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INVESTIGATION OF A 1/22-SCALE MODEL OF THE REPUBLIC F-105

ATRPLANE IN THE LANGLEY 8-FOOT TRANSONIC TUNNEL

STATIC LONGITUDINAL STABILITY AND CONIROL AND PERFORMANCE
CHARACTERISTICS AT TRANSONIC SPEEDS

By Arvo A. ILuoma
SUMMARY

A comprehensive investigation of the aerodynamic characteristics of
various configurations of a l/22-scale model of the Republic F-105 air-
plane has been made in the Langley 8-foot transonic tunnel at Mach num-
bers from 0.60 to 1.13. All the configurations except wing-off config-
urations were investigated with internal flow in the model. The results
of the initial phase of the investigation are presented herein. These
results include informstion of the static longitudinal stability and
control characteristics of the model; on the effect of various config=-
uration modifications on lift-drag ratio; on the effect of subsonic and
supersonic inlets and of external stores on the aerodynamic character-
istics; and on the effect of area-distribution modifications (on the
basis of the area rule) on performance.

No serious pitch-up difficulties were apparent at a constant Mach
nunber. An afterbody bump reduced the zero~lift drag coefficient by
0.006 at Mach numbers near 1.0 and by 0.004 to 0.005 at a Mach number
of 1.13. The lift-drag characteristics were improved by several config-
uration modifications. The effective downwash derivative de/da decreased
markedly at Mach numbers above 0.93.

INTRODUCTION

An extensive wind-tunnel investigation of the aerodynamic character-
istics of the Republic F-105 airplane has been made by the National

I
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Advisory Cammittee for Aeronautics at the request of the U. 8. Air Force.
A low-speed investigation of the static stability and control character-
istics of a l/h-scale model of the F-105 airplane was made in the Langley
19-foot pressure tumnel (refs. 1 and 2). A supersonic-speed investigation
of the aerodynamic characteristics of a l/22-scale.model of the F-105 air-
plane was made in the Langley 4- by 4-foot supersonic pressure tunnel
(results of preliminary tests are given in ref. 3). A transonic-speed
investigation of the performance and static longitudinal, lateral, and
directional stability and control characteristics of the l/22-scale

model of the F-105 airplane was made in the Langley 8-foot transonic
tunnel.

The results of the initial phase of the investigation in the Langley
8-foot transonic tunnel are presented herein. These results include
information on the static longitudinal stability characteristics; on the
effectiveness of the horizontal tail and of the rudder; on the effect
of leading-edge flaps, of inlet modifications, and of wing-tip extensions
on lift-drag ratio; on the effect of subsonic and supersonic inlets and
of external stores on the aerodynamic characteristics; and on the effect
of area-distribution modifications (on the basis of the area rule) on
performance.

SYMBOLS

The aerodynamic force and moment data are referred to the stability
axes, with the origin at the center-of-gravity location shown in figure 1.
This location coincided with the 25-percent point of the mean aerodynanic
chord of the basic (A = 3.18) wing. All the data presented herein,
including those for the configurations with the extended wing tips
(A = 3.69) and with the wing removed, were based on the plan-form dimen-
sions of the basic wing.

The term "complete model" as used herein refers to the combination
of wing (including air inlets), body (including canopy), vertical tail,
and horizontal tail. The symbols used are defined as follows:

A aspect ratio of wing, b2/S
b span (projected) of wing
Cp external drag coefficient, Externgl drag
Q
Cp zero-1ift external drag coefficient
o
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. Cr,  lift coefficient, %
I Cy lateral-force coefficient, Lateraé force
T :
C, rolling-moment coefficient, Rolllngmoment
Pitchi
Cn pitching-moment coefficient, 1te 12§Emoment
Cp yawing-mament coefficient, Yawing moment
gSb
- 2 [L+n+22
c mean aerodynamic chord of wing, = cpl——m—mm—m—ro
5 1+A
Ce nominal tip chord of wing, obtained by extending leading and
trailing edges of wing to plane which is perpendicular to chord
plane of wing, parallel to root chord of wing, and tangent to
R tip of wing
Cp root chord of wing, obtained by extending straight portions of
- leading and trailing edges of wing to plane of symmetry of model
ig incidence of horizontal tail, determined by angle between planc
of horizontal tail and reference line of body; positive direc-
tion when trailing edge is down
(L/D)pax maximum value of lift-drag ratio
M Mach number of undisturbed stream
m/my inlet mass-flow ratio, measured by ratio of mass flow in model
duct to mass flow through free-stream tube with area equal to’
inlet throat area (see table I for inlet throat areas)
q dynamic pressure of undisturbed stream
R Reynolds number of tests, based on mean aerodynamic chord of
. basic wing
S area (projected) of wing, (b/2)(cr + ce)
a angle of attack of model, based on reference line of body

N
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A taper ratio of wing,
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control-surface deflection, measured in plane perpendicular to
hinge line of control surface; positive direction when trailing
edge is down in case of flaperon, when leading edge is up in
case of leading-edge flaps, or when trailing edge is to the left

effective downwash angle in region of horizontal tail, determined
from tests of coamplete model and complete model less horizontal
tail or from tests of complete model less wing and camplete
model less wing and less horizontal tail
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acy
CYBf = ag; per degree

l:... d
cone Cye = —Ex-per degree
» o 81’
oo r
Subscripts:
f value for flaperon
n value for leading-edge flaps
r value for rudder

APPARATUS

Tunnel

The tests were made in the Langley 8-foot transonic tunnel. This
tunnel operates at a stagnation pressure approximately equal to atmos-
pheric pressure.

Model

Basic model.- The model used in the present investigation was a
sting~supported, l/22-scale,model of the Republic F-105 airplane. This
airplane is of the fighter-bomber type and is designed for supersonic
flight. The airplane is turbojet powered, and has wing-root air inlets.
The wing and tail surfaces have h5° of sweepback. The airfoil sections
(parallel to the body reference line) of the wing are NACA 65A005.5 at
the 0.38b/2 station and NACA 65A003.7 at the tip. The basic model ig
shown in figure 1, and the geometric characteristics are given in table I.

The model was designed for internal flow. Ducting from the wing-
root inlets led into a single duct which had an exit at the body base.
A supersonic inlet and a transonic inlet were tested on the model and
these are shown in figure 2. Boundary-layer diverters were used with
both inlets. The supersonic inlet had two interchangeable throats: one
for the high-speed condition and one for the cruise condition. The area
of the throat for the cruise condition was 25 percent greater than that
for the high-speed condition. The throat areas of the inlets (scaled
down from full-scale values) are given in table I and the duct exit areas
used with the various inlets are given in figure 3. The duct exit area
could be changed by replacement of a bushing at the end of the body.

