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| AN INVESTIGATION OF THE AERODYNAMIC CHARACTERISTICS
AT TRANSONIC MACH NUMBERS OF A SWEPT-WING
SUPERSONIC BOMBER CONFIGURATION

By Ralph P. Bielat and J. Lawrence Cooper
SUMMARY
An investigation of the aerodynamic characteristics of a swept-wing

4L7° sweepback of the 0.25-chord line, and airfoil sections which were

supersonic bomber configuration was conducted in the Langley 8-foot tran-
sonic tunnel. The wing had an aspect ratio of 3.5, a taper ratio of 0.2,

5.5 percent thick parallel to the plane of symmetry. The results reported

herein consist of the longitudinal force characteristics of the complete

model and of various combinations of its components. The effects of wing

incidence, a modified wing, various auxiliary wing devices, and horizontal-
- tail height are also presented. The Mach number range extended from 0.70

to approximately 1.11, and the Reynolds number based on the wing mean aero-

dynamic chord varied from 2.60 x 106 to 9.95 % 106.

The drag rise of the complete model occurred at a Mach number of 0.96,
and the drag at transonic speeds increased over that at low speeds by a

factor of 2.0. The value of trimmed maximum lift-drag ratio (L/D)pax

for the complete model decreased markedly through the transonic range;
however, there was only a small increase in the 1ift coefficient for
trimmed (L/D),,, through the Mach number range.

Both the elevator and stabilizer effectiveness decreased through the

transonic speed range; however, the loss in elevator effectiveness was
about four times that noted for the stabilizer.

The model indicated pitch-up instebility at 1lift coefficients near
0.6 through the Mach number range. A conmbination of leading-edge chord-

extensions and a low position of the horizontal tail eliminated the
pitch-up instability at a Mach number of 0.70 and reduced it at a Mach
number of 0.90. Above a Mach number of 0.93, the leading-edge chord-

| extensions caused a slight delay in the pitch-up instability; and, gen-

erally, raising the horizontal tail above the extended wing-root-chord
plane aggravated the pitch-up instability at 1ift coefficients above
about 0.6.
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The rate of change of effective downwash angle with angle of attack
for the complete model with the horizontal tail located 0.06 semispan
above the extended wing-root-chord plane was about the same for the angle-
of-attack range from -5° to 6° through the Mach nunber range and had a
value less than 1.0. The downwash derivative for the model with buried
nacelles and horizontal tail located 0.27 semispan above the extended
wing-root-chord plane in the angle-of-attack range from 6° to 12° was
approximately twice that at angles of attack from -6° to 1° for subsonic
Mach numbers and had a value greater than 1.0 for Mach numbers from 0.70
to 1.03; therefore, it had a destabilizing effect on the model at pitch-up.

INTRODUCTION

An investigation of a swept-wing supersonic bomber configuration has
been made at supersonic speeds in the Langley L4- by L-foot supersonic
pressure tunnel (ref. 1) and at transonic speeds in the Langley 8-foot
transonic tunnel. The present paper presents the results of the inves-
tigation at transonic speeds.

The results reported herein consisted of the longitudinal character-
istics of the complete model and of various combinations of its compo-
nents. The effects of a modified wing, various auxiliary wing devices,
and of horizontal-tail height are also presented. The Mach number range
extended from 0.70 to approximately 1.11, and the Reynolds number range

extended from 2.60 X 106 EORZACHX 106 based on the wing mean aerodynamic
chord.

SYMBOLS
Ay inlet area of ducts located in leading edge of wing root
b wing span
c wing-section chord
c wing mean aerodynamic chord
Cp drag coefficient, D/qS
CDmin minimum drag coefficient
CL, 11ft coefficient, L/qS
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lift-curve slope per degree, dCr/da
pitching-moment coefficient, M'355/q86
static-longitudingl-stability parameter, de/dCL

elevator effectiveness parameter, acm/BS

stabilizer effectiveness parameter, aCm/Bit

drag

height of horizontal tail above extended wing-root-chord line

incidence angle of stabilizer chord line with respect to fuse-
lage center line, positive when trailing edge is down

incidence angle of wing chord line with respect to fuselage
center line

ali o
lift-drag ratio
Mach number

pitching moment of aerodynamic forces referred to 35-percent-
chord station of wing mean aerodynamic chord

maés—flow rate

free-stream dynamic pressure, poV%/2

Reynolds number based on ¢

wing area

free-stream velocity

angle of attack of fuselage center line
effective downwash angle

deflection angle of elevator chord line with respect to sta-
bilizer chord line, positive when trailing edge is down
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0y free-stream density

I dihedral angle

APPARATUS AND MODELS

Tunnel

The tests were conducted in the Langley 8-foot transonic tunnel,
which is a dodecagonal, slotted-throat, single-return wind tunnel. This
tunnel is designed to obtain aerodynamic data through the speed of sound
without the usual effects of choking and blockage. The tunnel operates

at atmospheric stagnation pressures. A more complete description of the
tunnel can be found in reference 2.

Models

A three-view drawing of the model is given in figure 1 and a photo-
graph of it is shown in figure 2. The geometric characteristics of the
model are presented in table I. The construction of the model was such
that various components could be tested in combination. Symbols used to
designate the various components of the model are given in table II.

Fuselage.- The fuselage B had a fineness ratio of 14.35. The fuse-
lage could be shortened by the removal of a 4-inch section (P1g. 1)
between the midsection and afterbody, therefore making it possible to
conduct some tests of the model with a shortened fuselage (By) of fine-
ness ratio 12.96. The rear end of the fuselage was of an arbitrary shape
to accommodate a sting of adequate size for the loads involved.

Wing.- Two wings were tested: a basic wing W and a modified
wing W). (See igat/e7 3.) The basic wing had an aspect ratio of 3.5, a
taper retio of 0.2, 47° sweepback of the qugrter-chord line, and twist

which varied linearly across the span to 2% washout at the tip. The

airfoil section was 5.5 percent thick measured parallel to the plane of
symmetry. For the most part, the wing was tested at 4° incidence and

0° dihedral (W), although some tests were conducted with 2° incidence and
0° dihedral (W2). The lower inboard section of the wing was removable

for the installation of buried nacelles Ny which had an air inlet in
the leading edge of the wing root (W5). (See fig. 2.) The leading-edge

wing-root inlet was divided into two ducted passages as indicated in fig-
ure 4 and then exhausted through circular ducts at the rear of the buried
nacelles. Air was permitted to flow through the ducts; however, no
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provisions were made to control the flow quantity through the ducts.
Airfoil coordinates for the basic wing W are given in table IIT.

