=1l.23 =053%
« 05 0899
1.27 1264
2.56 1552
3 8 «1%07
5 05 .222a
& 33 «2522
1.62 «286L
B.9% «3151
-2 42 ~01%9= =0101 «0027 0001
LANGLEY RESEARLH CENTER uPAT 132
RUR 145 HACH 2.30
ALPHA 4] ca 25 s
=T 35 ~u1295 ansl 0153 ocoz
-5 02 = 0313 0062 +0129 eto2
~4.71 - G519 o0so CGess acal
=3 45 ~a 0136 o895 op&0 ¢ooi
=-2.18 +0255 o169 0025 Q00
- a7 050 0121 - o0l5 - 2000
«50 =1109 +0130 - 6052 = %001
1.a7 1555 +3165 -.003% - GOOD
3 21 +193% 0158 =.0136 —.0002
4 65 235+ 017T -~ 0121 = Q003
5.01 2723 0I5 - D132 - 0003
Ted3 «311% 0213 —.0145 = GCOL
& 80 «350% +D23Z =.0157% fleal ]
~2 17 +0257 0108 -0025 400
LANGLEY PESEARCH CENTER UPAT T52
RUI 146 HaCH 2 30
ALPHA cL o CH Cis
=7 35 -.1275 +0201} -b1%a Gool
-6.02 - £893 D15% G123 g2
-%.71 ~ 0500 oLzl o055 GCot
-} &4 ~«0127 0102 ods0 2001
=-2.13 0250 «CG9Y 6025 o0a0
=BT 0803 010 = 0015 =~ 02)9
-50 1107 «0140 —.0052 -.0901
1.87 1569 -0195 = Ogas ~ o0QOnd
3 21 +1920 «02856 = 3105 - Q002
4 &5 2329 «0366 = 0121 = CCDR3
6.01 ~2585 0476 =a0132 - DID3
T 43 3951 -G6l2 = 6145 - 6COZ
8 8o 3522 L0762 - OLS9 - D22
-2 17T 0262 - 009D 0025 &iod

FHELIRINARY
CONFIG. LCOE [

Cra y (=114
+ 0002 ~-.c0D2 +0CCa
0002 ~.CO02 «GCCH
- 0062 =-.0202 [14+4-]
+0007 - C€C3 <CCCa

opo2  =.0L05 JeC3
=03C2 - CC0B «0Co8
20002 = G0D% -00L3
«0002 -.CCC5 ~00C3
«AG02 —-.C0aT7 ~GLC3
~0001  =-COoON +CLce
«00D1 -.[003 «CLLY
=006k = 0219 ~0L29
0002 —.LCCco ~0CCy
-0002 - CD13 Qres
«Q00Z —.LCE5 ~GCC3

PREL IHINARY

CENFIG- CCOE O
crs Y cce
-0002 —.C6E2  .£€CB
+0600Z -.C002  .OCE3
=2002 -.£COo? -0t
+0082 —.(903  .CCC3
0002 —.t€05  .0GES
«030% =,£0CH  LLCSB
L0302 - CEO4  .08C3
-0£0Z ~.(CC5  .DCOB
.0202 - C4GT  .OCCR
-08€L - fCts stas
-0001 -.£985 040y
40001 -.CII0  .O5CY
L0062 -.CC09  LCLC§
«0002 =.CJt3 =0CC?
L0002 -.£C0>  .0633
PRELI¥1 337
CONFIG. CEOE B
cHe cr cic
L0501 - L1 ceid
+0I0L -.CCO L5210
L0001 ~,. L2} .CC10
-00C0 €300 .9c10
0000 —.CCel k]
=00C0 -—a.GCOL =TTl
00CO  =.GIOB £243
~ 00C0 —.£CE2  .3E11
- 090F =.€653  .CE1
-.0cCl —.C723 oCiL
- 0001 —.€607 eErl
-.B302 =-CCIT  .55%1
—.0803 -.C015  .7CI1
C0CO - £COL  .£D13
PREL epNLsy
CCAFIG. CCCE G
chs oy (444
0001 - €Cfr .coto
0001 - €339 VoD
0CCl -~ COut L1
030 -(CCD  .OCLD
000 - CCOE rE19
-0002 - €COP ~L1c
L0303 =_C333 .70
- CCCO —.t322  .&CIL
0901 - £093 LE21)
- BCCE  -.C5C3  .~CR)
0008 -.C637  .ccit
- 0002 =.€211 cLll
= 09203 - (Ci5 a"C11
L0003 -~ canl LN