A ——
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The dimensions and location on the basic wing of leading-edge flaps
and a single flaperon (located on right-wing panel) are shown in figure L.
The dimensions and location of pylon-mounted wing tanks (2) are shown in

';°°°§ figure 5. The fineness ratio of the tanks was 7.65. The thickness ratio
Joooe, of the pylons was 0.06.

Area-rule modifications.- The longitudinal distributions of normal
cross-sectional area of the complete model with the supersonic inlet
(cruise condition) with and without modifications are shown in figure 6(a).
An area of 1.40 square inches, which corresponded to 90 percent of the
inlet area of the supersonic inlet (cruise condition), was subtracted
from the area plots to compensate for the internal flow in the model.
Various body modifications were made to improve the area distribution;
these included a2 long nose, a modified canopy, an M =1 afterbody bump,
and a modified M =1 afterbody bump. The contours of the modifications
are shown in figure 6(b). Photograsphs of the modified canopy, the
M =1 bump, and the modified M = 1 bump are shown as figures 6(c),
6(d), and 6(e), respectively. The M = 1 bump was modified (essentially
by eye) into the modified M = 1 bump in an attempt to improve the
supersonic drag characteristics.

Modifications for improving (L/D)j.y characteristics.- Various

configuration modifications were made on the model with the supersonic
inlet (cruise condition) in an attempt to improve the lift-drag character-
istics, particularly at the cruising Mach number of approximately 0.9

- of the F-105 airplane. These modifications are enumerated as follows.

The wing tips together with the leading-edge flaps were extended spanwise
as shown in figure T; the geometric characteristics of this modified wing
are given in table I. The wing-inlet fairing (designated as wing modi-
fications 2 and 3 of table II) was revised as shown in figures 7 and 6(e).
The supersonic inlet (cruise condition) was drooped -50. The drooped
inlet was obtained by cutting the undrooped supersonic inlet (cruise
condition) along a lateral plane located closely ahead of the leading

edge of the wing and then drooping the inlet -5° about an axis at the
bottom of the cut. The location of the droop axis and a cross section

of the drooped inlet are shown in figure 2. The drooped inlet is included
in the configurations shown in figures 6(c), 6(d), and 6(e).

The wing on the F-105 airplane has a small amount of negative camber
in the region of the inlets as a result of a buildup of the lower surface
to accommodate the landing gear. The major portion of the model tests
was made with the wing in this condition. For two test runs, the model

. wing in the region of the inlets was modified into a symmetrical section
by building up the upper surface of the wing. This modification is
designated as wing modification 1 (table II). The radius of the upper

- lip and the contour of the upper surface (adjacent to the lip) of the
drooped supersonic inlet (cruise condition) were reshaped slightly, and

"
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some refairing was made on the external lower surface of the inlet. This
modification is designated as inlet modification 1 (table II).

Instrumentation

Balance.~ A six-component strain-gage balance housed within the
fuselage was used for determining the overall forces and moments on the
model.

Pressure instrumentation.- Two static-pressure orifices were located
within the chamber surrounding the strain-gage balance and two others on
the sides of the sting adjacent to the base of the body. A rake, attached
to the sting, was used at the duct exit for mass-flow and internal-drag

" determinations. The rake consisted of 2 static-pressure tubes and of

either 12 total-pressure tubes for the configurations with the transonic
inlet and the supersonic inlet (high—speed condition) or of 16 total-
pressure tubes for the configurations with the supersonic inlet (cruise
condition).

Angle-of-attack indicator.- A strain-gage, pendulum-type attitude
transmitter was used for getting the no-load angle of attack of the model.
The attitude transmitter was housed in the extension of the model sting

"and was located approximately 61 inches downstream of the model center-

of-gravity location. Flexibility under aerodynamic load of the balance,
model sting, and sting extension between the model and the attitude
transmitter required a correction to the reading of the attitude trans-
mitter to obtain the model angle of attack.

METHODS

Test Configurations and Procedure

The identification number and description of the configurations
tested and a listing of the control deflections are given in table II.
Most of the configurations included the supersonic inlet (cruise condi-
tion), either drooped or undrooped. All the tests were made with the
model in the smooth condition. All the configurations were investigated
through an angle-of-attack range at generally eight or nine Mach numbers
fram 0.60 to 1.13. The angle-of-attack range varied from approximately
-2° to 16° at the lowest Mach number to -2° to 9° at the highest Mach
number. The angle of sideslip was 0°. The average Reynolds number of
the investigation is shown plotted against Mach number in figure 8.

All the configurations except the wing-off configurations were inves-
tigated with internal flow in the model. No attempt was made to regulate
the internal mass flow for a given configuration.
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Measurement of Overall Forces and Maoments

The overall aerodynamic forces and moments of the various config-
.:...5 urations were determined from strain-gage readings. The mass-flow rake
cnoe was detached from the sting during these measurements.
L] e o
s o

Internal-Flow Measurements

The static pressure in the chamber surrounding the strain-gage
balance and at the sides of the sting at the body base was measured for
all configurations.

The internal mass flow and internal drag were measured for three
configurations. These configurations consisted of the complete model at
a horizontal-tail incidence of =3° equipped with the trensonic inlet,
the supersonic inlet (high-speed condition), and the undrooped supersonic
inlet (cruise condition), and are listed as configurations 1, 4, and 5
in table II. Internal-flow data were obtained through the angle-of-
attack and Mach number ranges of the investigation. The mass-flow and
internal -drag measurements were made separately from the force and moment
measurements.

CORRECTIONS AND ACCURACY

Pressure Correction to Drag

No internal flow in model.- The drag coefficient Cp of the wing-

off configurations, which had no internal flow in the model, has been
adjusted for the difference between the actual measured static pressure
at the base of the body and that in the undisturbed stream, so that the
drag coefficient Cp corresponds to a static pressure at the base of

the body equal to that of the undisturbed stream.

Internal flow in model.- The external drag coefficient Cp of the

configurations with internal flow in the model includes corrections for
the internal drag coefficient and for the deviation from the free-stream
value of the static pressure in the balance chamber and at the rim of
the body base. The same correction for internal drag was used for all
configurations equipped with the same inlet.

No corrections were included herein for the effects of internal
flow on 1ift, pitching-moment, rolling-moment, yawing-moment, and lateral-
. force coefficients. The maximum effect of internal flow on 1lift coeffi-
cient occurred at the highest angles of attack and amounted to only 0.005.
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Tunnel-Boundary Interference

Subsonic Mach numbers.- At subsonic Mach numbers, the interference

sseess effects of a tunnel boundary on the flow over a model in the test region
:...' near the center line of a tunnel have been made negligible by means of
. a slotted test section (ref. 4).