The modified and basic wings were identical over the inboard 50 per-
cent of the wing semispan. From the 80- to 100-percent-semispan stations,
the forward 15 percent of the basic wing (fig. 3) was modified by adding
the il camber of an NACA 230-series airfoil section to the mean line
of the basic wing. (The mean line of the basic wing and the 230-series
camber line were tangent at the 15-percent-chord station.) From the
50- to 80-percent-semispan stations, the amount of camber which was added
to the basic wing mean line varied in an arbitrary manner. Airfoil coor-
dinates for the modified wing W) are presented in table IV.

Since the results of reference 53 indicated pitch-up instability at
1ift coefficients near 0.6 and Mach numbers up to approximately 0.95,
pitch-up instability was also expected for the present model with the
basic wing even though the basic wing incorporated twist. Auxiliary wing
devices in the form of leading-edge chord-extensions and wing fences were
investigated in an attempt to eliminate or to reduce the severity of the

pitch-up instability. Two of the leading-edge chord-extensions (figs. 4(a)

and h(b)) were geometrically similar in plan form but differed only in the
droop of the chord-extension. The leading-edge chord-extensions covered
the outboard span of the wing from the 68- to the 100-percent-semispan
stations and the chords were 15 percent of the local wing chord. One
leading-edge chord-extension (W5) had approximately 4° of nose droop
which was obtained by moving forward the front 15 percent of the basic
airfoil section along the canber line of the NACA 230-series airfoil sec-
tion and fairing the remainder of the airfoil section in an arbitrary
manner. (See i ons h(a).) The airfoil coordinates for the basic wing
with the drooped leading-edge chord-extension W5 are given in table V

and a photograph is shown in figure 5. The second leading-edge chord-
extension W7, which had no droop, was obtained by moving forward the
front 15 percent of the basic airfoil section along the chord line

(fig. 4(b)). The airfoil coordinates for the undrooped leading-edge
chord-extension W7 are given in table VI.

A third leading-edge chord-extension Wg had a "saw-toothed" plan
form which was obtained by modifying the drooped leading-edge chord-
extension. The chord-extension was 15 percent of the basic wing chord
at the 68-percent-semispan station and varied linearly to zero chord at
the 8L-percent-semispan station. From the 84- to the 100-percent-semispan
stations, the chord was 15 percent of the basic chord (figs. 4(c) and 6%.

The wing fences investigated were located at the 50-percent-semispan
station for wing W7 and at the 84.5—percent-semispan station for

wing W5. The fences were located on the upper surfaces of the wings
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and were 0.033c high for wing W7 and 0.062c¢c high for wing w5. The
leading edges of the fences were located at approximately the point of

maximum wing thickness. Details of the wing fences are shown in figure 7

Horizontal stabilizer.- The horizontal stabilizer was geometrically
similar to the basic wing in plan form and was identical in thickness
ratio. Provisions were made for testing the horizontal stabilizer in
three positions H, H}, and Hp above the extended wing-root-chord

plane as shown in figure 8. It was necessary to use a modified vertical
tail in order to test the horizontal stabilizer at the 0.56b/2 position
above the extended wing-root-chord plane (fig. 8). The elevator, which
was included as a part of the horizontal stabilizer, had an area which
was approximately 15 percent of the complete exposed stabilizer area and
a chord which was 21 percent of the stabilizer chord. Elevator deflec-
tions were obtained by installing elevator sections which had been
machined to the desired deflections. Coordinates for the horizontal
stabilizer are given in table VII.

Vertical tail.- The vertical tail V had the same taper ratio and
thickness ratio as the horizontal stabilizer, but had an aspect ratio of
1.50. The modified vertical tail V3 (fig. 9) also had the same thick-
ness ratio as the horizontal stabilizer, but had a taper ratio of 0.T4
and an aspect ratio of 1.04. Airfoil coordinates for the vertical tails
are presented in table VII.

Model Support System

The model was attached to the sting support through a six-component,
internal, electrical strain-gage balance. Angle-of-attack changes of
the model were accomplished by pivoting the sting about a point which
was located approximately 80 inches downstream of the 0.35¢ station. A
159 coupling located ahead of the pivot point made it possible to keep
the model position reasonably close to the tunnel axis for the 6° to
120 angle-of-attack range. The angle mechanism was controlled from out-
side the test section and, therefore, permitted angle changes while the
tunnel was in operation.

A temperature-compensated, pendulum-type inclinometer, calibrated
against angle of attack and located within the sting downstream of the
model, was used to indicate the angles of the model relative to the air
stream. For actual testing conditions, however, it was necessary to
apply a correction to the angle of attack of the model caused by the
elasticity of the sting-support system.

The use of the calibrated inclinometer in conjunction with the
remotely controlled angle-of-attack changing mechanism allowed the model
angle to be set within +0.1° at all test Mach numbers.
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TESTS

The variation with Mach number of the range of test Reynolds number
calculated from several runs and based on the mean aerodynamic chord of
the wing is presented in figure 10. For the Present tests, the Reynolds

number varied from 2.60 x 10° to 2.95 x 100,

Measurements

Lift, drag, and pitching moment were determined by means of an elec-
trical strain-gage balance located inside the fuselage. Static-pressure
measurements were taken in the ducts of the buried nacelles to determine
the mass flow and internal-drag coefficient. The methods used to deter-
mine the mass flow and internal-drag coefficient are discussed in refer-
ence 1. Results of the mass-flow measurements are presented in figure 11.
In general, dependent on model configuration, measurements were taken for
two angle-of-attack ranges: -6° to 16° and -6° to 8° at Mach numbers
varying from 0.70 to approximately 1.11. Load limits on the balance,
however, prevented the attainment of measurements over the entire angle-
of-attack range at all test Mach numbers.

