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Summary

An experimental study has been conducted to
determine the aerodynamic characteristics of a pro-
posed high-speed civil transport. This configuration
was designed to cruise at Mach 3.0 and sized to carry
250 passengers for 6500 n.mi. The configuration con-
sists of a highly blended wing body and features a
blunt parabolic nose planform, a highly swept in-
board wing panel, a moderately swept outboard wing
panel, and a curved wingtip. Wind tunnel tests were
conducted in the Langley Unitary Plan Wind Tunnel
on a 0.0098-scale model.

Force, moment, and pressure data were obtained
for Mach numbers ranging from 1.6 to 3.6 and at an-
gles of attack ranging from —4° to 10°. Extensive
flow visualization studies (vapor screen and oil flow)
were obtained in the experimental program. Both
linear and advanced computational fluid dynamics
(CFD) theoretical comparisons are shown to assess
the ability to predict forces, moments, and pressures
on configurations of this type. In addition, an extrap-
olation of the wind tunnel data, based on empirical
principles, to full-scale conditions is compared with
the theoretical aerodynamic predictions.

Experimental results of the investigation showed
that the maximum values of lift-to-drag ratio for the
configuration varied from about 7 at the lower Mach
numbers to about 6 at the higher Mach numbers.
An unstable break in pitching moment began at a
lift coefficient of approximately 0.1 at Mach 1.6 and
occurred at a decreasing lift coefficient with increas-
ing Mach number. Typical effects occurred with the
addition of nacelles, which include an increase in lift,
an increase in drag, and a decrease in lift-to-drag
ratio.

Linear theory accurately predicted the drag polar
characteristics and the drag increment resulting from
the addition of nacelles; however, the magnitudes are
offset throughout the lift and Mach number range
examined. The stability of the configuration was not
accurately predicted with the first-order methods.
Euler and Navier-Stokes results, shown only for the
cruise condition, showed very good agrecment with
the experimental data for lift, drag, and pitching
moment {Euler only).

Preliminary aerodynamic predictions were opti-
mistic for the full-scale configuration. Extrapolat-
ing wind tunnel data to full-scale conditions showed
linear theory underpredicted the drag due to lift.
Applying a recently published empirical method to
adjust the lincar theory prediction resulted in an
excellent agreement with the wind tunnel results,

particularly at and below the design cruisc lift
coeflicient.

Introduction

The supersonic aerodynamic characteristics of
commercial supersonic transport (SST) concepts
have been studied by NASA since the early 1960's.
Several concepts were studied during the focused SST
research program that ran from 1960 to 1971. Some
of these concepts are documented in references 1-4.
From 1971 to 1981 NASA concentrated on solving
identified problems of supersonic cruise flight with
the support of the U.S. aerospace industry (refs. 5
and 6). In 1987 a study by the Office of Science
and Technology Policy (OSTP), Executive Office of
the President (ref. 7), identified the technology de-
velopments necessary to support a long-range super-
sonic transport as one of three high-payoff national
goals. It was recommended that the U.S. acrospace
industry and NASA determine the most attractive
technical concepts and necessary technology devel-
opments for future long-range high-speed civil trans-
ports (HSCT’s).

In response to the OSTP recommendations,
NASA has conducted technology integration studics
and experimental validation testing focused on inves-
tigating long-range HSCT cconomic feasibility and
technology requirements. The first phase of the cur-
rent HSCT study program involved an examination
of the factors influencing the choice of design Mach
number and range. Analytical design studies con-
ducted by NASA Langley Research Center have de-
fined a highly blended Mach 3.0 cruise configuration
sized to carry 250 passengers for 6500 n.mi. These
studies employed the linear potential flow theory for
the preliminary design and analysis to define the ba-
sic aerodynamic concept (ref. 8).

The primary objectives of the present study were
to experimentally determine the basic supersonic
aerodynamic characteristics of the HSCT configu-
ration described in reference 8 as wecll as to in-
vestigate nacelle effects and to assess theoretical
prediction methods. The experimental wind tunnel
investigations were conducted in both test sections
of the Langley Unitary Plan Wind Tunnel (UPWT).

Symbols
Anp nacelle base arca
Ayi nacelle internal wetted area
. s Axial force
Ca axial-force coefﬁcmnt,—T
: Dra
Cp drag coefficient, 7]35
Cp. chamber drag coefficient
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Tle

Tie

ACp/AC?E
ACL/Aa

nacelle internal drag coefficient,
Internal dra

g5
minimum drag coefficient
nacelle base drag coeflicient
compressible skin friction coefficient

incompressible skin friction
cocfficient

compressible flow factor

Lift

lift coefficient, p

pitching-moment coefficient,
Pitching‘ moment
qs¢e

pitching-moment coefficient at

Cr=0

t Normal force
)

normal-force coefficien p

pressure coefficient (cp in
appendix E)

nacelle base pressure coefficient
wing reference chord, 15.66 in.
acceleration due to gravity
lift-to-drag ratio

free-stream Mach number
theoretical mass flow ratio
free-stream dynamic pressure, 1b/ ft2
Reynolds number, per ft

wing reference area, 1.235 ft2

inlet capture area, 0.6355 in?

longitudinal distance from nosc of
model, in.

longitudinal leading-edge distance
from nose, in.

longitudinal trailing-edge distance
from nose, in.

spanwise distance from centerline,
in.

angle of attack, deg
drag-due-to-lift factor

lift-curve slopc at « =0

ACH /AC longitudinal stability level at

Cr=0
€ duct angularity, 0.9°
] dimensionless semispan location,

(eta in appendix E)

HSCT Concept Description

The configuration originated from a Mach 3.0
cruise transport conceptual study conducted by
NASA (ref. 8). As shown in figure 1, the configura-
tion employs a blended wing-body, a blunt parabolic
nose planform, a highly swept inboard wing panel,
and a moderately swept outboard wing panel with
curved wingtips. The planform was selected to min-
imize induced drag and wave drag due to lift while
maintaining adequate low-speed performance char-
acteristics. The compound-leading-edge planform
was designed to minimize the aerodynamic center
shift from takeoff to supcrsonic cruise speeds, and
the lifting forewing can provide large favorable flap-
trimming pitching moments. Nose planform blunting
was employed to reduce maximum sonic boom over-
pressure and to produce high initial upwash in which
the remainder of the wing might fly for improved drag
due to lift.

The inboard wing panel has a leading-edge sweep
of 79°, which produces a subsonic normal Mach
number at the Mach 3.0 cruise condition. Because
of the subsonic leading-edge normal Mach number,
relatively blunt leading edges were possible without
a substantial zero-lift wave drag penalty. A subsonic
leading edge and leading-edge bluntness result in an
insensitivity of leading-edge camber to supersonic
cruisc speed and of airfoil section performance to
wing camber. These two features allow for a fixed
wing geometry without leading-edge devices, which
in turn provides for a simpler and lighter inboard
wing panel.