Supersonic Mach numbers.- Data are presented herein at supersonic

Mach numbers of 1.03 and 1.13. Boundary interference (tunnel-boundary-
reflected compression and expansion disturbances) on the data at a Mach
number of 1.03 was probably small and is believed to have been confined
primarily to affecting the drag data. No data are presented herein
between Mach numbers of 1.03 and 1.13, where the effects of boundary
interference may have been large. It is believed that the data at a
Mach number of 1.13 were not significantly affected by boundary
interference. :

No corrections have been made to the data for tunnel-boundary inter-
ference except to the extent of the partial correction for tunnel-boundary
interference inherent in the base~pressure correction, which was made by
using the actual measured value of base static pressure.

Sting-Interference Corrections
No sting-interference corrections have been made to the data except
to the extent of the partial correction for sting interference inherent
in the base pressure correction, which was made by using the actual meas-
ured value of base static pressure.

Precision of Data

The estimated accuracy of the data based primarily on the repeat-
ability of the data was as follows:

e +0.01
CD « « = o o + o o 4 e et e e e e e e e e e e e e .. . £0.0015
cm..............................to.ooa\
Cp v v s o v o s s e e e e e e e e e e e e e e e ... . 10.0003 ~
R =Y 0.1
O ¢ X 00 )
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RESULTS AND DISCUSSION

Presentation of Results

L4
Sseese
.ﬁ

o*%2% Basic force and moment results.- The basic force and moment results
for the various configurations are presented in figures 9 to 39. An

index of these figures together with the identification number and descrip-
tion of the configurations and a listing of the control deflections are
given in table II. Horizontal-tail incidences are included in the titles
of the basic figures; other control deflections are included in the titles

of the basic figures only when the deflections were different from O°.

The inlet mass-flow ratio .m/mo (based on inlet throat areas; see

table I for area values) was approximately 0.90 for all inlets at most of
the test conditions (data not presented herein). The inlet mass-flow
ratio at a given Mach number decreased at the highest angles of attack;
for example, the decrease amounted to approximately 20 percent at an angle
of attack of 17° at a Mach number of 0.60. The inlet mass-flow ratio at
a given angle of attack generally varied only slightly with change in
Mach number. The actual mass flow in the configurations with the tran-
sonic inlet and the supersonic inlet (high-speed condition) was less than
that in the configurations with the supersonic inlet (cruise condition)
because of the smaller inlet throat areas of the transonic inlet and the
supersonic inlet (high-speed condition). See table I for inlet areas.

Summary force and moment results.- Summary plots derived from the
basic force and moment data are shown in figures 40 to 55. An index of
these plots is given in table III. Control deflections are included in
the titles of the summary figures only when the deflections were differ-
ent from 0°.

The trim data of figure 42 and the neutral-point-location data of
figure 43 were worked up from the basic results for configurations 5, 6,
and 11. The effective downwash data of figures 54 and 55 for the model
with the supersonic inlet (cruise condition) were determined from the
basic results for configurations 5 to 9 and 1l. Configuration 11 included
wing modification 1 (see table II) which was not present on configura-
tions 5 to 9. The effect of this configuration difference, however, was
indicated by a comparison of the results for configurations 5 and 10 to
be small. The effective downwash data for the model with the transonic
inlet were determined from the results for configurations 1 to 5, and
for the complete model less wing from the results for configurations 27
to 31.

EB‘III.'..I!.II
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Lift Characteristics

An increase in lift-curve slope with increase in angle of attack at

‘...5 moderate angles of attack was characteristic of all configurations tested.
cone The lift-curve slope CLQ is presented herein at lift coefficients of O
» e o

and 0.4, and is the average value fraom 0.1 below to 0.1l above the speci-
fied 1lift coefficient. The variation of lift-curve slope with Mach num-
ber was generally characterized by a small "bucket" type of variation at
Mach numbers near 1.0, particularly at lifting conditions (fig. 40, for
example). This type of variation has been shown by other investigations
(refs. 5 and 6, for example).

Most of the configuration modifications for which comparisons are
shown in the summary plots had less than 5-percent effect on lift-curve
slope. The leading-edge flaps (fig. 45) and the M = 1 bump added to
configuration 14 (fig. 49) increased the lift-curve slope by approximately
8 percent at a lift coefficient of O at transonic Mach numbers. The addi-
tion of the M = 1 bump to configuration 14 made the variation of lift
coefficient with angle of attack more nearly linear at transonic Mach
numbers (figs 22(a) and 27(a)). The wing-tip extensions increased the
lift-curve slope by approximately 15 percent at a lift coefficient of O
(fig. 51); based on true wing areas, however, the increase amounted to
approximately 8 percent.

Pitching-Moment Characteristics

The variation of pitching-moment coefficient with 1lift coefficient
was generally nonlinear for the various configurations tested. The
pitching-moment derivative Cmc is shown herein at lift coefficients

L

of O and 0.4, and is the average value fram 0.1 below to 0.l above the
specified 1lift coefficient.

Pitch-up tendencies.~- The variation of pitching-moment coefficient
with lift coefficient for the complete model less horizontal tail became
unstable at the higher 1ift coefficilents at all test Mach numbers except
1.13 (figs. 11(a) and 17(a)). The lift coefficient at which the pitching
moment became unstable at these higher lift coefficients varied from
approximately 0.5 at a Mach number of 0.60 to approximately 0.7 at a
Mach number of 1.03. Unstable variations of pitching-moment coefficient
with 1ift coefficient also occurred over a small range of 1lift coeffi-
cients at several Mach numbers for some of the complete-model configura-
tions, but at 1lift coefficients which were considerably out of trim
(fig. 15, for example). No serious pitch-up difficulties were apparent
for the complete model at a constant Mach number, although some decreases
in stability, tending toward pitch-up characteristics, were evident at
several Mach numbers (figs. 9 and 10, 13 and 14). Furthermore, a tend-
ency toward pitch-up characteristics exists during maneuvers at transonic
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speeds where rapid speed decreases may occur and where a decrease in
Mach number normally res s in a forward movement of the aerodynamic
center as shown by the pfresent results. The significance of such possi-
ble pitch-up characteristics may be determined by calculations of the
airplane motions by the methods of reference 7. These methods provide
for the conversion of static nonlinear aerodynamic data into time his-
tories of the longitudinal motions of the airplane and afford a detailed
treatment of the pitch-up problem. Consideration is given in reference 7
to some of the factors which affect pitch-up behavior, such as pitching-
moment variations with angle of attack and Mach number, rate and amount
of control deflection, dynamic pressure, airplane longitudinal moment of
inertia, and aerodynamic damping. '

Static longitudinal stability.- The derivative Gmc of the basic
L

complete model at a horizontal-tail incidence of -50 and at a 1lift coef-~

ficient of O was approximately -0.12 at Mach numbers up to 0.93, and

increased in magnitude at transonic speeds to approximately -0.30 at a

Mach number of 1.13 (fig. 40(a)). This increase in magnitude of the

derivative CmC at transonic speeds corresponded to a rearward movement
L

of the aerodynamic center from the 0.37C point to the 0.55C point. The
Cmc results of figure 40(b) indicated that the aerodynamic center of
L

the complete model less horizontal tail at a lift coefficient of O was

at the 0.20T point at a Mach number of 0.60 and moved rearward with
increase in Mach number to the 0.37C point at a Mach number of 1.13.