Corrections and Accuracy

No corrections to the free-stream Mach number and dynamic pressure
for the effects of model and wake blockage are necessary for tests in
the slotted test section of the 8-foot transonic tunnel (ref. 4). There
is a range of Mach number above a Mach number of 1.00, however, where
the data are affected by the reflected compressions and expansions from
the test-section boundary. On the basis of the results of reference iy
it is believed that, for Mach nunbers up to approximately 1. 05, &he
effects of these disturbances on the measurements made in the present
investigation may be considered to be negligible. For test Mach num-
bers above 1.03, however, the data were influenced by the boundary-
reflected disturbances but the extent to which the data were affected
by these disturbances is not known for these tests. A study of the
effects of boundary interference on the force and moment characteristics
of a wing-body configuration at transonic Mach numbers has been made in
reference 6. From these studies it is concluded that the effects of
shock reflection would be small on the lift characteristics presented
herein. As shown in references 5 and 6, the effects of boundary inter-
ference on the drag characteristics at Mach numbers above 1.03 cause the
drag to be first overestimated and then underestimated; however, it is
believed that these effects on the drag results of the present investi-
gation are small. No data are available which show the effects of shock
reflection on pitching moment for a wing-body configuration having
horizontal-tail surfaces; however, on the basis of the studies of
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reference 6, it is believed that these effects on the pitching-moment
data presented herein are also small.

It was assumed that bending of the swept wings had a negligible
effect on the aerodynamic data presented herein.

No corrections for interference forces caused by the sting support
have been applied to the data. As indicated in reference 7 the signifi-
cant corrections would be limited to small increments in pitching moment
and drag and to the effective downwash angle.

The drag data have been corrected for base pressure such that the
drag corresponds to conditions where the body base pressure is equal to
the free-stream static pressure. The drag data for the configurations
with the buried nacelles include the internal drag of the ducts. The
measured internal drag coefficient based on wing area for four ducts
was of the order of 0.0024 and was essentially constant throughout the
Mach number range.

The estimated consistency of the balance based on the design of the
balance and the repeatability of the data is as follows:

s e R T R P ORI RN P ¢ ’
B . Y e v o Wbl e o w5 e o o 0018
R N R e s oot o s alfinds e w s e s o v HOL00D .

The reference axes of the data presented in the figures are the
wind axes.

PRESENTATION OF RESULTS AND DISCUSSION

Throughout the discussion, the model configuration having the basic
wing, fuselage, vertical tail, and horizontal tail with incidence angle
of -0.1° and located 0.06b/2 above the extended wing-root-chord line (WBHV
is identified as the complete model. Unless otherwise stated, wing inci-
dence is 4° and wing dihedral is 0°. An index of the figures presenting
the results is given in table VIII.

Lift and Drag Characteristics
The variations with angle of attack of the 1ift and drag character-

istics of the various combinations of the model components are presented
in figure 12. The effects of wing incidence on the 1lift and drag char-

acteristics for the wing-fuselage configuration are shown in figure 13
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and the effects of vertical location of the horizontal tail on the 1lift
and drag characteristics of the model with buried nacelles are shown in
figure 14k. A comparison of the 1lift and drag characteristics of the com-
plete model with the basic wing and the modified wing is made in fig-

ure 15. Figures 16 and 17 present the effects of stabilizer incidence

on the 1ift and drag characteristics of the complete model and of the
model with buried nacelles, respectively. The effects of elevator deflec-
tion on the 1lift and drag characteristics of the model with the horizon-
tal tail located 0.27b/2 above the extended wing-root-chord line are
given in figure 18.

It can be seen that the 1ift characteristics of the various complete
model configurations (see, for example, fig. 16) were linear up to a lift
coefficient of approximately 0.5. Above a lift coefficient of 0.6 and
Mach numbers up to 0.96, the lift-curve slope decreased such that it was
less than one-half the value in the low-1lift range (-0.2 to 0.5). The
decrease in the lift-curve slope at high lift coefficients (Cr > 0.6),
compared with the low-lift-coefficient range at Mach numbers 1.00 and
above, was less than that observed at subsonic speeds.

The effects of compressibility on the values of lift-curve slope
measured for a lift-coefficient range of O to 0.3 are shown in figure 19.
The lift-curve slopes increased with increase in Mach number up to 0.96
and then decreased rapidly through the transonic speed range. In general,
a change in the vertical location of the horizontal tail (fig. l9(a)), a
change in the wing incidence (fig. 19(b)), or a wing modification
(fig. 19(c)) had only a small effect on the lift-curve slopes. There is
also shown in figure 19 the values of the lift-curve slopes at supersonic
speeds taken from reference 1. Curves have been faired from the tran-
sonic data through the supersonic data in order to illustrate the trends
in the lift-curve-slope characteristics in these speed ranges.

The variations with Mach number of the minimum drag coefficients for
several of the model configurations are presented in figure 20. The mini-
mum drag values at supersonic speeds taken from reference 1 are also
included. The minimum drag coefficient of the complete model (fig. 20(3))
was approximately 0.012, the drag rise occurred at a Mach number of 0.96,
and the drag at transonic speeds increased over the low-speed value by a
facoanl of 2.0.

It can be seen that horizontal-tail location (fig. 20(a)) and wing
incidence (fig. 20(c)) had a small effect on the minimum drag coefficient
throughout the Mach number range. Figure 20(b) indicates that the buried
nacelles (ht = O.27b/2) increased the drag of the basic model approxi-

mately 20 percent throughout the Mach number range.
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A comparison of the results obtained from tests of the complete
model and the complete model with the modified wing W), is made in fig-

ure 20(d). The modified wing W), increased the minimum drag coefficient

of the complete model approximately 15 percent throughout the speed range.
A comparison of the results in figure 15, however, indicates that the
modified wing W) reduced the drag due to lift of the complete model for

Mach numbers up to 0.98.

The variation through the Mach number range of the trimmed lift-drag
ratio with 1lift coefficient for the model with two positions of the hori-
zontal tail (H and Hj) and for the model configuration with buried

nacelles (ht = O.27b/2) is presented in figure 21. The data for this

figure were calculated from that presented in figures 16, 17, and 18.
It can readily be seen that the trimmed (L/D)max for all three configu-

rations dropped off very rapidly for an increase in Mach number from 0.93
to 1.05. For higher Mach numbers, however, there was very little change
in the values of trimmed (L/D)max' It can also be seen that there was

only a slight increase in the 1lift coefficient for trimmed (B

through the Mach number range. Curves of trimmed (L/D) against Mach

max
number are shown in figure 22. The trimmed L/D curves for sea level
and an altitude of 35,000 feet calculated for the 1ift coefficients shown
in figure 23 are also shown in figure 22. Supersonic data of reference 1
are presented with the transonic data. A comparison of the data of fig-
ure 22(c) with figure 22(b) indicates that the buried nacelles decreased
the trimmed (L/D)max of the basic model from a value of 14.6 to a value

of 12.1 at a Mach number of 0.70. The values of trimmed (L/D)max for

the basic model and the model with buried nacelles were approximately 6.3
and 6.6, respectively, at a Mach number of 1.10.