The outboard wing panel is swept 53° with curved
wingtips. At low spceds and high angles of attack,
flow separation on a straight wingtip, leading to
a stalled flow over the outboard wing, is common
and tends to produce a severe pitch-up. Howcver,
this problem is relieved through controlled vortex
separation by curving the wingtip planform (ref. 9).
Other investigators have found (refs. 10 and 11)
that wings with curved tips also have substantially
better induced drag charactceristics. High-lift devices,
as incorporated into the conceptual design, were
not modeled for this test, since these devices were
designed for performance enhancement at subsonic
speeds. Table T contains an analytic description of



the wing planform geomectry. Coordinates for the
wing airfoil sections can be found in reference 12.

The original concept employed six engines
mounted in two nacelles on the wing lower surface
adjacent to the fuselage. The nozzles were set at a 5°
downward deflection so that the gross thrust vector
develops not only a lift vector component but some
induced circulation on the wing upper surface as well.
Subscquent unpublished analysis indicated that four
engines mounted in two nacelles on the wing lower
surface would provide for a more economically viable
aircraft; thus, the test nacclles were sized for two
engines per side and modified to provide constant-
areca flow-through with no turning from inlet to noz-
zle exit. The nacelle exterior mold lines characteristic
of a 5° downward deflection located close to the wing
trailing edge were retained.

Model Description and Test Techniques

The wind tunnel model is a 0.0098-scalc model
of the conceptual design (fig. 2). The afterbody
was truncated in order to permit a standard bal-
ancc/sting support arrangement. The model was fit-
ted with 59 pressure orifices, arranged in 4 rows span-
wise and 2 rows chordwise. The orificcs are located
on the upper and lower wing surfaces as shown in
figure 3 and defined in table II. A photograph of the
model installed in the Langley UPWT is shown in
figure 4. The basic dimensions for the nacelle geom-
etry are included in table I.

The tests were conducted in the high Mach
number and low Mach number test sections of the
UPWT, a variable-pressure, continuous-flow facility
(ref. 13). The Mach numbers ranged from 1.6 to 3.6
(Mach 1.6 and 2.0 were conducted in test section I
Mach 2.4, 2.8, 3.0, 3.2, and 3.6 were conducted in
test section IT) through an angle-of-attack range from
—4° to 10°. A unit Reynolds number of 2 x 108 per
ft and a stagnation temperature of 125° F were held
constant throughout the test. The tunnel dew point
was held sufficiently low to prevent any significant
condensation.

Transition strips of carborundum grit were lo-
cated 0.4 in. aft, measured streamwise, of the leading
edge of all wing surfaces. Transition strips were also
located on the outer and inner surfaces aft of the cn-
gine nacelle leading edge. One size grit was sclected
for all the Mach numbers tested in test scction 1
(no. 60) and another size for test section II (no. 45).
The grit size was selected to approximately match the
height of the laminar boundary layer at 0.4 in. aft of
the leading edge at Mach 2.0 and Mach 3.6. The size
and location were selected to ensure fully turbulent

boundary-layer flow over most of the model at all
test conditions according to the methods discussed
in references 14- 16.

An internally mounted, six-component, strain-
gauge balance was used to measure model forces and
moments. Surface pressure measurements were ob-
tained using electronically scanned pressure (ESP)
transducers, refcrenced to a vacuum. The aero-
dynamic coefficient accuracy based on uncertainties
of the key parameters used to determine the coeffi-
cients and the approximate overall accuracy of the
ESP system including calibration accuracy arc pre-
sented in table IIL

Corrections to the model angles of attack were
made for both tunncl airflow angularity and deflec-
tion of the model and sting support due to the acro-
dynamic load. Chamber-pressure measurements ob-
tained from four orifices located within the fuselage
cavity were used to adjust the drag coefficient to a
condition of free-stream static pressure at the model
base. Two of the orifices were located immediately
behind the balance on opposite sides of the sting and
two were located approximately 1 in. from the base
of the model, again on opposite sides of the sting.
The correction used was based on the average reading
from the four orifices. Estimates of nacelle internal
drag and nacelle base drag were subtracted from the
total drag. The nacelle internal drag was calculated
using the following cquation:

Cp,i = C5i(Cy/Cri)(Awi/S) cos(a + )
+2(S5:/8)(m/mx) sin®(a + ¢)

where the first term on the right is the internal skin-
friction drag calculated by using the Sommer-Short
T’ method from reference 17 and the second term is
an estimate of the drag component produced as the
flow ahead of the nacelle is turned through the angles
a and ¢ as used in reference 18. A sketch illustrat-
ing the angle ¢ is included in table I. The nacclle
base pressure was measured and used to calculate
the nacelle base drag (Cppp = —1(Cpnp)(Ans/S))-
Typical drag corrections are plotted in figure 5. The
complete correction list is presented in table IV and
appendix A.

Results and Discussion

The linear method (ref. 19) utilized here is
based on standard supersonic potential flow the-
ory (with attainable leading-edge thrust included)
for the inviscid lift-dependent characteristics, far
field wave drag (supersonic area rule) for inviscid
zero-lift wave drag, and the Sommer-Short T ref-
erence temperature method (ref. 17) for skin friction
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drag. The present linear theory does not accept non-
circular nacelles; therefore, circular nacelles with an
equivalent area distribution as the nacelles on the
conceptual model were modeled to obtain the linear
theory results.

Experimental data and linear theory estimates
for the longitudinal aerodynamic characteristics are
shown graphically in figures 6-12 for the range of
Mach number examined. The results at the cruise
Mach number, M = 3.0, will be discussed first fol-
lowed by a discussion of the aerodynamic trends
above and below the design Mach number. A com-
plete listing of the force and moment data obtained
from this test with nacelles on and off is presented in
appendix A.

Shown in figures 6(a) and 6(b) are the experi-
mental wind tunnel results at cruise, M = 3.0, com-
parcd with the linear theory estimates. Figure 6(a)
shows that at all angles of attack therc is a posi-
tive increment in lift coeflicient due to nacelle pres-
ence. Because thesce nacelle-induced lift effects occur
aft of the moment reference center, a negative incre-
ment in zero-lift pitching moment results, as does a
slightly stabilizing pitch-curve slope increment. An
additional contribution to the negative Cy,, incre-
ment is due to the nacelle axial force or drag that
occurs below the moment reference center. The con-
figuration has a negative static margin at C;, = 0
and experiences pitch-up at about C';, = 0.05. Linear
theory accurately predicts the incremental changes in
the lift due to the nacelles. Typical for linear theory,
it does not predict the pitch-up because of the lack
of vortex modeling. Results from an Euler solution
that more accurately predicts the pitching moment
and the stability trends of the configuration will be
shown later. The experimental drag characteristics
presented in figurc 6(b) show a zero-lift drag penalty
due to the addition of nacelles. However, due to the
favorable nacclle-interference lift characteristic dis-
cussed above, the drag due to lift decreases for the
nacclles-on case when compared with the nacelles-off
case. The addition of the nacelles results in a sizable
reduction (0.5 lift-to-drag ratio) in (L/D)max. Fur-
ther optimization studies are nceded to assess drag
increment due to nacelle addition, since very small
amounts of drag are so costly on HSCT’s.