012147569

BATEH 1Y
(1.1 433
«0007 +0007
«GEOT «000T
«0007 +000T
.0COT 00?7
-G007 -C0D7T
-LEQT D007
«GO9T +0B07
<0007 0007
«0097 «0207
-000T 0207
«GETT 40007
0007 G007
»DHFIS «0GDT
5005 «C0IT
<0007 «LOOT
C1r16/769
BATECH 17
LLaN cer
+0207 -pa12
.CCOY 0911
«QG07 «001D
0057 -CODT
a5ar U008
-£007 5003
«GoCT +BODT
«COCT +~GO0Y
+CCST poov
-CCoT «0008
oo L BDG3
0237 0093
Pyl ) oei0
o5 a0}l
2CCOo? «G003
QLITRSOY
BETCH 33
£-34 E) 3
+CLO9 «T00B
nLoy ~D003
=5039 Q608
+CC10 0c0g
10 - 0005
-€0'0 + 0000
-0010 0023
«06510 €003
-0G0 «C0D8
%510 o008
s «C063
23509 < GH0a
gl g - 0608
L2l cooa
CLf1nt5e
EATCH 33
fean (421}
209 11 &)
coes ool
~aps col10
() £+ [r1ede 1]
-C310 -C009
G210 -CODB
€ 0 +0C8
»LC'D =003
cMe Relodd
20010 a0y
s «=L00Y
£CNg onlg
seCs N
=001 +000%



-

a0pY Axr:

PD1IT  HMH DY@ PRS
2933 270 &ls 23
2999 2.70 1597
3501 2 T2 413 By
W09z 270 413 16
3033 270 &1 &9
306% 2 70 413 84
3985 2 10 &l 52
086 2O 413 05
3007 2 TF Sle.ls
3008 2.70  &l4.11
3009 270 412.50
31 2 1 4Lk €9
3131 2.7G 13 67
3112 2.70 413 8%
313 2.70 413 o8
3116 2 70 4l%.02
3116 2 10 &lé.ls

STADELITY AXIS

POINT  Hpen /o
29%8 2.1 ~5.0C39
£99% B.70 -5 BIZ%
3001 Z 10 -4 2904
3002 2.70 ~-1-5681
3063 2 70 1 vh27
3005 2 T0 5 2283
3005 2.70  7.1282
Ag)s 2.0 T-4959
3007 2.70 1 0789
3068 2 70 & 5557
3009 21 5 8232
3110 z 10 5 2387
1L 2 M0 & 736D
3112 Z.T0 & 3029
3113 Z.70 3 9262
314 2.30  3.8062
3116 273 2 D%iB
S0DY AXLE
POINT  HALH DYY PAS
350 2 30 453 63

3151 2.30  453.62
3152 2 30 &53.80
3153 2.30  454.39
3154 2.30  454.87
3155 2 30 433 35
3156 2 30 4%6 GT
3157 2 30  4&54.31
It58 2 30 454 51
359 2,33 454 75
3o 2 30 45% 90
3160 2 30 453.95
3162 2 30 453.95
3163 2 33 45% AT

STABILITY AX1S

OINT
3150
3151
3152
3153
3154
5155
2156
357
2L58
se
350
3183
3162
31¢3

/0
& 2213
-6 3273
-5 1453

|

@
~
o
=

B.2145
T+ 4539
& 547D
5 7433
5 pres
& 7219
1.9016

HASK LAMELEY AcSEARCH CENTER UFAT T52 PRELIMINARY

PRy B2Y FUN L43 HACH 2 TD €OiFIC CCDB [+

BETA pya cH [ % (=] cLp CH) cY Cat
~.Gi =T &3 —s+1ll3 00+% +0119 =000 0503 «CCol -GCLE
- 0F  ~£.13 —.08%3 DEST  LCO%Y  GCO3  .0903  .(o0} c5is
~aCl -5 91 —a049% <0073 «0073 «0082 -0203 =Lo0t -0Cca
=01 -3 70 =-.9139 «0083 0o0&5 o002 ooz {cez -00C3
=.00  -2.6% o172 010D 6016 0002  .00BZ  .COGD eeca
-<¢9 -1 27 0513 -0 12 — 004 +0Gcol 0992  ~.0901 ouiad
=00 o QaaL 0123 - 0345 QGat ~ong £o01 (1443
-« 00 1 2z 1230 0135 ~.00%0 apol «000L  -.GDID -8ecs
-.0D Z&D #1551 0149 -~ OCBS  .00BD  .Cr(p tcTy -pery

Qo 2 356 1835 +0i63 = 0101 - 0020 - 0091 ~-.C001 20008

-00 5 156 2219 0178 ~.0113 —.0O0L =.0031 —.CELD ~BLED

01 & 43 2530 #0123~ 0121 =.0G021 -.)321 -.C0P3 ceLs
al T.73 ~2852 «00% = 613D - OCO2 —.00C1 = COO5 ~0LCe