The effects of leading-edge chord-extensions and fences on the aero-
dynamic characteristics of the model with buried nacelles are presented
in figures 24 and 25. 1In general, the addition of the various leading-
edge chord-extensions or the fences to the basic wing had negligible
effect on the 1ift characteristics and had little or no effect on the
drag characteristics at low 1lift coefficients.

Longitudinal Stability and Control Characteristics of Model

Without Auxiliary Wing Devices

Stability characteristics.- A comparison of the variation of pitching-
moment coefficient with angle of attack for the various components of the
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model presented in figure 12 indicated that fuselage B alone was an
unstable configuration. Addition of either wing W or the horizontal
tails H and H; to the fuselage produced a stable configuration; how-

ever, above a 1ift coefficient of 0.50, the wing-fuselage configura-

tion WBV (see fig. 16, for instance) had a pitch-up instability which
was due primarily to the flow changes occurring over the wing. The model
configurations with the tail, WBHV and WBH3;V, also indicated pitch-up

instability at 1lift coefficients above 0.50.

A comparison of the pitching-moment characteristics for the configu-
rations having 2° and 4° wing incidence, WoB and WB, indicated that
the effects on stability of changing the wing incidence were small
throughout the Mach number range (fig. 13).

The effects of vertical location of the horizontal tail (H, Hj,
and Hp) on the pitching-moment characteristics of the model configura-
tion with the basic wing Wz and buried nacelles (fig. 14) indicated
that an increase in tail height from 0.06 to 0.56 semispan above the
extended wing-root-chord plane resulted in an increase in the longitudi-
nal stability of the model for an approximate lift-coefficient range
from -0.20 to 0.50 throughout the Mach number range. An increase in
tail height, however, aggravated the pitch-up instability at 1ift coef-
ficients above about 0.60 which indicates an increase in the value of
the downwash derivative Oe¢/da with increase in tail height.

The variations with Mach number of the static-longitudinal-stability
parameter CmCL for the configurations having 2° and 4° wing incidence

and the configurations having the buried nacelles and various vertical
locations of the horizontal tail are given in figure 26. The static-
longitudinal-stability parameter was averaged over the lift-coefficient
range from O to 0.3. A large increase in the negative value of CmCL

for both the tail-on and tail-off configurations occurred through the
transonic speed range which, if expressed in terms of the aerodynamic-
center location, would represent a shift in the aerodynamic-center loca-
tion of 13 to 19 percent of the mean aerodynamic chord. An increase in
tail height from 0.06 to 0.56 semispan above the extended wing-root-chord
plane (fig. 26(b)) increased the negative value of the static-stability
parameter approximately 50 percent throughout the Mach number range.

The variations with Mach number of the neutral-point locations for
several of the model configurations presented in figure 27 were deter-
mined from the data given in figures 16, 17, and 18. It can be seen
that there was a large rearward movement of the neutral-point location
through the transonic speed range which amounted to about 15 percent of
the mean aerodynamic chord and which was comparable to the shift in the
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static-stability parameter CmCL. This shift in the neutral-point loca-

tion would be expected since the curves of pitching-moment coefficient
against stabilizer incidence (figs. 16 and 17) and pitching-moment coef-
ficient against elevator deflection (fig. 18) are linear for the angle-~
of-attack range corresponding to data given in figures 26 and 27. Changes
in model configuration caused only small differences in the neutral-point
location.

Stabilizer and elevator effectiveness.- The longitudinal stability
characteristics of the model presented in figures 16, 17, and 18 were
used to calculate the stabilizer effectiveness and elevator effective-
ness parameters given in figure 28. The data were averaged over a lift-
coefficient range from O to 0.3. The supersonic tunnel data of refer-
ence 1 are included to illustrate the trends of the effectiveness param-
eters through the speed range. The effectiveness of the stabilizer
increased gradually up to a Mach number of 0.98 and then decreased
approximately 10 percent through the transonic speed range. Vertical
location of the stabilizer had a small effect on the effectiveness
parameter Cmit'

At subsonic Mach numbers, the elevator was about one-third as effec-
tive as the stabilizer in producing control. The elevator lost approxi-
mately 41 percent of its effectiveness when the Mach number was increased
from 0.93 to 1.10 and, therefore, as a control producing device, was only
one-fifth as effective as the stabilizer in the same range of Mach numbers.

Effective downwash characteristics.- The variation of effective down-
wash angle with angle of attack for the complete model with horizontal
tail located 0.06 semispan above the extended wing-root-chord line (H)
and the model with buried nacelles and horizontal tail located 0.27 semi-
span above the extended wing-root-chord line (Hl) is presented in fig-

ure 29. The effective downwash angle at a given angle of attack was
determined by finding the stabilizer incidence setting at which the
pitching-moment coefficient of the complete model was equal to the
pitching-moment coefficient of the model without the horizontal tail.
The sum of the stabilizer incidence thus found and the angle of attack
gave the effective downwash in the region of the horizontal tail. The
effect of the horizontal-tail drag on the pitching moment was neglected.
Since only three stabilizer incidence settings were used, some of the
data at the low and at the high angles of attack given in figure 29 were
extrapolated. In general, the variation of the effective downwash angle
with angle of attack showed no large changes for the complete model with
horizontal tail H (fig. 29(a)); whereas, on the other hand, the effec-
tive downwash angle increased markedly above 3° angle of attack

(fig. 29(b)) for the model with buried nacelles and horizontal tail Hy.

CONFIDENTIAL




NACA RM L53F05 CONFIDENTTATL 15

The effect of Mach number on the rate of change of effective down-
wash angle with angle of attack for the complete model with horizontal
tail H and for the model with buried nacelles and horizontal tail Hp

is shown in figure 30. The effective downwash derivative ae/aa for the
complete model (ht = 0.06b/2) was about the same for the angle-of-attack
range of -5° to 6° and had a value less than 1.0. The effective downwash
derivative de/da indicated a rather large increase followed by a rapid
decrease in the'range of Mach number from 0.90 to 1.00. For angles of
attack from 1° to 6° (fig. 30(a)), the value of the downwash derivative
decreased approximately 0.20 through the transonic speed range.