The complete model less horizontal tail had static longitudinal stability
at Mach numbers greater than 0.91 at a 1ift coefficient of 0 and at all
test Mach numbers at a 1lift coefficient of 0.L.

Configuration modifications generally had small effect on the deriv-
ative CmC . The wing-tip extensions made the slope more negative by
L

approximately 0.05 to 0.08 (fig. 51); based on true wing areas and dimen-
sions, however, the changes were much less. Trim changes due to config-
uration changes were also generally small. The largest trim changes
occurred with addition of the pylon stores to the configuration, and
amounted to a change of 0.02 in pitching-moment coefficient at transonic
speeds (figs. 22(a) and 23(a)).

Neutral point.- The stick-fixed neutral-point location of the model
with the supersonic inlet (cruise condition) at a lift coefficient of 0
was at the 0.36C point at Mach numbers up to 0.90 and moved rearward at
transonic speeds to the 0.54T point at a Mach number of 1.13 (fig. L3).
Increasing the lift coefficient to 0.3 caused the neutral point to move
rearward by an increment of approximately 0.06C.
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Horizontal-tail effectiveness.- The horizontal-tail effectiveness
shown in figure 4L is the average value for horizontal-tail inci-

Cmj o
dences from -3° to -8°. The horizontal-tail effectiveness is presented
at constant angles of attack of 0° and 6° for the complete model with

the transonic inlet, the complete model with the supersonic inlet (cruise
condition), and the complete model less wing.

The horizontal-tail effectiveness at an angle of attack of o°
increased by approximately 20 percent between Mach numbers of 0.60 and
0.92, and then decreased at the higher Mach numbers (fig. 44). At an
angle of attack of 0%, the horizontal-tail effectiveness at a Mach num-
ber of 1.13 was essentially the same as that at a Mach number of 0.60.
The effect of wing removal on horizontal-tail effectiveness was variable,
and amounted to a maximum of approximately 10 percent at the angles of
attack shown. The horizontal-talil effectiveness at an angle of attack
of 6° was lower than that at an angle of attack of 0° at Mach numbers
up to approximately 0.94%, and was essentially the same at the higher
Mach numbers.

Zero-Lift Drag Characteristics

Basic model.- The low-speed (M = 0.60) zero-lift drag coefficient
of the basic complete model -at a horizontal-tail incidence of -3° was
approximately 0.015 for all inlets (fig. 40(a)). The zero-lift drags of
the basic model with the transonic inlet and the supersonic inlet (high-
speed condition) were the same at supersonic speeds.

The zero-lift drag coefficient of the configuration with the super-~
sonic inlet (cruise condition) was less than that of the configuration
with the supersonic inlet (high-speed condition) throughout the Mach
number range. The decrement amounted to a maximum of approximately 0.002
which occurred at supersonic Mach numbers (fig. 40(a)). The mass flow
in the configuration with the supersonic inlet (high-speed condition)
was less than that in the configuration with the supersonic inlet (cruise
condition). Generally, a reduction in mass flow in a duct system with
an inlet of the type investigated would be expected to result in an
increase in external drag because of the additional spillage from the
inlet.

The zero-lift drag coefficient of the basic configuration with the
supersonic inlet (cruise condition) was generally slightly less at trim
conditions (fig. 42(b)) than at a fixed horizontal-tail incidence of -3°
(fig. 40(a)). The horizontal-tail incidence corresponding to trim con-
ditions at zero lift was near 0°, so that the drag contribution of the
horizontal tail was less at trim conditions. The incremental drag coef-
ficient of the horizontal tail at an incidence of -3° was approximately
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0.004 at supersonic Mach numbers and approximately one-half of this at

. the lowest speeds (figs. 40(a) and 40(b)).

cooons Effect of area-rule modifications.- Addition of the long nose to
. the basic configuration increased the fineness ratio of the equivalent
oo s’ body from 9.2 to 10.6, and reduced the zero-lift drag coefficient at

supersonic Mach numbers by approximately 0.002 (fig. 48). The zero-lift
drag coefficient at the low subsonic Mach numbers was increased by approx-
imately the same amount. The canopy modification reduced the zero-lift
drag coefficient by a small amount at Mach numbers near 1 and the differ-
ences were slight and inconsistent at supersonic Mach numbers (fig. Lo,
configurations 14 and 17, and 19 and 18). Addition of the M = 1 bump
reduced the zero-lift drag coefficient by 0.006 at Mach numbers near 1
and from 0.004 to 0.005 at a Mach number of 1.13 (fig. 49; configura-
tions 1t and 19, and 17 and 18). The M = 1 bump was modified in an
attempt to improve the supersonic drag characteristics. This improvement
was not realized at Mach numbers up to 1.13 (fig. 50). The present
results showed that the greatest reductions in transonic drag occurred
through improvement in the normal cross-sectional-area distribution rear-
ward of the maximum area rather than through improvement forward of the
maximum area.

Effect of extended wing tips.- The extended wing tips increased the
- zero-lift drag at subcritical speeds by a small amount but had essentially
no effect at transonic speeds (fig. 51). The normal cross-sectional-area
distribution was improved slightly by the extended wing tips (fig. 6(a)).
Based on true wing areas, the extended wing tips reduced the zero-lift
drag coefficient throughout the Mach number range.

Effect of pylon stores.- The pylon stores increased the zero-lift
drag by 17 percent at the lowest Mach number and by 35 percent at the
highest Mach number (fig. 53). The pylon stores increased the maximum
normal cross-sectional area of the basic model by 27 percent.