-0 511 318~ 0225 = 0137 -.C3D1 = D781 = £31D Q¢ 5
01  10.45 »3521 «03¢1  —,014% —.0C0Z .CCCO - CCCB CCCT

+00 11.73 «3379 0259 - 0l5% -.0003 o091 - tock LR

- 00 -2.47 -0184 +~0io0 +0015 «0002 odez «LGDL «Srle
MAS A LANSLET RESERAICH CENTER WPHT TS52 PRELIMINARY
PRJ 82T FUY 163 HACH 2.70 CONFIG CCDE o

BET & ALPH L <o cH CLs CHE <Y [
-1 -7 53 - 109% «0183 0119 onD2 £0003 [0l3 8 -00¢8
=01 "5.13 - 0774 0181 L0058 .000Z .COp L €051 «09E8
~. 0L —5.51 ~=0433 orla -0073 -0802 -2203 -coot -CCCa
-0l -3 1o =+2151 00%s «0Q&S (11427} 0203 «Co0n2 €S0l
— 00 -2 %9 0173 o092 -001& 0002 0202 +CCOD -CCE2
~=00 -1 27 €521 +0100 —.001% +DCO1 +5202  ~.CCor -C0C8
-.00 0% caal +0124 = Q0% .0001 602  .fapl ~OCC3
~.00 1.32 «1226 aOlé&e —.DOTO 0po1 -80CY  —.gnoD P11
==00 2 &9 1551 «0219 =.008& 2060 -GOCD +Co0l - D0GY

20D 3,65 1869 0250 -.0l0l =~ QO0Q - £J0Y -.C0D) oLce

=00 515 - 2E9L =0376 - GI13 - 00Ol =~ OQC1 ~.copo «0C0%

«01 6 &2 2639 D576 = Ol2l = 000 =,00C)1 = CoOd «0{C%

«01 F.78 -280% #0592 = 0130 ~ 0002 - OU0F -.COO5 Gcos

«0] g 11 105 0721 =.0137 —.00D1 = 020F -—.cClO «0LL9

+01 10 &5 »3514 #0870 <.014% =.000Z <93} =~.CObA L0CCH
+00 11.73 3rsd «103T ~. 0154 =.000) «0002 - COCH «GLOG
- 00 -2.4% +»OEBT «00%L L0213 L0002  .0%02  .0001 L0CC3
NASA LAHGLEY RESEAACH CEHTER UPHY TS52 PRELFUINARY
PRJ B27 RUF LS50 HACH 2 30 LONFIG. CEOE a

BETA ALPHA CH <A [4.] N3 (= )] cY CeC
200 ~T.27 = 1356 «0038 6133 +0022 =.0001F = CCCH -0€1p
+00 =5 93 —+0333 -0053 «DE55 L0302 -.0001 i1 3 0010
+00 —%.59 —- 05807 -0358 « 0127 o0l - &I +€CO3 oGlLD
«00 =3.35 - J239 -0381 « 9087 ROl = 8Cgl v LfeEL -CElE
.00 =2 0% D145 L009% L0061 L0031 =.9380 L0493 L1314
a0 —T5 «0573 0105 «0025 L9 -~.C0CL «CoCo nelo
oo «&T 1028 0114 -.0DE2 ~,.0301 =.0Q01 [=4: 1 ocIic
-0 1 9% 143 Gl24 =.0039 - 000 =-.00C1 «0901 L0010
o1 3 35 1817 0136 - p039 = DODl -~ DCOZ Cooo acll
-0l 5.75 2202 «0151 =.0056 =-.0003 - ©OOZ = GOOY «0G611
01 & 20 2588 +01656 =.8074% -.0003 -.0C0Z - CCC& oo
-c2 T.59 2956 0132 — 008D ~.0001 — DOJR -,LCCT [ T3
oz 8.50 3212 D19+ =.CCES =.O0R01 =.0063 -.COLG 0012
=C3 =Z+0% «2162 «0093 -00561 -0001  -.00CL +CCOD =CLEO

M3Sa LA ¢GLEY RESEARCH CENTER UP4T T52 PRELTHINARY
PR2 327 RO 150 HACH 2.30 CO Fic. Cles 4]

BET3 JLPHA cL co tH cLs CHS oY e
«00 -=7.27 -.1350 -0210 +0173 +0052 —.00D1 « G805 -aclo
-C9 =5 93 — 0380 o155 D155 0002 -.09c) £Ces «0{IC
.CC  =8.5% = psO0 LOL17 0127 o3l = 0O €003 .GOle
-00 =2 35 - 0234 o095 «CG97 0001 -~ OREl €061 -Gl

ne =2 D& 0166 aoan 00&1 oga -.00c0 teas .role
+L0 ~=T5 «05T% - G097 09025 0081 ~.03eL €00 L0010

.00 -67 L1025 0126 =~ 0012 =.0000 - 0001  ,C0C4 celn
00 1.99 L1426 D174 = 0039 ~- 0001 -.00Bl  _ooo} ~0611