A comparison of figure 30(b) with figure 30(a) indicates that, at
angles of attack from approximately -6° to 1°, the downwash deriva-
tive Oe/da for the model with buried nacelles (ht = 0.27b/2) was essen-
tially the same as for the complete model (ht = 0.06b/2). At angles of
attack from 6° to 12°, however, the value of the downwash derivative was
approximately twice that obtained at angles of attack from -6° to 1° for
subsonic Mach numbers and had a value greater than 1.0 for Mach numbers
of 0.70 to 1.03. The increase in the derivative Oe/dax was the cause
of the marked increase in the pitch-up characteristics at high angles of
attack for the model with the horizontal tail located 0.27 semispan above
the extended wing-root-chord plane as was previously discussed.

Effects of Wing Modification, Chord-Extensions, and Fences
on Longitudinal Stability Characteristics

Because the model exhibited undesirable pitch-up characteristics at
1lift coefficients near 0.6, a program was initiated in an attempt to
eliminate or to reduce the severity of the pitch-up instability. A wing
modification, various leading-edge chord-extensions, wing fences, and
various locations of the horizontal tail in combination with leading-
edge chord-extensions were investigated to determine their effects on
the stability characteristics of the model.

Wing modification.- The pitching-moment characteristics of the com-
plete models with the modified wing W) and the basic wing W are com-
pared in figure 15. It can be seen that the modified wing had only a
small effect in delaying the point at which pitch-up occurred.

Leading-edge chord-extensions.- The effects of drooped leading-edge
chord-extensions Ws and undrooped leading-edge chord-extensions W7

on the longitudinal stability characteristics of the complete model with
buried nacelles (ht = 0.06b/2) are shown in figure 24. At a Mach number
of 0.70, both leading-edge chord-extensions eliminated the pitch-up insta-
bility noted for the model configuration W3 and reduced the pitch-up
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instability at a Mach number of 0.90. In the range of Mach numbers from

0.95 to 1.10, the addition of the leading-edge chord-extensions caused
a small delay in the lift coefficient for pitch-up.

Figure 25 shows the effects of drooped W5 and saw-toothed Wg

leading-edge chord-extensions on the aerodynamic characteristics of the
complete model with buried nacelles and horizontal tail located 0.56 semi-
span above the extended wing-root-chord plane (H2). Through the Mach
number range 0.70 to 1.00, the leading-edge chord-extensions delayed the
break in the pitching-moment curve to slightly higher 1ift coefficients;
however, the pitch-up instability was about as severe as that noted for

| the model without leading-edge chord-extensions. At Mach numbers of 1.04
| and 1.11, the data indicated that the saw-toothed leading-edge chord-
extensions WE eliminated the pitch-up for the range of 1lift coefficients

investigated.

Horizontal-tail location.- The effects of vertical location of the
horizontal tail (H, Hj, and Hp) on the aerodynamic characteristics of
the model with the basic wing with leading-edge chord-extensions W5 and

buried nacelles are presented in figure 31. In general, for the loca-
tions of the horizontal tail investigated herein, an increase in the
height of the horizontal tail from 0.06 to 0.56 semispan above the
extended wing-root-chord plane resulted in an increase in the longitudi-
nal stability of the model for an approximate lift-coefficient range
from -0.2 to 0.5 throughout the Mach number range. Raising the horizon-
tal tail from H to H] increased the pitch-up instability at a 1lift
coefficient above 0.6; however, with a further increase in tail height
to Hp, the pitch-up instability was intermediate between that of the H
and H; locations.

Fences.- The effects of fences (fig. 7) on the aerodynamic charac-
teristics of the model are presented in figures 24 and 32. Since no drag
data, due to balance operational difficulties, were obtained during the
investigation of the model configurations given in figure 32, the con-
version from body axes to wind axes was computed by neglecting the con-
tribution to the 1lift component of the axial force; however, this omis-
sion does not affect the analysis of the data. The addition of the
fences (figs. 24 and 32) had little effect on the longitudinal stability
characteristics of the models for the Mach number range investigated.

SUMMARY OF RESULTS

; An investigation of the aerodynamic characteristics of a swept-wing
\ supersonic bomber configuration was conducted in the Langley 8-foot tran-
\ sonic tunnel at Mach numbers varying from 0.70 to 1.11 and Reynolds
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numbers varying from 2.60 X 106 to 2.95 X 100. The wing had an aspect
BetleRof 5.5, a taper ratio of 0.2, W¥7° sweepback of the 0.25-chord line,
and airfoil sections which were 5.5 percent thick parallel to the plane
of symmetry. The following results are indicated:

1. The minimum drag coefficient of the complete model was approxi-
mately 0.012, the drag rise occurred at a Mach number of 0.96, and the
drag at transonic speeds increased over the low-speed value by a factor
of 2.0. Addition of buried nacelles to the basic model (horizontal tail
located 0.27 semispan above the extended wing-root-chord plane) increased
the drag approximately 20 percent throughout the Mach number range. The
modified wing increased the drag of the complete model approximately
15 percent throughout the Mach number range; however, the modified wing
reduced the drag due to 1lift of the complete model for subsonic Mach
numbers.

2. The values of trimmed maximum lift-drag ratio (L/D)yax for the

various model configurations decreased markedly through the transonic
speed range; however, there was only a small increase in the 1lift coef-
ficient for trimmed (L/D)max through the Mach number range. Buried

nacelles decreased the values of trimmed (L./D)max of the basic model

from 14.6 to 12.1 at a Mach number of 0.70, and these values decreased
to 6.3 and 6.6 for the basic model and the model with buried nacelles,
respectively, at a Mach number of 1.10.

5. The aerodynamic-center location for both the tail-on and tail-
off configurations and the neutral-point location moved rearward approxi-
mately 15 percent of the mean aerodynamic chord through the transonic
speed range.

4. The stabilizer effectiveness decreased about 10 percent through
the transonic speed range. Vertical location of the stabilizer had a
small effect on the stabilizer effectiveness. The elevator lost approxi-
mately 41 percent of its effectiveness when the Mach number was increased
from 0.9%5 to 1.10 and was about one-third to one-fifth as effective as
the stabilizer in producing control for the same range of Mach number.