Maximum Lift-Drag Ratio

Basic model.- The maximum lift-drag ratio of the configuration with
the supersonic inlet (cruise condition) at a horizontal-tail incidence
of -3° varied from 9.0 at a Mach number of 0.60 to 5.6 at a Mach number
of 1.13 (fig. 40(a)). The maximum lift-drag ratio of the configuration
with the supersonic inlet (cruise condition) at trim conditions was
slightly more than that for the configuration at a horizontal-tail inci-
dence of -3° at Mach numbers up to 0.93, and was less by approximately 0.5
at supersonic speeds (figs. 42(c) and 40(a)). The horizontal-tail inci-
dence required for trim at maximum lift-drag conditions was approximately
-2.5° at Mach numbers up to 0.93 and increased at transonic speeds to
approximately -7° at a Mach number of 1.13 (fig. 42(c)).
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The effect of inlet design on (L/D),,, was largest at Mach numbers

near 0.9, amounting to an increment of 1.0 at a Mach number of 0.90
between the configurations with the supersonic inlet (high-speed condition)
and the transonic inlet, and was negligible at supersonic Mach numbers
(fig. 40(a)). The lower zero-lift drag of the configuration with the
supersonic inlet (cruise condition) at supersonic speeds was counterbal-
anced by a higher drag due to lift, so that there was no gain in (L/D)max'

Configuration modifications which improved (L/D)g...- The config-

uration modifications (made on the model with the supersonic inlet (cruise
condition)) which resulted in a significant improvement in the maximum
lift-drag ratio consisted of deflection of the leading-edge flaps, the
wing-tip extensions, the afterbody bump and modified canopy, inlet droop,
and the inlet-wing juncture fairing (wing modification 2, table II).

The leading-edge flaps at a deflection of _-7.50 improved the maximum
lift-drag ratio at all Mach numbers (fig. 45). Increasing the flap deflec=-
tion from -7.5° to -15° increased (L/D)max by a small amount at Mach

numbers of 0.6 and 0.8 but actually decreased (L/D)max at the higher

Mach numbers. The flaps increased the maximum lift-drag ratio by approxi-
mately 1.2 at Mach numbers of 0.9 and less; the increase was approximately
0.4 at supersonic speeds. As shown in figure 45, the flaps increased the
zero-1ift drag. The improvement in (L/D)max resulted from the lower

drag-due-to-lift characteristics of the flapped configurations. The
extended wing tips increased (L/D),,. by approximately 1.0 at Mach

numbers up to 1.035. The increase was approximately 0.4 at a Mach number
of 1.13 (fig. 51). The improvement in (L/D)max resulted from a reduc-

tion in the drag force due to lift force of the configuration with the
extended wing tips.

The M =1 bump increased the (L/D),, of the basic configuration

by approximately 0.6 at Mach numbers near 1.0 and by approximately O.k4

at supersonic Mach numbers (fig. 49; configurations 14 and 19). There
was a loss in (L/D)max at Mach numbers of 0.9 and less due to the

M =1 bump. The combination of the M =1 bump and the modified canopy
increased the (L/D)max of the basic configuration by approximately 1.3
at Mach numbers near 1.0 (fig. 49; cefifigurations 1t and 18). This gain
was substantially greater than the sum of the individual contributions

of the M =1 bump and the modified canopy, indicating favorable inter-
ference effects with the combination. The effect of the combination

on (L/D)max at supersonic Mach numbers and at Mach numbers of 0.90 and
less was essentially the same as that of the M =1 bump alone. The
configuration with the modified M = 1 bump gave (L/D)_,  values which
were the same 2s those for the configuration with the M = 1 bump

(fig. 50).
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Inlet droop increased the maximum lift-drag ratico by approximately
0.6 at Mach numbers of 0.9 and less (fig. 41). The increase was small
at supersonic Mach numbers. The inlet-wing juncture feiring (wing modi=-
fication 2, table II) increased (L/D)p,, by approximately 0.6 at Mach

numbers from 0.90 to 0.99. The gain was small at supersonic Mach numbers
(fig. 52).

Other configuration modifications.- Various configuration modifi-
cations which resulted in no improvement in (L/D)max or in a loss in

(L/D)max are discussed in this section. Deflection of the single flap~-

eron from 0° to 5° decreased the maximum lift-drag ratio by approximately
0.4 at Mach numbers up to 0.95 (fig. 46(a)). The decrement was less at
the higher Mach numbers. An increase in zero-lift drag due to the flap~
eron deflection outweighed a reduction in drag dve to lift resulting from
flaperon deflection. The long nose hed no effect on (L/D),., at super-

sonic speeds but decreased the ratic by nearly 1.0 at the lowest test
Mach numbers (fig. 48). The symmetrical buildup on the external upper
surface of the wing in the region of the inlet (wing modification 1,
table II) had no effect on (L/D)max characteristics. No comparison

results are shown herein for the symmetrical buildup; the basic data are
presented in figures 13 and 18. The pylon stores decreased (L/D)pay

by -approximately 1.0 at supersonic speeds and 1.7 at subsonic speeds
(fig. 53). The inlet upper-lip revision (inlet modification 1, table IT)
showed no gain in (L/D)max at supersonic speeds and at the lowest speed,

and actually a loss in the Mach number range from approximately 0.90 to

0.95 (fig. 52).

Flaperon and Rudder Characteristics

Flaperon.- The derivatives C C and
Flaperon e Ibf’ Cme’ Cnt’ ZSf’ CYaf

shown in figures 46(b) to 46(d) are average values for flaperon deflec-
tions from O° to 5°. The effect of angle of attack was greatest on the
derivatives Cmaf and Cy (figs. 46(b) and 46(c)). The deriva-

f

tive cme became reversed (that is, changed sign) in the angle-of-

attack range from 4° to 7° at a Mach number of 0.90 (fig. 46(b)). An

increase in Mach number increased the extent of the angle-of-attack range

in which reversal occurred, until at Mach numbers of 0.97 and higher the

derivative was reversed at all test angles of attack. The deriva-

tive Cza became reversed at the highest angles of attack at Mach num-
f

bers of 0.80 and 0.90 (fig. 46(c)). The effect of Mach number on the
flaperon derivatives at an angle of attack of 0° was greatest on Cm6

(rig. 46(a)).
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Rudder.- The derivatives Cn6 R CZS , and CY5 shown in fig-
—_— r T r

ures 47(b) to 47(c) are average values for rudder deflections from O°
to 5°. The effect of angle of attack on the derivatives Cn8 and CY6
r r

was slight; an increase in angle of attack reduced Cza (fig. 47(p)).
T
The magnitude of the derivatives Cn6 and CY& decreased with increase
r r

in Mach number at Mach numbers above 0.93 (fig. 47(c)). The deriva-
tive Cl6 was essentially invariant with change in Mach number.
r

Effective Downwash Characteristics

The effective downwash angle (figs. 54 and 55) was determined at a
given model angle of attack by finding the horizontal-tail incidence at
which the pitching-moment coefficient of the configuration including the
horizontal tail was equal to that of the configuration less the horizontal
tail. The sum of the horizontal-tail incidence thus found and the model
angle of attack gave the effective downwash angle in the region of the
horizontal tail. .