[13] 335 - 1506 «0242 - 0055 -~ 000F =~.COCL coco #9011
-Gl 6,75 -2t8z2 «0333 —.GC66 —.0993 =.000t - C20) =}
«01 620 «2555 as%5 — 0074 -~ CO03 -.0002 -~_CECH <0010
$CZ T 5% 900 G5IE = GOBD =~ Q0OZ -~ 09DZ = COOV ootc
.02 B.50 . .3ts 208567 =.0083 =,0001 ~.0001 - 8010 0018
+00 ~2.0% 1933 LNDBY L0061  J0D01 ~.0OBL Leo3 -0CC

01216769 l
BATCH 32 F
€nBu [£1] H
0007 » 0007
~LCC7 oot i
<007 conr
~0587 0597 1
0007 LeoT
o307 c207
5937 sgar
L0037 [=:1:0
0307 «0007 !
-coey 5007
«2007 ~0007 ¢
-t0CY  .Coa7
.C205 6337 i
~CCCS 007
0aDS L0007 !
ceos 0007
~£007 +0307T t
OL/14r69 F
B.TCH 33
Lran col
~0£07 6013
Goo97 0311
€007 oo
e00T +0209
«0COT - 0003
-0907 -Co93
LC0eT ~0807 )
oCcot «0037
ecor -0007 ’
~C007 6o H
~8007 0058
P 1 +000%
-0006 G210
TS 0012
D006 «0014%
cons Dols
«C0CT - 0008
)
4
C1715/5% 1
BATCH 34 [
€134 cat f
D 200D O GOO0
¢ GICD D D900 [}
0 0300 g 2000 |
© o8y 0 6000
c© con 0 C06d [
o 0300 0 CO0D
C £3c0 0 0000
€ Cudd O BORD '
0 CO30 ¢ DOGD t
o €00k 0.0050
o fc26 €000 .
0.CC00 9 DOOY
€ 3383 O 0090 f
0.0000  © CGOO .
i
i
ORIGINAL i
OF P00 PAAGIE, v
) QU
[SYITYITY
BATCH 34 - I
ch3H o
6 0230 0 ople
0 L0 O 0200
0 £395 0 0Co0
0.599% & 5500
0 6000 © G000
¢ oong 0 0000
e 308 0 000>
0 cooR & 0990
G Ccoog € 0Doap
€ o33 ¢ o500
0 COCO 0 0000
0 Cite & 0900
0 *5u®  D.090D
€-CLC0C O 0DOD



BODY AXES
POINT  H3CH DYN PRS
alig 7.7 G1%.50
3180 2.70 413 60
atat 2.1 &ly G2
3132 2.70 414 19
3183 2.70  %14.15
3lbe 2.TD 414,02
3185 2.TO 414.13
3las 2.T0 414 &4
JL8T  2.79 &4 26
3lgs 10 416 24
3189 2 70 4l% Q4
3190 .70 414 37
3191 2.70 14,19
3192 2,70 Al& 46
3193 2.70 LT %)
319% 2.T0 A1 4%
313% 2.70 415.48

STABILITY AX(E
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TABLE I. - EXTRAPOLATION OF SCAT 15F-9898
MODEL DATA TO FULL SCALE

Drag Increment
Skin Friction (CDF Mod = 00765, CDF a/p .00379) -.00386
Roughness Drag +.00023

Wave Drag (CDN Mod = .00116, Cpy, AP = .00122) +.00012

Grit Drag - 00040
TOTAL -.00391
ORIGTNAL PAGE 15
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TABLE

IT. - COMPONENT WETTED AREAS AND

CONFIGURATION SKIN FRICTION COEFFICIENTS.

Component

Wing

Fuselage
Nacelles (4)
Wing Fins (2)
Vertical Ta1l

Horizontal Tail

TOTAL

Mach Number

1.2
2.0
2.62

Spef = 781.71 m2 (8415 ft2)

Wetted Area, m? (ft2)

1414.72 (15227.88}
734.06 { 7901.34)
250.44 ( 2695.70)

73.58 ( 791.98)
73.96 ( 796.11)
93.30 ( 1004.30)

2460.06 (28417.31)

Alt1tude, m (ft) CDfr1ct10n
10375.4 (34040.) . 005480
14703.6 (48240.) .004750

17952.7 (58900.) .004270



TABLE IIT. - HORIZONTAL TAIL INCIDENCE ANGLES
REQUIRED FOR MAXIMUM CONFIGURATION PERFORMANCE

Meo Ttaq1 ~ DEG
1.1 5.
1.2 4.
1.3 4.
1.4 4,
1.5 5
1.6 5.
1.8 5
2.0 4.
2.2 4.
2.4 5.
2.62 4.
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