The addition of nacelles causes a larger increase
in lift at the lower Mach numbers than at the higher
Mach numbers, as can be seen in figures 6-12, al-
though the drag increments due to the nacelles re-
main approximately the same at Cp = 0 for the
complete Mach number range. A break in the stabil-
ity level occurs at the lower Mach numbers. This
break becomes milder and occurs at lower lift as

4

Mach number increases to about 2.8. Experimental
(L/D)max values decreasc as Mach number increases,
from about 7 at the lower Mach numbers to about 6
at the higher Mach numbers. A summary of the ex-
perimental lift-curve slope, minimum drag, stability
level at C; = 0, and drag due to lift for the com-
plete Mach number range is shown in figures 13-16.
Typical effects of supersonic Mach number variation
occur as Mach number increases, lift-curve slope and
minimum drag decrease, and pitch-curve slope and
drag due to lift increasc.

Higher order theoretical prediction of the aero-
dynamic characteristics (Euler and Navier-Stokes)
are compared with the experimental data in figure 17.
The Euler results shown in figures 17 and 18 were
obtained using the method reported in reference 20.
This method uses an implicit marching technique tai-
lored to supersonic free-stream flow. The marching
is performed on a spherical coordinate system cen-
tered on the configuration apex with steps taken in
the radial direction. The solution is obtained at a
given marching step by using a node-centered, hybrid
finite-volume, central difference scheme with explicit
artificial viscosity. Computational grids are automat-
ically generated within the code at each marching
step.

The Navier-Stokes results shown in figures 17
and 18 were obtained using the method reported in
reference 21. In this method, the full Navier-Stokes
equations are simplified by making a thin-layer as-
sumption that includes the viscous terms only in the
direction normal to solid surfaces. Turbulence is ac-
counted for with eddy viscosity obtained from the
Baldwin-Lomax algebraic turbulence model. The
thin-layer, Reynolds-averaged, Navier-Stokes equa-
tions are discretized by a finite-volume method with
spatial derivatives expressed as central differences.
Steady-state solutions are obtained using a five-stage
Runge-Kutta scheme for iterating in pseudotime.
Previous analyses of this configuration by the above
methods have been reported in references 21-23. The
Navier-Stokes and Euler results shown here were ob-
tained from references 21 and 22, respectively.

Shown in figure 17 arc the comparisons of the the-
oretical and experimental longitudinal aerodynamic
characteristics at M = 3.0 without nacelles. It is
shown that linear theory accurately predicts lift. The
Euler and Navier-Stokes solutions accurately predict
both lift and drag for the complete Cp range.

This configuration was originally designed using
linear theory to be neutrally stable at M = 3.0; how-
ever, the wind tunnel results show that it has about
a 4-percent pitch-up (AC;,/AC) at this Mach



number (see fig. 14). The Euler solution accurately
predicts the stability trends of the configuration,
although the absolute pitching-moment values are
underpredicted. Navier-Stokes solutions for Cy, were
not available for comparison.

To further compare the theorctical results with
the experimental data, figure 18 shows the surface
pressure distributions at two spanwise locations, T =
15.6 and z = 20.7, at a = 5° along with the three
theoretical solutions at M = 3.0. The Navier-Stokes
solution predicted the mild expansion at the lead-
ing edge. The Euler and Navier-Stokes solutions
both accurately predicted the vortex-induced suction
pressure peak near 7 = 0.50. This vortex can be
seen in the vapor screen and oil flow photographs
at the same conditions in figure 19. The oil flow
photograph also shows the separation at the trailing
edge, illustrated by the oil accumulation. The vapor
screen photographs are compared with the Navier-
Stokes vortex system in figure 20. Additional vapor
screen and oil flow photographs are presented in ap-
pendixes B and C, respectively. A complete set of
pressure plots are shown in appendix D and the tab-
ulated pressure coefficients are presented in appen-
dix E on microfiche. (See back cover of report.)

Extrapolation to Full Scale

The extrapolation of wind tunne! drag data to
full-scale conditions includes corrections for both
drag due to lift and zero-lift drag. The zero-lift drag
corrections can be further subdivided into four cate-
gories: (1) the skin-friction-coefficient correction for
Reynolds number, (2) drag contribution due to full-
scale surface roughness, (3) drag-coefficient correc-
tion due to geometry differences between the model
and the full-scale airplane, and (4) grit drag neces-
sary to fix the boundary-layer transition in the wind
tunnel.

Zero-lift drag coeflicient increments applied to
the wind tunnel data are shown in table V. The
largest increment is the skin-friction-coefficient cor-
rection necessary to account for the boundary-layer
properties at the wind tunnel Reynolds number. The
skin-friction coefficient for the wind tunnel model was
calculated using the Sommer and Short 77 method
(ref. 17) at the test condition unit Reynolds num-
ber with the following assumptions: a fully turbu-
lent boundary layer; a surface emittance of 0.8; and
a surface sand grain roughness, for polished metal,
of 2 x 107° in. Friction drag of the full-scale con-
figuration was calculated using the same method for
an altitude of 65000 ft with the following assump-
tions: a fully turbulent boundary layer; a U.S. 1962
standard atmosphere; a surface emittance of 0.8; and

a surface sand grain roughness, for carefully applied
smooth matte paint, of 2.5x 10™4 in. The drag incre-
ment due to full-scale surface roughness and miscella-
neous surface defects was assumed to be 6 percent of
the airplane skin-friction drag across the supersonic
Mach number range (ref. 24). A geometry-related
drag increment was necessary because of model trun-
cation and a model thickness increase of 0.020 in.
due to manufacturing constraints. This geometry-
related drag increment included both zero-lift wave
drag (ref. 25) and skin friction drag (ref. 17) and
was applied to the wind tunnel data because of the
changes in the volume and wetted area of the model.
The last zero-lift drag increment to be applied to
the wind tunnel data was a grit drag correction es-
timated in accordance with reference 14. An empir-
ically derived drag-due-to-lift increment, calculated
by the method of reference 26, was also applied to the
wind tunnel data to account for Reynolds number ef-
fects on the attainable leading-edge thrust. Although
this increment is not large enough to significantly in-
fluence the extrapolated results, it was included for
completeness.

Because of possible nacelle geometry modeling
errors and the relatively large nacelle base area, all
drag corrections presented are for the nacelle-off wind
tunnel data. A trim drag increment was not assessed
because of the tailless design, in which the center
of gravity would be controlled by fuel transfer to
cffect longitudinal trim. As illustrated in figure 21,
applying these drag increments to the nacelle-off
wind tunnel data results in an extrapolated full-scale
(L/D)max of 7.9 compared with 6.3 for the wind
tunnel test at Mach 3.0. Also shown are the value
of C;, at cruise and the maneuver load factor limit of
2.5g for a transport category aircraft.