5. The model indicated pitch-up instability at 1lift coefficients
near 0.6 through the Mach number range. The modified wing had only a
small effect in delaying the point at which pitch-up occurred.

6. A combination of leading-edge chord-extensions and a low position
of the horizontal tail eliminated the pitch-up instability at a Mach num-
ber of 0.70 and reduced the pitch-up instability at a Mach number of 0.90.
The leading-edge chord-extensions caused a slight delay in the pitch-up
instability at Mach numbers above 0.93.
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T. Generally, raising the horizontal tail above the extended wing-
root-chord plane aggravated the pitch-up instability at 1ift coefficients
above about 0.6.

8. The range of change of effective downwash angle with angle of
attack for the complete model with the horizontal tail located 0.06 semi-
span above the extended wing-root-chord plane was about the same for the
angle-of-attack range from -50 to 6° through the Mach number range and had
a value less than 1.0. The downwash derivative for the model with buried
nacelles and horizontal tail located 0.27 semispan above the extended
wing-root-chord plane in the angle-of-attack range from 6° to 12° was
approximately twice that at angles of attack from -6° to 1° for subsonic
Mach numbers and had a value greater than 1.0 for Mach numbers from 050
to 1.03 and, therefore, had a destabilizing effect on the model at
pitch-up.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., May 14, 1953.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Wing:
Area, sq ft (includes area blanketed by fuselage) ST e R S - e T
SOANT BT TE eI o ; 2188
Aspeet ratio. . . . ol PRl e S SO S SR e S S S M S TS Bioty
Sweepback of quarter—chord line, deg o et L R R A el e b7
Taper ratio S Grin e S NG B, o R T L S R 1 RO 02
Mean aerodynamic chord ft A G A 5 Ol
Airfoil section thickness in streamwise direction, percent (see tables III
and IV for ordinates) . . 3 - 5.5
Twist, deg (linear variation from root to tip) T S R R TR O to 2 5 washout at tip
Horizontal tail H (see table II):
Area (includes area blanketed by fuselage), SUREGEECREEE o T e R R0 TN
Sranse bl tin w8 L . oo R e e o T e e e e O S BB
Aspectinatd ol s e . SRR SRR s R S s
Sweepback of qnarter-chord llne, deg i O B ok o RO S S e ) ML b7
Taper ratio gL RS I, & A s 5 O o S O R e 0.2
Airfoil section thickness in streamwise direction, percent :
(GeclitableRViTitomordinates Il S ik o o m b b Faan a0 L 5.5
LotaiMellevatonliaren S e UL IEEIEEE ol L IO L e b e s e aR e v e s 100206
| Horizontal tails Hj and Hp:
| Area (includes area blanketed by vertical tail), oh Aaie SR ST S T SR 015
o ok S e s e T o . G 5 e o P Ol Q.-155
| Aspect ratio . . . ST 5o & on G Bl S ol ol ot ol R O 55
Sweepback of quarter- chord line, deg = R PR ORI T e e e b7
Taper ratio SEne . | ] O s B o 052
Airfoil section thickness in streamwise direction, percent
(see table VII for ordinates) . s im o S T e T e L L DR
fiotaifellcvatontarea s qEaG o ot o T Ll L Ol L e K e v e . 010296
Vertical tail:
Brcal(lexpasediPraertin SRR e el L L e T s D e o s
Span (exposed), £t . . . . A S s o BEGEE T R S o1
Aspect ratio (based on exposed span and area) o g B e L N TR R SR IR
Sweepback of quarter-chord s pePfide ol ERRPOR < L I e e S e e L ] L7
Taper ratio . . . Gl o ol kS e BT TG 0.2
Airfoil section thickness in streamwise dlrection, percent
(see table VII for ordinates) . . . . . . . o Ak e A b A SR LI RER ) N S 1
Redde sfrrenfi S o kb I SRR e L e S R L T L . 00166
] Modified vertical tail:
Erenl(esporedl) Micy ErEMee o0 St s & P R e b S s L 0.175
Span (exposed), £t . . . . R S RN T AR e LS e 0 )05
Aspect ratio (based on exposed span and area) . | o MedS S0 W Ao - ST o T ORI G T
Sweepback of qnarter—chord LSy GEE B e Ol il o B8 e SR I S -
Taperiratio . . « & . & SR e S ek i b e MOGTH
Airfoil section thickness in streamvlse direction, percent
| (e talIC NI "For opdInabeB)l s & - 0’y 2 . b bes e 4 v i e e s b e e e .. 55
Fuselage:
itinenessitea bl (Cnloinmitvselage ) . otvc <. ol S e e e e e @ ANL35
Iidnenessiratiol(shortened PUSCLELE) - o « & '« v % v 4 e te ae e e e e . . 12:96
ot alSane AP EIERUMIRCIE IS R I sl S SRR i e e sl 0L coftolis2
Miscellaneous:
Tail length from 0.35 wing M.A.C. to 0.35 tail M . (original fuselage), ft . . . 1.636
Tail length from 0.35 wing M.A.C. to 0.35 tail M ( shortened fuselage), ft . . 1.302

| ~NACA
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Wg
W'—/
r

No

TABLE II.- SYMBOLS FOR MODEL COMPONENTS

Long fuselage
Short fuselage
Vertical ‘tail
Modified vertical tail

0.06b/2 , |

Horizontal tail; h =
Horizontal tail; hy = 0.27pv/2
Horizontal tail; ht = 0.56b/2

Basic wing; iy = 4°; I = 0°

OO

I

Basic wing; iy = 20; I
Basic wing with leading-edge inlet; iy = 4°; I' = 0°

s . o) o
Modified wing; iy =4 ;' =0

Basic wing, leading-edge inlet and drooped leading-edge |
chord-extensions; iy = 4°; ' = 0°

Basic wing, leading-edge inlet, and drooped saw-toothed
leading-edge chord-extensions; iy = 4° SR s

Basic wing, leading-edge inlet, and undrooped leading-
edge chord-extensions; 1, = 4°; I = 0°

Buried nacelles
~NACA~
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TABLE ITI.- ORDINATES FOR BASIC WING W

[yalues expressed in percent of total chord 1engtﬂ]