The variation of effective downwash angle with angle of attack is
shown in figure 54. The variation of the derivative de/da with Mach
number is shown in figure 55. The derivatives shown are the average
slopes for angles of attack from 0° to 4© for the complete model with
the supersonic inlet (cruise condition) and for the complete model less
wing, and for. angles of attack from L4° to 6° for the complete model with
the transonic inlet.

The variation with Mach number of the effective downwash deriva-
tive de/da was essentially the same for the complete model with the
transonic and supersonic inlets (fig. 55). There was a marked decrease
in the effective downwash derivative at Mach numbers above approximately
0.93, reaching a value of approximately 0.25 at a Mach number of 1.13.
The results of reference 3 showed that the effective downwash derivative
of the camplete model at a Mach number of 2 was negative (effective
upwash) .

The effective downwash derivative of the complete model less wing
was negative throughout the Mach number range. The variation with Mach
number was similar to that of the complete model, indicating that the
flow field of the complete model in the region of the horizontal tail
was strongly influenced by the flow field of the body alone (fig. 55).
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CONCLUSIONS
.:...E
- esee An investigation was made in the Langley 8-foot transonic tunnel

Ces o of the static longitudinal stability and control and performance char-
acteristics of various configurations of a 1/22-scale model of the
Republic F-105 airplane. The Mach number range of the tests was gener-
ally from 0.60 to 1.13, and the Reynolds number based on the mean aero-

dynamic chord of the wing was approximately 2 X 100. A1l the configura-
tiong except wing-off configurations were investigated with internal
flow in the model. The following conclusions are indicated:

1. No serious pitch-up difficulties were apparent for the complete
model at a constant Mach number, although some decreases in stability,
tending toward pitch-up characteristics, were evident at several Mach
numbers. The variation of pitching-moment coefficient with 1ift coef-
ficient was unstable over a small range of lift coefficients for several
of the complete-model configurations but at lift coefficients which were
considerably out of trim.

2. An afterbody bump to improve the area distribution reduced the
zero-lift drag coefficient by 0.006 at Mach numbers near 1.0 and by 0.004
. to 0.005 at a Mach number of 1.13. Increasing the fineness ratio from
9.2 to 10.6 by the addition of a long nose reduced the zero-lift drag
coefficient at supersonic Mach numbers by approximately 0.002.

3. Significant improvement in meximum lift-drag characteristics
resulted from deflection of wing leading-edge flaps, extension of wing
tips, addition of an afterbody bump and a canopy modification, inlet
droop, and a revised inlet-wing Jjuncture fairing.

L. The effective downwash derivative de/da of the complete model
decreased markedly at Mach numbers greater than 0.93. The effective
downwash characteristics of the complete model appeared to be strongly
modified by the effective downwash characteristics of the body alone,
which had an effective downwash derivative that was negative (effective
upwash) throughout the Mach number range.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 12, 1956. C:;7 ;2::;4,,,_‘__
' Arvo A. Luoma
f Aeronautical Research Scientist
’ Approved: éo <
gene C. Draley
Chief of 11-Scale Research Division
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TABLE I.- GEQMETRIC CHARACTERISTICS OF 1/22-SCALE MODEL OF REPUBLIC F-105 AIRPLANE

Body (basic):

Length, in. . . . .
Meaximum width, in. . . C h e e e e e e e e e e s e e s e
Maximumdepth(excludingcanopy), WP
Frontal area (including canopy), sq £t . . . . .
Side ares (including canopy), 8q £ » « » « « o & & o 4 s 0 4 . o s
Volume (including canopy), cu ££ . « « « + « « o » o o« « & .

Length

4 e ¢ e o » e e 4 s % a2 o 2 » s 6 & e & s = o =

.Finenessratio———......4............

"Frontal area
0.7854

Frontal area

Wing (basic) area

_Total bage ares e .. e e . .
Wing (basic) area )

Body (long nose):
Length, in. . . . « . + « « « & e
Maximm width, in. . C e e e e e e e e e e
Maximum depth (excluding canopy), in. . . . . . .. e e e e e e
Frontal area (including cenopy), sq £t . . . . . . . e e e e e e
Length

Fineness ratlo { ———2————\ . . . . « ¢« ¢ v 4 s ¢t 4 e e e e 0 e

rontal E;o_,
v 0.7854

Frontal ares

Iocation of leading edge of mean aerodynsmic chord from leading edge
Sweepback of projected 25-percent-chord line, deg . . . . . ..

Dihedral, deg . . . . . .
Mstdeg..................-......

Ieading-edge flaps:

Type . . e e e e e e e e e e e e
Area(tvoflaps),sqft.....................
Span (one flap), 1n. . . . - . .+ . . . . . .. e e .
Sweepback at hinge ldne . . . . . . . . . . . . . . ... .. .
Chord (average), im. . . « + & « ¢ v o ¢ ¢ « o 4 e e e ..
Flaperon:

b 14 7
Area, sqft . . . . . . ... .00 e e e e e e e e e e .
Span, in. . . . . . . . ... .. C e e e e e e e e e e e .

m . - . . . e o & = & e . . . - - - . - . . »
_Total base ares ... . N
Wing (basic) ares .
Wing (basic):
Airfoil section (parallel to bod,y reference l.ine)
At 0.38b/2 B88LI0N .+« . . . . e e e e e e e e e e e e e e e e e e e .
Tip . e e e e e e e e e e e e e e e e e e e .
Rootchordcr,in. ........ .. « e e e e e
Incidence of root chord with respect to body reference 1_1.ne, deg PR . .
Location of root chord above body reference line, in. e e e e e e e e e ..
Location of leasding ed.ge of root chord fram nose of ba.sic body, in. e e e .
Tip chord ¢, In. . . . c e e e e . .
Spanb,in
Area S, sq ft . . . . . . o o e 0 oo e e e w0 . e e e e e ..
Aspect ratio A . . . . . . . . .
Taper ratio A . . e e e e e e e e e e et e e e e e e e e e
Mean serodynamic chord, 1n ............... .. e e e
Iocation of mean aerodynemic chord sbove body reference line, in. . . . . «

o e
. . -
« s . .