From the aerodynamic characteristics of the full-
scale configuration, as described in reference 8, linear
theory predicted (L/D)max = 9.4 at the reference
altitude of 40000 ft. For a direct comparison with
the extrapolated wind tunnel data, the predicted
drag polars were modified to the cruise altitude of
65000 ft and the increments due to nacelles and
vectored thrust were removed. Figure 22 presents
a comparison of the extrapolated wind tunnel data
with the predicted aerodynamic characteristics of
the full-scale configuration without nacelles. The
predicted value of (L/D)pax of 8.6 is shown to be
higher than the extrapolated wind tunnel data, with
better agreement at the lower lift coefficients.

Figure 22 indicates that linear theory tends to
underpredict the drag due to lift. This discrepancy is
due to overpredicted upwash and suction on the wing
along with some nonlinear effects. The application
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of a recently published empirical method (ref. 27) to
adjust the linear theory drag-due-to-lift prediction to
account for these discrepancies is shown in figure 23.
As can be seen, the value of (L/D)pax of 8.0 from
empirically corrected linear theory agrees better with
the experimental data. Employing these empirical
corrections during the design process would allow for
reduced camber and twist, thus producing a lighter
wing structure as well as lower drag due to lift at the
cruise lift coefficient.

Concluding Remarks

An investigation was conducted to determine
the supersonic aerodynamic characteristics of the
proposed NASA Langley Mach 3.0 high-speed civil
transport configuration. Testing was performed in
the Langlcy Unitary Plan Wind Tunnel at a Mach
number range between 1.6 and 3.6. Forces, moment,
and pressure data were obtained. The acrodynamic
effects from the presence of nacelles were also in-
vestigated. Theoretical analysis using linear theory,
Euler, and Navier-Stokes methods were compared
with experimental results. Extrapolation of the wind
tunnel data to full-scale conditions was performed
and compared with the preliminary predictions from
a linear method.

Experimental results show that maximum lift-
to-drag ratio results varied from about 7 at the
lower Mach numbers to about 6 at the higher Mach
numbers. An unstable break in the pitching moment
occurred at a lift coefficient of about 0.1 at Mach 1.6.
The break became milder and occurred at lower lift as

Mach number increased to about 2.8. Typical effects
due to engine nacelle addition were found to be an
increase in lift, an increase in drag, and a decrease in
lift-to-drag ratio.

Euler and Navier-Stokes results at Mach 3 showed
very good agreement with the experimental data for
lift, drag, pitching moment (Euler only), and surface
pressures. The lift-curve slope and drag polars pre-
dicted with the linear method originally used to de-
sign the configuration were generally in good agree-
ment with the experimental results over the Mach
number range tested. However, the stability charac-
teristics (trend and level) of the configuration were
not accurately predicted using linear theory. Al-
though the higher order methods were better for
predicting all the characteristics, the linear methods
used herein should continuc to serve as a valuable
aid in the preliminary design stages of high-speed
vehicles.

. Preliminary aerodynamic predictions were opti-
mistic for the full-scale configuration. Extrapolat-
ing wind tunnel data to full-scale conditions showed
linear theory underpredicted the drag due to lift.
Applying a recently published empirical method
to adjust the linear theory prediction resulted in
an cxcellent agrcement with the wind tunnel re-
sults, particularly at and below the design cruise lift
cocfficient.

NASA Langley Research Center
Hampton, VA 23681-0001
August 20, 1993



Table 1. Configuration Geometry

Wing:
Theoretical arca (reference) 2 G2 13
Span, in. . . . O £ 20 8¢
Mean aerodynamlc chord M. . oo 1066
Moment reference center, i, . . . . . . . . . . . L 0 o o e e e e e e e 19.33

Leading-cdge equations:
D<y < L3 o o v i e T} = 0.29y2
LI3<y <413 . . . . e e e e T = 5.43y — 3.06
413 <y <483 . . L . L e z)e = 1.90y + 11.53
483 <y <T28 . . L . . e T, = 4/3y + 14.26
728 <y <906 . . . . .. ..o e 1, = —10.33/9.10 —y + 28.80

Trailing-edge equations:
0<y <242 . . L L e e e e ... . Tte = 25.27
242 <y <423 . . L L L. L e e e e e Te T 0.457y + 24.16
423 <y <640 . . . . oo Te =0 52y + 23.89
640 <y <T.28 . . . . . e e THe = 0.5Ty + 23.56
728 <y <910 . . . . ..o THe = 0.79y + 21.99

Nacelles:

Length, in. . . . . PR 185 04
Inlet capture area (each) 3+ 2P O 8 157
Base area (each), in? . . . N VR % ¥4
Longitudinal distance from orlglndl nose of model to 11p of nacelle in. A O 22
Lateral distance from centerline of model to centerline of nacelle lip, in. . . . . . . . . . . . . %211
Vertical distance from model reference line to nacelle centerline,in. . . . . . . . . . . . . . . . 18]

Jetted area, in? . . S G X 441
Duct misalignment anglc £, deg AP | X

wind axis \7‘(?\\



Table I1. Pressure Orifice Locations

8.88

0.00
0.35
0.7
1.06
1.41
1.76
2.11

15.62

0.00
0.35
0.71
1.06
1.41
1.76
2.11
247
2.82
3.17
3.30

20.67

0.00
0.35
0.71
1.06
1.41
1.76
2.11
247
2.82
3.17
3.52
3.87
4.23
4.58

z y

*20.67 141

—-1.76

~2.11

~2.47

—2.82

*33.00 —0.40

—0.60

~0.80

~1.00

-1.20

—3.00

~3.20

—3.40

—3.60

—3.80

) —4.00

8.8 2.11
10.56
12.25
13.93
15.62
17.30
18.99
20.67

23.00 6.04
23.47
23.95
24.42
24.89

25.37 !

*Lower surface.




Table III. Accuracy?

(a) Aerodynamic coefficient accuracy

M Cn Cyu Cm cL Cp
16 £0.0010 £0.00014 £0.00009 £0.0010 £0.00025
2.0 +0.0012 +0.00016 +£0.00011 +0.0012 +£0.00024
2.4 +£0.0013 £0.00018 +£0.00012 £0.0013 £0.00024
2.8 +0.0014 +0.00019 +£0.00014 £0.0014 40.00025
3.0 +0.0014 +£0.00020 +0.00015 £0.0014 +0.00025
3.2 £0.0015 +£0.00021 +£0.00015 £0.0015 £0.00026
3.6 £0.0017 +0.00023 +0.00017 £0.0017 +0.00027

1A limited analysis was performed to estimate the absolute uncertainty of the aerodynamic coefficient values. The
coefficient uncertainties were based on uncertainties of the key parameters used to determine the coefficients. These
parameters are the balance loads, Mach number, total pressure, balance chamber pressure (for the axial force and drag
coefficient), and angle of attack. The method of reference 28 was used to calculate the uncertainty values shown in

table II(a). The coefficient uncertainties were determined at typical cruise angle of attack conditions (o = 2°).