— 5

Chord Upper ordinate Lower ordinate
0 0.051 0
-50 532 95T
&5 .662 <399
25 .861 L7k
2.50 AN .540
5.00 1.6801 .650
7.50 2.193 Tl
10 2.506 .861
15 2.976 2.057
20 3.250 1.292
25 5405 1.488
30 3.641 1.605
35 3.680 1725
4o 3:720 1 762
45 3.680 1.801
50 3.563% 1.723
55 3.406 1.644
60 3.132 1.488
65 2.819 1.292
70 2.467 1.096
80 1.684 CThk
90 .861 .391
100 .098 .098
L.E. radius: 0.196

“!ﬂ‘”"’
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TABLE IV.- ORDINATES FOR MODIFIED WING W),

Ealues expressed in percent of total chord lengtl_;_l

Chord Upper ordinate Lower ordinate
0 -2.075 2.195
50 -1.410 2.349
-75 =1.175 2.349
1.25 -.861 2.7k
2.50 = 15 2.036
5.00 .901 1.605
L0 1.684 1.292
10 2.250 1155
15 2.937 1.096
20 3.250 1.292
30 3.602 1.605
40 3.720 1. 762
50 3.565 1. 783
(. 60 SEilin2 1.488
0 2.467 1.096
80 1.684 - Thk
. 90 .861 -391
100 .098 .098
L.E. radius: 0.196
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TABLE V.- ORDINATES FOR WINGS W5 AND Wg

[Values expressed in percent of total chord lengt}Z[

Chord Upper ordinate Lower ordinate
-15.00 -1.292 1.370
-14.50 -.783 1566
-14.25 -.666 1.644
-13.75 -.470 PetTRs
-12.50 -.039 15 GO
-10.00 .626 1.801

-7.50 a5 ECOE

-5.00 1.566 12601

0 2.250 1601
5 2.584 1804

10 B0l NS

15 Fellap 1,801,

20 3.289 16801

25 3.445 1.801

30 5.6l oo

35 3.680 1..601

40 3.720 1.801

45 3.680 1.801

50 3.563 L5725

55 3.406 1.644

60 2. 159 1.488

65 2.819 1.292

70 2.467 1.096

80 1.684 CThh

90 .861 .391
100 .098 .098

Bl eaid s R ORI 6
“NACA
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TABLE VI.- ORDINATES FOR WING W7

[iélues expressed in percent of total chord lengté]

Chord Upper ordinate Lower ordinate
-15.00 0.051 0
-14.50 552 357
-1k .25 .662 .399
=15.75 .861 L7k
-12.50 1L Pk .540
-10.00 1.801 .650

-7.50 2.:195 - Thly

-5.00 2.506 .861

0 2.976 1054
g

10 *
; * !
20
25 1.488
30 2.6l0 1.605
35 ale10.0) 1.725
40 5.20 1.762
45 3.680 1800
50 3.563 1.723
55 3.406 1.644
60 5.152 1.488
65 2.819 1.292
70 2.467 1.096
80 1.684 Tk
90 .861 o
100 .098 .098

L.E. radius: 0.196

*Faired in an arbitrary manner.
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TABLE VII.- ORDINATES FOR HORIZONTAL AND VERTICAL TAILS

Bélues expressed in percent of total chord lengté]

Chord

Symmetrical ordinate

0
.50

-5
1.25
2.50
5.00
7.50
10.00
15.00
20.00
25.00
30.00
40.00
50.00
60 .00
70.00
100 .00

0

L36
.526
657
.876
201
456
.672
.01k
21D
W T
614
.748
.658
.308
TS

(@ T O v RO AR ol o Mol ol i

LR radiugs 01202

~_NACA
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TABLE VIII.- INDEX OF FIGURES

25

Figure Type of plot Configuration Remarks
1 m/poVoAy 8gainst M W3BH, VRp
B; WBV
12 CL, Cp, and Cp against « BHV; WBEV Effacts of moder
BE,V; WBH;V components
WB Effects of wing
13 @, Cp, and Cp against Cp, WoB incidence
33];“ 2 Effects of
14 a, Cp, and Cp against Cp, BEIVES horizontal-tail
WBH, Vo location
WzBHoV 1 Np
WBHV Effects of wing
15 @, Cp, and Cp against Cp Wy,BEV modification
WBV Effects of stabilizer
d
16 @, Cp, and Cn against Cf, WBHV; 1t = -3.0%; -0.1%; 2.0° incidence
W3BVN Effects of stabilizer
7 - O e iO0n R aes lna L 8T W3BHE VNp; 1t = -3.0%; -0.1% 2.0 incidence
Effects of elevator
18 @, Cp, and Cp against Cp WBH)V; 8e = 0°; -5°; -10° deflection
WB; WBHV; W),BEV
3 % inst
9 Ol aeainat M WoB; WBHLV
WB; WBHV; W),BHV
20 C: against M 2 3 Ay
Dinin WoB; WBHV; W3BH;VNp .
WBHV
21 Trimmed L/D against Cp WBH;V
W3BH) VRp
WBHV
22 Trimmed (L/D)pay against M WBH; V
W3BH] VNp
Level flight Cp against M
23 for sea level and 35,000-foot
altitude; wing loading of
100 pounds per square foot
W3BHVN2 Effects of leading-
W-BHVN: edge chord-
24 a, Cp, and Cp against Cp H;BHVN: extensions and
fences; hy=0.06b/2
W5BHVNp with fences
W3BHV Effects of leading-
WaB le;Z edge chord-
25 @, Cp, and Cp against Cp SRRV, No extensions;
WeBEoV, Np bt = 0.56b/2
WB; W3BHIVN2
26 Cmgy, egainst M WoB; WzBHoViNp
W3BHVE
WBHV
27 Neutral-point location WBH; V
against M H3BBIV'N2
WBEV
28 Crmg and cﬂit against M WBH;V
W3BH) VN
WBHV
2 € against «
9 e W3BH; VN
WBHV
de/x against M
% /2 o W5BH) Vip
W5BVNp Effect of horizontal-
W5BHVN tail location on
31 @, Cp, and Cp ageinst Cf wﬁnnvug model with leading-
Doal edge chord-
W5BHpV, Np extensions
W \'4 Effect of fences on
32 o and Cp against Cp TBUN2VL model with

W7B1‘N2Vl with fences

shortened fuselage
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Figure 1.- Details of test model. All dimensions in inches.
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Figure 2.- Test model installed in the Langley 8-foot transonic tunnel.
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Figure 3.- Comparison of the basic and modified wing sections outboard
of the 80—percent—semispan station.

o

TV LLNHTTANOD

GOd¢GT W VON



TVIINHZITANOD

~————— 1658 25 16.58 J 2.5'J

13.125

L.lSc c > !:Sc— c j

(a) Drooped leading-edge chord-extension.