P

... 32,830
.. 2,387
. .. 3.546
. .. 0.0510
. ... 0.698
... 0.106
10.7

. . 0.0643

. . 0.0307

. . . 37.7H0
... 2.387
... 3.546
. .. 0.0510
e 12.3
0.0643

.« . 0.0307
NACA 65A005.5
NACA 65A003.7
... 8.8
.. o]
... 0.614
.. . l1.758
... 3.818
. . 19.054
e e . 0.9
e e 3.18
. .. 0.467
... 6.26¢
... 0.358
... 4666
v .. 45
PR -3.5
.. 0

Drooped-plain flap
e .. O.0BT2

. Trailing-edge flap

2.507

e .
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TABIE I.- GEOMETRIC CHARACTERISTICS OF 1/22-SCALE MODEL OF REPUBLIC F-105 AIRPIANE - Concluded

Wing (extended wing tipse):

Alrfoil section (parsllel to body reference line):

AL 0.341b/2 8tation . « . - . . v e v e e e e e e e e e e e e e e e e e e e NACA 65A005.5
TID « o v o o o o o 8 4 4 o e e e e e e e e e e e e e e e e e e e e e NACA 65A003.4
Root chord Cp, 1IN, « v v« o v o 4 o o 0 0 0 o0 a0 e e e e e e e e e e e e e e e e e 8.181
Incidence of root chord with respect to body reference line, deg . . . . . . . . e e e e e 0
Iocation of root chord above body reference line, in. e e e 4 e s e h e e e e e e e 0.614
Location of leading edge of root chord from nose of basic body, in. e e e e e e e e e 11.758
Tip chord ¢o, In. .« .+ . . v o0 e e a0 oL e e e s e e e e s e e e s e e e e e . 3.319
Bpan B, IN. . 4 4 v b i s e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e 21.232
Area 5, 8Q f£ . « .+ 4 v 4 o 4 e e e e e e e e e e e e e e e e e e e e e e 0.848
ABpect ratio A . . ¢ v v 4 4 s e e e e e e e e e C e e e e e e e e e e e e e e 3.69
Taper T&t1o A « « + « « « o @ e et e e et e e e e e e e e e e e e s 0.k06
Mean aerodynamic chord, in. e e e e e e e e e e e e e e e e e e e e .. e e e e 6.093%
Location of mean aerodynsmic chord ebove body center ]_tne, 1n .............. 0.335
Location of leading edge of mean aserodynamic chord fram leeding edge of root chord, in. .. 5.082
Sweepback of projected 25-percent-chord line, L e e e 45
Dihedral, deg . . . « . « ¢« ¢ ¢« o « & . . e e e e . @ e e e e e e e e e e e e e e e -3.5
Twigt, @8 . + + 4 ¢ ¢ e e o e a e e e e e e e e e e e e e e e e e e e e e e e PR (o]
Leading-edge flaps:
TYPE - v o o v o o 4 o o o 0 4w e C e e e e e e e e e e e e e e e e e e Drooped-plain flap
Area étwo flaps), sq PE v v e e e e e e e e e e e e e e e e e e e e e e e e e e e 0.0601
Span (ome f1ap), 1. . v« &t o vt e i e e e e e e e e e e e e e e e e e e e e e e . 6.519'
Sweepbeck at hinge N S L9 o1' 26"
Chord (average), 1n. . « v & v v v v v v s v o e e e e e e e e e e e e e e e 0.664
Flaperon:
TYPE o o o o o o o s o o o o o o o o 4 4 b e v e e v e e e n e e e e e Trailing-edge flap
Ares, 8 £t . . o « « . . . . e e e e e e e e e e e e e e e e e e e e e e e e e e 0.026
Span, 1M, .+ . 4 e e ek e e e e e e e e e e e e e e e e e e e e e e e e e 2.507

Horizontal tail:

Airfoil section (parallel to body reference line):

ROOt & v v @ v o o o o a6 a e s s e h e e e e e e e e e e e e e e e e e e HACA 65A006

TP « v« - o . e e e e e e e e e e e e e e e e e e e e e e e e e e . . . . HACA 65A004
Root chord, 1n. . . . .. . ... e e e e e e e e e e e e e e e e e e e e e e e .. kool
TMp chord, I0. « « ¢ o v « o ¢ b e e e e e e e e e e e e e e e e e e e e e e e e 1.864
Span, in. . . . . oe e .. . e e e e e e e e e e e e e e 9.090
Area (BOLAL), BQ £t « « v v v o 4 v o o v e e e e e e e e e e e e e e e e e s e+ ... 0.188
BBPECE TBELIO « « v o § o o o o v o b e e e e e e e e e s e e e e e e e e e .. 3.06
Taper ratio . « . . . . e e e e e e e e e e e e e e e e e e e e e e e e 0.456
Mean serodynsmic chord, in ................................ 3.10%
Location of leading edge of mean serodynamic chord fram leading edge of root chord, in. .. 2.231
Sweepback of 25-percent-chord Line, @€ « « - « o « « ¢ o o o o 4 4 4 .4 e 4 e .. .. 45
Dihedral, deg . . . - « . . . . . [N C e e e e e e e e e e e e e s e e e e e o}
Twist, deg . = ¢ « « « o ¢ o 4 o 0« o e e e e e e e e e e s e s e e e 0

Vertical tail:

Airfoil section (parallel to body reference line):

Exposed root (1.591 in. ebove body reference ldne} . . . . . . « . v v o o . o . . . . NACA 654006
i« e n e e e s e e s s e e e e e e e e NACA 65A004
Root chord (at body reference line), in. . . . . . . e e e e e e e e e e e e e 5.473
Tip chord, In. . « ¢ « v ¢ o « & o = « = « & C e e h e e e e e e e e e e e e e “ e e 2.000
Span &to body reference line), in. . . . . . . . e e e e e e e e e e e e e e, 5.955
Ares (to body reference line), sq ££ . . . . . . . . .. e e e e e e e e e e e e+ .. 0.155
Aspect ratio LSL”‘)- ........ e e e e e e e e e e e e e e e e e e e e 1.60
Area
Taper ratfo . « - - + ¢ « 4 o« 0 b 4. 4. e e e e e e e e e e e e e e e e e e e .. 0.365
Mesn aerodynamic chord, I0. .+ ¢ ¢ o + ¢ o 4 v 4 v s 4 e e e e e e e e e e e e e e e 4.003
Location of leading edge of mean aerodynamic chord from leading edge of root chord, in. .. 2.887
Location of mean aerodynamic chord from root chord, in. e e e e e e e e e e e e 2.5
Sweepback of 25-percent-chord line, deg . . . . . . . . . . o . e e e e e e e e s e e e e 45
Rudder:
TYDE v e e e e e e e e e e e e e e e e e e e e e .. ... Trailing-edge flap
Chord (average), - e e e e e e e e e . 0.902
Bpan, I0. « ¢ v v e e i et e e e e e e e e e e e e e e e e e e e e n e e e e e e 3.726
Area (total), sq P I, e e e e e e e e e e e e e e e e e e e e e e e e e e 0.0235
Aspect TBEIO . . . ¢ L .t i i et e i e e e e e e e e e e e e e e e e .10
Sweepback of hinge 1ine, GEE - « + + < o e e e e e e e e e e e e e [ ... 2% 21,5