(b) Overall accuracy of ESP system,
including calibration accuracy

M q Cp

1.6 454.8 +0.0066
2.0 448.5 +0.0066
2.4 419.1 +0.0072
2.8 378.8 +0.0097
3.0 357.2 +0.0084
3.2 335.6 +0.0089
3.6 293.7 +0.0102

repeatability of the data is estimated to be within half the absolute uncertainty.




Table IV. Nacelle Base Drag and Internal Flow Corrections

(a) Nacelle base drag correction

M CD,nb
1.6 0.0017
2.0 .0013
2.4 .0009
2.8 .0007
3.0 .0006
3.2 .0005
3.6 .0004

{b) Nacelle internal flow drag correction

c D, at—

fo! Mach 1.6 Mach 2.0 Mach 2.4 Mach 2.8 Mach 3.0 Mach 3.2 Mach 3.6
I~ 0.00 | 0.0004 0.0004 0.0004 0.0003 0.0003 0.0003 0.0003
1.00 .0004 .0004 .0004 .0004 .0003 .0003 .0003
2.00 .0005 .0004 .0004 .0004 .0004 .0004 .0003
3.00 .0005 .0005 .0004 .0004 .0004 .0004 .0004
4.00 .0005 .0005 .0005 .0005 .0005 .0004 .0004
6.00 .0007 .0006 .0006 .0006 .0006 .0006 .0006
8.00 .0008 .0008 .0008 .0008 .0008 .0008 .0008
10.00 .0010 .0011 .0011 .0011 .0011 .0011 .0012

10




Table V. Zcro-Lift Drag Coefficient Increments
Applied to Wind Tunnel Data

Drag increment
1. Skin friction drag:

Model 0.00555
Full scale 0.00260
—0.00295
2. Roughness drag 0.00018
3. Geometry-related drag:
Wave drag:
Model ' ST 0.00172
Full scale 0.00171
0.00001
Skin friction drag!:
Model 0.00525
Full scale ~ 0.00555
0.00030
0.00029
4. Grit drag —0.00026
Total —0.00274

YAt tunnel Reynolds number.

11



Figure 1. Artist’s illustration of the NASA HSCT concept.
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Figure 5. Typical chamber, nacelle internal flow, and nacelle base drag corrections.



Configuration

Data - nacelles off
Data - nacelles on
Linear theory - nacelles off
Linear theory - nacelles on

(a) Longitudinal acrodynamic characteristics.

Figure 6. Wind tunnecl results and lincar theory predictions. M = 3.0.
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{(b) Drag polar and L/D plots.

Figure 6. Concluded.
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Linear theory - nacelles on

(a) Longitudinal acrodynamic characteristics.

Figure 7. Wind tunnel results and linear theory predictions. M = 1.6.
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Linear theory - nacelles off
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(b) Drag polar and L/D plots.

Figure 7. Concluded.
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(a) Longitudinal aerodynamic characteristics.

Figure 8. Wind tunnel results and linear theory predictions. M = 2.0.
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(b) Drag polar and L/D plots.

Figure 8. Concluded.
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(a) Longitudinal aerodynamic characteristics.

Figure 9. Wind tunnel results and linear theory predictions. M = 2.4,
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Lincar theory - nacelles on

(b) Drag polar and L/D plots.

Figure 9. Concluded.
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(a) Longitudinal acrodynamic characteristics.

Figure 10. Wind tunnel results and linear theory predictions. M = 2.8.
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(b) Drag polar and L/D plots.

Figure 10. Concluded.
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(a) Longitudinal aerodynamic characteristics.

Figure 11. Wind tunnel results and lincar theory predictions. M = 3.2.
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(b) Drag polar and L/D plots.

Figure 11. Concluded.
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(a) Longitudinal aerodynamic characteristics.

Figure 12. Wind tunnel results and linear theory predictions. M = 3.6.
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(b) Drag polar and L/D plots.

Figure 12. Concluded.
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Figure 13. Experimental lift-curve slope at a = 0.
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Figurc 14. Experimental minimum drag,.
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Figure 15. Experimental stability level at C, = 0.
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Figure 16. Experimental drag-due-to-lift factor.
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Figure 17. Experimental and theoretical results at A = 3.0, nacelles off.
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O Wind tunnel
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Figure 21. Extrapolation of wind tunnel data to full-scale flight conditions at Mach 3.0 and an altitude of
65000 ft.
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Figure 22. Extrapolated wind tunnel data and predicted acrodynamic characteristics of full-scale configuration
at Mach 3.0 and an altitude of 65000 ft.
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Figure 23. Extrapolated wind tunnel data and empirically corrected predicted aerodynamic characteristics of
full-scale configuration at Mach 3.0 and an altitude of 65000 ft.

41



Appendix A

Forces and Moments Listing

42

-3.59
—-2.59
-1.59
—0.59
0.45
1.42
2.40
3.54
4.52
5.48
6.43
8.51
10.46

—-3.65
—2.62
—-1.69
—0.66
0.39
1.41
2.37
3.36
4.41
5.41
6.35
8.40

—-3.77
-2.73
-1.75
-0.79
0.25
1.26
2.26
3.24
4.24
5.29
6.23
8.25
10.28

Table Al. Nacelles Off; R = 2 x 10%; § = 1.235 ft2; ¢ = 15.66 in.

Cr
-0.0797
—0.0483
—0.0147

0.0159
0.0499
0.0798
0.1121
0.1523
0.1865
0.2180
0.2496
0.3144
0.3750

-0.0674
—-0.0384
—0.0138
0.0155
0.0452
0.0736
0.1003
0.1298
0.1598
0.1881
0.2146
0.2700

Cr
—-0.0611
—0.0354
-0.0100

0.0130
0.0390
0.0652
0.0892
0.1153
0.1403
0.1670
0.1895
0.2365
0.2847

Cp
0.01345
0.01158
0.01073
0.01072
0.01147
0.01302
0.01563
0.02077
0.02684
0.03359
0.04135
0.06158
0.08491

Cp
0.01264
0.01086
0.01007
0.01002
0.01071
0.01225
0.01465
0.01876
0.02423
0.03024
0.03683
0.05384

Cp
0.01221
0.01048
0.00957
0.00958
0.01018
0.01160
0.01390
0.01751
0.02203
0.02770
0.03344
0.04812
0.06671

Mach 1.6
Cm L/D
0.01470 -5.93
0.01333 —-4.17
0.01195 -1.37
0.01061 1.48
0.00919 4.35
0.00807 6.13
0.00713 7.17
0.00787 7.33
0.00954 6.95
0.01146 6.49
0.01397 6.04
0.02086 5.11
0.02765 4.42

Mach 2.0
Cm L/D
0.01249 —5.33
0.01219 —3.54
0.01174 -1.37
0.01133 1.55
0.01104 4.22
0.01094 6.01
0.01115 6.85
0.01250 6.92
0.01444 6.59
0.01635 6.22
0.01842 5.83
0.02389 5.02