(c) Saw-toothed leading-edge chord-extension.
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(b)Undrooped leading-edge chord-extension.

Figure 4.- Comparisons of the various leading-edge chord-extensions
investigated. All dimensions in inches except as noted.
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Section A—A Section B—B

(a)Fences with drooped leading-edge chord-extensions.

(b) Fences with undrooped leading-edge chord—extensions.

Figure 7.- Details of wing fences investigated. All dimensions in
inches except as noted.
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Figure 8.- Vertical locations of horizontal stabilizer relative to
wing-root chord plane extended.
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Figure 9.- Details of modified vertical tail Vy. All dimensions in inches.
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Figure 10.- Variation with Mach number of the test Reynolds number range .

based on the wing mean aerodynamic chord.
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Figure 12.- Aerodynamic characteristics of various combinations of

fuselage, wing, and taill.
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Lift coefficient,C_

Drag coefficient,Cp

Pitching-moment coefficient, Cp,
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Figure 12.- Continued.
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Angle of attack ,a,deg
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Figure 13.- Effects of wing incidence on the aerodynamic characteristics
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Figure 14.- Effects of vertical location of horizontal tail on the
aerodynamic characteristics of the model with buried nacelles.
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Figure 15.- Effects of wing modification on the aerodynamic characteristics

of the model.
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istics of the model.
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Figure l7 - Effects of stabilizer incidence on the aerodynamic charac-
teristics of the model with buried nacelles.
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Figure 17.- Concluded.

16 16
£ .12 : 12 4
s 08 i=
2 X 5 os__ﬂ\ <
§ '04_Ek g 04 0
5] 0 G o] = 0 fe Al R
é 3 5 NN
&-04 S £ -04 UL
= -08 £ _08
o & NP fou Et%§ A E
-12 \&‘ S = -12 % :
\3] \ - '
-16 e
OW5BVNp
~———UW3BH|VN2; if= 200, Se=o°
|6 |6_°W3BH|VN2; i1= —O.Ig Se-:oo
o —AW3BH VNZ; i1=—3.0<-: 8 =02
£ 12 —~ g 12 : 3 A
o ] ©
E, 8 é 8
B £
o
5 4 P e 4
o @
g o : i N )
-4 =2
‘./) —ﬁ
-8 » -8
36 36
32 & 32
/
.28 / S 28
(<] ‘-
e 24 / .§ 24 /
K 8
2 %
§ 20 i 3 .20 7
o g: [
2 16 5 .16
g B ;
12 % 12 '
08 /4 08
‘ 04 d : 04 i
: ‘ : ' ] b NACA —
M : | e
Cq e RN A T g o B 2 e R S (e S T
Lift coefficient,C_ Lift coefficient,Ci_ e
(g) M= 1.0k4: (h) M= 1.11. }

CONFIDENTIAL




NACA RM L53F05 CONFIDENTIAL 61

.16 16 riE
12 gf 12 (o) 8e= 167 Lo |
& R ot 0]
§ .08 RN £ o 2 T oin
3 BE 2 N
= o N
© TSR & B X
8 .04 = ko > S .04 N <
3 . LN £ e R
» LN L iy o h Ny
E Nd = | i f
g B o g p/u
£ -04 T _04 g
=
(01
-08 -08
-2 e
12 12
8 L8 _
g g o
LA % S g
£ .4 g
: 7 :
b 0 S Y 7
) Z 2
= g
g -4 % g -4
=8 -8
20 20
o.16 16
O, o
£ O ;
Q2 o
§.|2 }@ 3 gl 7
38 5
g .08 / g o8 /ﬁ‘
§ A s
.04 > S o4 »
- _ ~= @T,ff SNACA -
O ‘Q O & L 1 1
EEESEEe 2 4 6 8 Lo 24 2 0 .2 . 4 EaEie
Lift coefficient,C_ Lift coefficient,C_
@) M =0.70. (b) M= 0.90.

Figure 18.- Effects of elevator deflection on the aerodynamic character-
istics of the WBH;V configuration.
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(d) M= 0.96.

(e} M =0.95.

Figure 18.- Continued.
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Figure 18.- Continued.
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(h) M=1.11.

Figure 18.- Concluded.
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(c) Effect of wing modification.

Figure 19.- Variation with Mach number of the lift-curve slopes for
various model configurations.
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Figure 20.- Variation with Mach number of the minimum drag coefficients

Mach number M

(b) Effect of buried nacelles.

for various model configurations.
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Figure 20.- Concluded.
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Figure 21.- Variation of trimmed lift-drag ratios with 1ift coefficient

for the complete model.
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Figure 21.- Concluded.
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Figure 22.- Variation with Mach number of the maximum trimmed lift-drag

ratios and the level-flight lift-drag ratios for sea level and
35,000-foot altitudes for the complete model.
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Figure 22.- Concluded.
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Figure 24.- Effects of leading-edge chord-extensions and fences on the
aerodynamic characteristics of the model with buried nacelles.
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Figure 24.- Continued.
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(h) M=1.11.

(g) M=1.05.

Figure 24.- Concluded.
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Figure 25.- Effects of leading-edge chord-extensions on the aerodynamic
characteristics of the model with buried nacelles. ht = 0.56b/2.
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Figure 25.- Continued.
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(b) Effect of buried nacelles and horizontal-tail location.

Figure 26.- The effects of wing incidence and of buried nacelles and
horizontal-tail location on the variation with Mach number of the
static-longitudinal-stability parameter.
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Figure 29.- Variation of effective downwash angle with angle of attack.
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Figure 30.- Variation with Mach number of the rate of change of effective
downwash angle with angle of attack.
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Figure 31.- Effects of vertical location of horizontal tail on the aero-
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(d) M =0.95.

M = 0.93.

(c)

Figure 31.- Continued.
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Figure 31.- Continued.
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(h) M=1.10.

(g) M= 1.0k4.

Figure 31.- Concluded.
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(b) M =0.93 and 0.95.

Figure 32.- Effects of fences on the aerodynamic characteristics of the
model with buried nacelles, shortened fuselage, and no horizontal tail.
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Figure %2.- Concluded.
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