Mach 2.4
Cin L/D
0.00833 —5.01
0.00881 —-3.38
0.00910 —1.05
0.00924 1.36
0.00954 3.83
0.01009 5.62
0.01078 6.41
0.01241 6.58
0.01417 6.37
0.01632 6.03
0.01829 5.67
0.02287 4.91
0.02829 4.27

Cy
—0.0804
—(0.0488
—0.0150

0.0158
0.0500
0.0801
0.1127
0.1532
0.1881
0.2202
0.2526
0.3200
0.3841

Cn
—0.0681
—0.0389
—0.0141

0.0154
0.0452
0.0739
0.1008
0.1306
0.1612
0.1901
0.2174
0.2750

Cn
—0.0618
-0.0359
—0.0103

0.0129
0.0390
0.0654
0.0896
0.1161
0.1416
0.1688
0.1920
0.2409
0.2920

Ca
0.00844
0.00939
0.01032
0.01088
0.01107
0.01105
0.01093
0.01133
0.01207
0.01262
0.01313
0.01439
0.01541

Ca
0.00832
0.00909
0.00966
0.01020
0.01040
0.01043
0.01049
0.01113
0.01189
0.01237
0.01286
0.01380

Cy
0.00816
0.00878
0.00926
0.00976
0.01001
0.01016
0.01038
0.01097
0.01160
0.01218
0.01268
0.01371
0.01482

CD,C
0.00134
0.00136
0.00138
0.00139
0.00139
0.00139
0.00141
0.00145
0.00148
0.00152
0.00159
0.00172
0.00180

CD,C
0.00128
0.00130
0.00132
0.00134
0.00136
0.00138
0.00141
0.00141
0.00142
0.00144
0.00149
0.00159

CD,C
0.00100
0.00099
0.00099
0.00099
0.00100
0.00100
0.00101
0.00101
0.00102
0.00104
0.00105
0.00107
0.00110



—3.68
—2.69
-1.74
—0.67
0.29
1.28
2.29
3.29
4.30
5.30
6.30
8.29
10.34

-3.73
—2.74
-1.72
-0.72
0.26
1.30
224
3.28
4.30
5.26
6.28
8.26
10.23

—4.67
-3.68
—2.65
—1.68
—0.64
0.32
1.30
2.34
3.33
4.31
5.34
7.33
9.30

—0.0510
—0.0283
—0.0074
0.0177
0.0393
0.0622
0.0847
0.1066
0.1287
0.1507
0.1721
0.2133
0.2553

Cr
—0.0490
—0.0274
—0.0044

0.0169
0.0377
0.0612
0.0810
0.1028
0.1241
0.1429
0.1636
0.2031
0.2414

—0.0636
—0.0443
—0.0230
—0.0038
0.0171
0.0369
0.0579
0.0785
0.0980
0.1173
0.1371
0.1746
0.2121

Cp
0.01110
0.00958
0.00894
0.00884
0.00967
0.01117
0.01347
0.01672
0.02081
0.02574
0.03121
0.04441
0.06091

Cp
0.01076
0.00935
0.00853
0.00860
0.00936
0.01096
0.01312
0.01629
0.02032
0.02463
0.03002
0.04244
0.05770

Cp
0.01208
0.01021
0.00878
0.00814
0.00826
0.00906
0.01071
0.01296
0.01591
0.01951
0.02389
0.03457
0.04810

Table Al. Continued

Mach 2.8
Cm L/D
0.00737 —4.59
0.00805 —2.95
0.00847 —0.82
0.00905 2.00
0.00962 4.07
0.01045 5.57
0.01164 6.29
0.01308 6.37
0.01482 6.19
0.01675 5.85
0.01866 5.51
0.02283 4.80
0.02738 4.19

Mach 3.0
Cm L/D
0.00668 —4.55
0.00751 —2.93
0.00831 —0.52
0.00902 1.96
0.00980 4.03
0.01080 5.59
0.01199 6.17
0.01349 6.31
0.01516 6.11
0.01678 5.80
0.01872 5.45
0.02266 4.79
0.02682 4.18

Mach 3.2
Cm L/D
0.00577 —5.27
0.00678 —4.34
0.00765 —2.62
0.00826 -0.47
0.00898 2.08
0.00969 4.07
0.01061 5.40
0.01164 6.05
0.01291 6.16
0.01431 6.01
0.01572 5.74
0.01885 5.05
0.02248 4.41

Cn
—0.0516
—0.0287
—0.0076

0.0176
0.0394
0.0624
0.0852
0.1073
0.1299
0.1524
0.1745
0.2174
0.2620

Cn
—0.0496
—-0.0278
—0.0047

0.0168
0.0378
0.0615
0.0814
0.1036
0.1252
0.1446
0.1659
0.2071
0.2478

—0.0644
—0.0448
—0.0234
—0.0040
0.0170
0.0370
0.0581
0.0790
0.0987
0.1185
0.1387
0.1776
0.2171

Cy
0.00781
0.00824
0.00871
0.00904
0.00947
0.00977
0.01007
0.01057
0.01111
0.01171
0.01215
0.01320
0.01411

Ca
0.00755
0.00803
0.00839
0.00881
0.00919
0.00957
0.00995
0.01038
0.01097
0.01142
0.01196
0.01281
0.01392

Cy
0.00685
0.00734
0.00771
0.00802
0.00845
0.00886
0.00939
0.00975
0.01019
0.01063
0.01102
0.01202
0.01317

CD,C
0.00080
(0.00080
0.00080
0.00080
0.00080
0.00080
(0.00080
0.00080
0.00081
0.00081
0.00082
0.00083
0.00085

CD,C
0.00071
0.00070
0.00071
0.00071
0.00071
0.00071
0.00071
0.00071
0.00071
0.00072
0.00072
0.00073
0.00074

CD,(:
0.00061
0.00061
0.00061
0.00062
0.00062
0.00062
0.00062
0.00062
0.00062
0.00062
0.00062
0.00063
0.00063
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-3.70
—2.66
—1.72
—-0.75
0.30
1.27
2.30
3.29
4.30
5.26
6.26
8.29
10.28

—0.0395
—0.0200
—(0.0026
0.0157
0.0351
0.0527
0.0725
0.0904
0.1081
0.1247
0.1412
0.1759
0.2103

Cp
0.00935
0.00801
0.00745
0.00767
0.00849
0.01000
0.01219
0.01492
0.01838
0.02215
0.02665
0.03812
0.05190

Table Al. Concluded

Mach 3.6

Cm L/D
0.00621 —4.23
0.00724 —2.50
0.00815 —-0.35
0.00915 2.05
0.01023 4.13
0.01132 5.27
0.01267 5.95
0.01403 6.06
0.01551 5.88
0.01699 5.63
0.01856 5.30
0.02225 4.61
0.02609 4.05

Cy
—0.0401
—0.0204
—0.0028

0.0156
0.0351
0.0529
0.0729
0.0911
0.1092
0.1262
0.1433
0.1796
0.2162

Cy
0.00677
0.00708
0.00737
0.00787
0.00831
0.00883
0.00927
0.00971
0.01022
0.01062
0.01109
0.01235
0.01353

CD,C
0.00049
0.00049
0.00049
0.00049
0.00049
0.00050
0.00050
0.00050
0.00050
0.00050
0.00050
0.00049
0.00049



—3.80
—2.72
-1.71
-0.79
0.21
1.29
2.30
3.22
4.26
5.23
6.31

—3.61
—2.67
—1.68
—0.67
0.44
1.40
2.33
3.38
4.42
5.41
6.40
8.37

—-3.72
—2.76
—1.78
-0.77
0.28
1.28
2.27
3.28
4.22
5.27
6.28
8.27
10.28

Table A2. Nacelles On; R = 2 x 105; S = 1.235 ft%; ¢ = 15.66 in.

CL
—-0.0718
—0.0373
—0.0030

0.0258
0.0563
0.0915
0.1259
0.1547
0.1932
0.2257
0.2634

Cr
—0.0545
—0.0277
—0.0005

0.0277
0.0594
0.0868
0.1138
0.1446
0.1751
0.2030
0.2328
0.2855

—0.0515
—0.0275
—0.0025
0.0233
0.0500
0.0763
0.1005
0.1270
0.1519
0.1775
0.2030
0.2507
0.2982

Cp
0.01462
0.01268
0.01190
0.01205
0.01296
0.01494
0.01795
0.02183
0.02841
0.03537
0.04458

Cp
0.01345
0.01202
0.01141
0.01160
0.01274
0.01453
0.01709
0.02167
0.02752
0.03383
0.04134
0.05848

Cp
0.01321
0.01176
0.01110
0.01124
0.01216
0.01388
0.01644
0.02036
0.02507
0.03089
0.03747
0.05278
0.07159

Mach 1.6
Cm L/D
0.01087 —4.91
0.00928 ~-2.94
0.00762 -0.25
0.00617 2.15
0.00453 4.34
0.00313 6.12
0.00228 7.01
0.00213 7.09
0.00398 6.80
0.00565 6.38
0.00823 5.91

Mach 2.0
Cm L/D
0.00845 —4.05
0.00821 -2.30
0.00761 —0.04
0.00706 2.39
0.00650 4.66
0.00619 5.97
0.00627 6.66
0.00749 6.67
0.00927 6.36
0.01117 6.00
0.01339 5.63
0.01853 4.88

Mach 2.4
Cm L/D
0.00578 -3.90
0.00611 —2.34
0.00626 —0.22
0.00638 2.07
0.00655 4.11
0.00683 5.50
0.00750 6.11
0.00892 6.23
0.01062 6.06
0.01236 5.74
0.01444 5.42
0.01865 4.75
0.02331 4.16

Cn
-0.0729
—0.0380
—-0.0035

0.0256
0.0563
0.0919
0.1267
0.1559
0.1952
0.2284
0.2672

Cn
—0.0555
—0.0284
—0.0009

0.0275
0.0595
0.0873
0.1146
0.1458
10.1770
0.2057
0.2363
0.2916

—0.0525
—0.0281
—-0.0029
0.0231
0.0501
0.0767
0.1011
0.1281
0.1536
0.1798
0.2062
0.2562
0.3068

Ca
0.00973
0.01083
0.01177
0.01239
0.01276
0.01290
0.01291
0.01316
0.01407
0.01478
0.01556

Ca
0.00995
0.01070
0.01138
0.01193
0.01230
0.01244
0.01249
0.01318
0.01406
0.01473
0.01540
0.01670

Cy
0.00979
0.01039
0.01100
0.01154
0.01192
0.01218
0.01250
0.01314
0.01392
0.01463
0.01527
0.01659
0.01789

CD,C
0.00152
0.00158
0.00164
0.00167
0.00171
0.00175
0.00180
0.00185
0.00189
0.00195
0.00201

CD,C
0.00133
0.00136
0.00139
0.00143
0.00147
0.00152
0.00156
0.00158
0.00161
0.00163
0.00167
0.00174

CD,C
0.00106
0.00107
0.00107
0.00107
0.00107
0.00108
0.00109
0.00109
0.00110
0.00111
0.00112
0.00113
0.00116

45



—-3.72
-2.70
-1.65
—0.68
0.36
1.35
2.36
3.32
4.33
5.35
6.31
8.33
10.32

-3.73
—2.68
-1.76
-0.77
0.28
1.31
2.34
3.29
4.28
5.23
6.22
8.28
10.28

8

—3.88
—2.89
—1.89
—0.90
0.09
1.12
2.10
3.11
4.10
5.12
6.12
8.14
10.13
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—0.0442
—0.0220
0.0034
0.0259
0.0504
0.0736
0.0955
0.1171
0.1398
0.1619
0.1830
0.2263
0.2683

—0.0419
—0.0190
0.0016
0.0237
0.0470
0.0702
0.0922
0.1122
0.1332
0.1527
0.1729
0.2157
0.2555

Cr
—-0.0417
—0.0210
—0.0010

0.0198
0.0406
0.0622
0.0823
0.1017
0.1227
0.1422
0.1622
0.2016
0.2393

Cp
0.01223
0.01092
0.01029
0.01056
0.01168
0.01352
0.01613
0.01949
0.02397
0.02909
0.03483
0.04892
0.06577

Cp
0.01190
0.01057
0.00995
0.01022
0.01125
0.01317
0.01573
0.01891
0.02312
0.02767
0.03313
0.04689
0.06311

Cp
0.01151
0.01025
0.00953
0.00966
0.01058
0.01237
0.01462
0.01765
0.02151
0.02597
0.03120
0.04398
0.05915

Table A2. Continued

Mach 2.8
Cm L/D
0.00531 -3.61
0.00585 —-2.02
0.00635 0.33
0.00663 2.45
0.00712 4.31
0.00788 5.44
0.00880 5.92
0.01006 6.01
0.01164 5.83
0.01333 5.57
0.01503 5.25
0.01886 4.63
0.02290 4.08

Mach 3.0
Cm L/D
0.00480 -3.52
0.00555 —-1.79
0.00623 0.16
0.00677 2.32
0.00735 4.18
0.00827 5.33
0.00941 5.86
0.01061 5.93
0.01203 5.76
0.01350 5.52
0.01514 5.22
0.01883 4.60
0.02262 4.05

Mach 3.2
Cm L/D
0.00483 -3.62
0.00559 -2.05
0.00628 -0.10
0.00679 2.05
0.00732 3.83
0.00804 5.03
0.00884 5.63
0.00981 5.76
0.01106 5.71
0.01221 5.47
0.01354 5.20
0.01656 4.58
0.01997 4.04

Cn
—0.0450
—0.0226

0.0030
0.0257
0.0505
0.0740
0.0962
0.1182
0.1414
0.1641
0.1860
0.2314
0.2762

Cn
—0.0427
—0.0195

0.0012
0.0236
0.0471
0.0705
0.0928
0.1133
0.1347
0.1548
0.1757
0.2206
0.2632

Cn
—0.0425
—0.0216
-0.0013

0.0196
0.0406
0.0625
0.0828
0.1026
0.1241
0.1441
0.1648
0.2061
0.2464

Ca
0.00930
0.00985
0.01038
0.01087
0.01138
0.01182
0.01224
0.01276
0.01347
0.01406
0.01477
0.01610
0.01740

Cy
0.00911
0.00965
0.00998
0.01054
0.01103
0.01158
0.01201
0.01253
0.01325
0.01383
0.01449
0.01580
0.01728

Ca
0.00863
0.00916
0.00949
0.00997
0.01053
0.01117
0.01164
0.01219
0.01282
0.01340
0.01401
0.01546
0.01696

CD,C
0.00081
0.00082
0.00082
0.00082
0.00082
0.00082
0.00082
0.00083
0.00083
0.00083
0.00083
0.00084
0.00086

CD,c
0.00072
0.00072
0.00072
0.00073
0.00072
0.00072
0.00073
0.00072
0.00072
0.00073
0.00072
0.00072
0.00073

CD,c
0.00062
0.00062
0.00062
0.00063
0.00062
0.00062
0.00062
0.00062
0.00063
0.00063
0.00061
0.00061
0.00063



—-3.72
—2.72
-1.73
-0.71
0.32
1.30
2.31
3.28
4.30
5.28
6.30
8.27
10.31

—0.0343
—0.0155
0.0034
0.0225
0.0417
0.0599
0.0803
0.0975
0.1163
0.1337
0.1513
0.1860
0.2228

Cp
0.01041
0.00928
0.00887
0.00920
0.01033
0.01207
0.01450
0.01728
0.02107
0.02526
0.03031
0.04202
0.05695

Table A2. Concluded

Mach 3.6

Cm L/D
0.00468 -3.30
0.00558 —1.67
0.00652 0.39
0.00740 2.44
0.00832 4.03
0.00928 4.96
0.01040 5.53
0.01153 5.64
0.01280 5.52
0.01411 5.29
0.01564 4.99
0.01873 4.42
0.02224 391

Cn
—0.0350
—0.0159

0.0031
0.0223
0.0418
0.0602
0.0808
0.0984
0.1177
0.1356
0.1539
0.1904
0.2298

Cy
0.00813
0.00851
0.00896
0.00948
0.01012
0.01073
0.01131
0.01177
0.01244
0.01306
0.01382
0.01537
0.01702

CD,c
0.00045
0.00045
0.00045
0.00046
0.00046
0.00046
0.00046
0.00046
0.00046
0.00046
0.00045
0.00046
0.00047
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Appendix B
Vapor Screen Photographs

Vapor screcen photographs are shown for—
M = 1.6, = 5° at the following z locations:

x = 15.6 without nacelles
20.7 without nacelles
29.5 without nacelles
29.5 with nacelles

M =3.0,a = 1°,3°, and 5° at the following z locations:

r = 15.6 without nacelles
20.7 without nacelles
29.5 without nacelles
29.5 with nacelles

M =3.0, a = 8°, and 10° at the following z locations:

z = 20.7 without nacelles
23.0 without nacelles
29.5 without nacelles
29.5 with nacelles
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Figure B1.

it

=15.6

x=20.7

x=29.5

Vapor screen photographs. Mach 1.6; a = 5°.
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=15.6

x=20.7

)= = =

N—  Xx=29.5

-

—

x=29.5

1

Figure B2. Vapor screen photographs. Mach 3.0; « = 1°.
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Figure B3. Vapor screen photographs. Mach 3.0; o = 3°.

x=29.5
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A -

x=20.7

Figure B4. Vapor screen photographs. Mach 3.0; a = 5°.
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x=20.7

x=23.0

v~  x=29.5

~

Figure B5. Vapor screen photographs. Mach 3.0; a = 8°.
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x=20.7
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x=23.0
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A\ § X=29.5
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e

X=29.5

~
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Figure B6. Vapor screen photographs. Mach 3.0; a = 10°.
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Appendix C
Oil Flow Photographs
Oil flow photographs are shown at the following conditions—

M =16 and M =3.0

Top view

Nacelles off
a=-1°,a=1° a=3% and a =5°

M=30

Bottom view

Nacelles off and on
a=-1°,a=1° o =3 and a =5°
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Appendix D

Surface Pressure Plots

Surface pressures were plotted for the following conditions- -

60

M = 1.6,2.0,2.4,2.8,3.0,3.2, and 3.6
a = —4°-10°

z = 8.88,15.62,20.67,20.67 (lower surface), and 23.00
y = 2.11 and 6.04

With and without nacelles
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Figure D1. Surface pressure distributions. Mach 1.6; nacelles off.
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1.0

15.62

4
X =

1.0

o Q= ST, S L I 1)
90990900.09%%%
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1.0

20.67

4
X

Figure D2. Surface pressure distributions. Mach 2.0; nacelles off.
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Figure D2. Concluded.
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Figure D3. Surface pressure distributions. Mach 2.4; nacelles off.
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Figure D3. Concluded.
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Figure D4. Surface pressure distributions. Mach 2.8; nacelles off.
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Figure D5. Surface pressure distributions. Mach 3.0; nacelles off.
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Figure D5. Concluded.
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Figure D6. Surface pressure distributions. Mach 3.2; nacelles off.
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Figure D7. Surface pressure distributions. Mach 3.6; nacelles off.
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Figure D7. Concluded.

74



1.0

n
X = 8.88

15.62

X=

NOMNMNDNMNOOLWLW O O O

10.04

oOodQA440a0d®B®

1.0

Figure D8. Surface pressure distributions. Mach 1.6; nacelles on.
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Figure D8. Concluded.
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Figure D9. Surface pressure distributions. Mach 2.0; nacelles on.
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Figure D9. Concluded.
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Figure D10. Surface pressure distributions. Mach 2.4; nacelles on.
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Figure D10. Concluded.
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Figure D11. Surface pressure distributions. Mach 2.8; nacelles on.
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Figure D11. Concluded.
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Figure D12. Surface pressure distributions. Mach 3.0; nacelles on.

1.0

83



n
x = 23.00 (lower surface)

-5 -5
-4 -4
-3 -3
-2 -2
Cp Cp
-1 1
2 | |
2 4 " 6 8
x = 20.67 (lower surface)
-5 -5
-4 -4
-3 -3
-2 -2
Cp Cp

-1

0

A

2 | | L 2

0 .2 4 6 8 0
x/c
y=211

84

Figure D12. Concluded.
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Figure D13. Surface pressure distributions. Mach 3.2; nacelles on.
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Figure D13. Concluded.
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Figure D14. Surface pressure distributions. Mach 3.6; nacelles on.
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Appendix E
Tabulated Surface Pressures

The surface pressures are tabulated in the microfiche supplement for the following conditions- -
M =16,2.0,2.4,2.8,3.0,3.2, and 3.6
a = —4°-10°
T = 8.88,15.62,20.67,20.67 (lower surface), and 23.00
y = 2.11 and 6.04

With and without nacelles
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