Duct areas:

Inlet throat (sceled down from full-scale values):

Transonic inlet, 8q In. . ¢ . . & ¢ . b L bt e b e e e e e e e e e e e e e e e .. l.260
Supersonic inlet (high-speed condition), sq in. . . . . . . . . . .. .. e e v s ... L2bo
Supersonic inlet (cruise condition), g In. . . . . L . . L w4 e e e e e e e e 1.550
Capture (scaled down from full-scale value):
Supersonic inlet (bigh-speed condition), sq 4n. . . . . . . .. . e e e e e s e e e e e L. 746
Ex?:personic inlet (cruise comdition), sq in. . . . . .. . . .. e e e e e e e e e 1.746
Trensonic inlet, sq In. . . . . . . . L L L L e L e e e e e e e e e e e e e e e e e 1.507
Supersonic inlet (high-speed comdition), 8q 1B. . . . . . . .+ v 4 b 4 4 e 4 e .. 1.507
Supersonic inlet {cruise comdition), sgin. . . . . . ... .. .. e e e e e e e e 2.024

ailin
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TABLE II.- CONFIGURATIONS AND INDEX OF BASIC FIGURES N
Configuration
Control-surface
W Inlet
deflection Body ing le Flgure
Number Description
14, 5n: of, Br: Asgpect . Droop, £
deg | deg deg | deg Nose Canopy Afterbody ratio Modifications Type deg Modifications
1 Complete model -3 ] O_J ] _4 Bagic Basic Basic 3.18 None Transonic 0 None | 9
2 - o g o I
3 Complete model ) 11
lesg horizontal teil | —=- _d = eesse
N Complete model -3 Supersonic
1 _J_ S DR D (nigh speed) ®eee’
5 Supersonic 13
JN W U U PR SN DR A cryise (XX XX J
6 -8 O N D |
7 -6 |
g ~2k |
9 | Complete model 1e88 | === r
horizontal tail .
10 Camplete model =3 N e
11 S ¥
1z =3 | 7.5 :t — F_ Hone
f -15 T . 4
=72 | N R A U SN =.
15 Camplete model plus _T r— T
wing pylon stores 1 |_ 1 }_ 1 . 1 _
18 Complete model 1 1 Tong
7 1 I Basic_ | Modifled
18 T ] Basic plus
M=l bump
Iy o e e s e 3. |
20 —I Vv 5.69
_T Bagic plus
modified
—— M=l bump
A —_— ) 82
53 — i Ry
2k 5 j_
2 r o B3z
—5— y T N i ] \
27 Complete model [ 4] Basic r—" — oS = s ———m
less wing . :
28 =3 loeec | == Hemes ——— -- fied
— o [y g T —— g - ===
30 16 [~eem | men P g P ———e
o1 CompTete model less ELT e ———— — - ————
wing and less \j
horizontal tail y N

%1ing modification description:
1. Symmetrical buildup on external upper surface of wing in region of inlet.
2. Reviped fairing along leeding edge from inlet to inboard end of leeding-edge flap (o = -7-5°).
3. Seme as modification 2 but faired into undrooped leading edge (Bn = Q°).

PInlet motification description:
1. Reviged redius of upper lip and contour of upper surface (adjacent to lip) of inlet; some refairing on external lower surface of inlet.
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TABLE III.- INDEX OF SUMMARY PIQTS
Description Figure

Effect of inlet design - . « « « v v v v v ¢ ¢ e e 4 0. . 4o

Effect of inlet Aroop . « + v v v v v v v e eie 0 o e e . k1

Results at trim conditions . . . . . . . . . .« « . . . . . Lo

Neutral-point Location . « + v v « v v v v o o o o o o o . 43

Horizontal~tail effectiveness . . . . . . « « ¢ ¢« « « « . Ly

R Effect of leading-edge flaps . . . « « + v« ¢ o o o + « « « 45

Effect of wing flaperon . . . « v v v v o o o o« o« o « o = L6

Effect of rudder deflection . . . « « v v « v & o« « « o . b7

. Effect of body-nose extension . . . . . « « « & & & + . . 48

Effect of canopy modification and M = 1 bump . . . . . . . Lo

Camparison of afterbody bumps e e e e e e e 50

Effect of wing-tip extensions . . . . . . . . . . . . . . 51

Effect of inlet-wing fairing (wing modification 2) . . . . 52

Bffect of pylon stores . . . . . . . . . « ¢ v v o v o s . 53

€ characteristics . . « ¢ v v v v vt e e e e e e e e 54

de/do characteristics . . « v ¢ v« ¢ 4 4 4 4 e e 0 .. . 55
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Figure 1.- General arrangement of l/22-scale model of Republic F-105 air-
plane. Complete model; basic body nose, canopy, and afterbody; A = 3.18;
supersonic inlet. All dimensions are in inches except as noted.
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Figure 2.- Supersonic and transonic wing-root inlets on l/22-scale model

of Republic F-105 airplane.
noted.
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v ' [ .:.: . o0
e o g o
o0 o °
o @ o
LT R 1 o’

Body rim at E
Sting end of body =
&)
(o
v
o
w)
’.—J
o
M~
©
I\
: o6 .:
\ [ X X ]
<. 774 ———————>— <—770—>
< 2115 < 1.95I >
2.115
[ ] N e o
Duct exit A Duct exit B eeeee
([ XXX X}
* .
(A X N X ]
otete
Inlet Duct exit Duct-exit area, sq in. *
_ Transonic A 1.507 :::::
Supersonic (high-speed condition) A 1.507
Supersonic (cruise condition) B 2.0249

Figure 3.- Dimensions of duct exlt for various inlets and of sting cross
section at end of body. All dimensions are in inches except as noted.
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Figure L.- Dimensions of wing leading-edge flaps and wing trailing-edge
flaperon on l/22—scale model of Republic F-105 airplane; A = 3.18.
A1l dimensions are in inches.
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Figure 5.- Dimensions and location of 450-gallon (full-scale value) tanks
mounted on inboard wing pylons on l/22-scale model of Republic F-105
airplane. All dimensions are in inches except as noted.



Model cross-sectional area, sq in.

Station, percent basic body length

(a) Longitudinal area distribution.

Figure 6.~ Longitudinal distribution of normal cross-sectional area of
1/22-scale model of Republic F-105 airplane, and various body modifi-
cations for improving the ‘area distribution. Complete model; drooped
supersonic inlet (cruise condition).
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modifications. All dimensions are in inches.

Figure 6.- Continued.




L-8lJ119

(c) Configuration 17; body with modified canopy; A = 3.18.

Figure 6.- Continued.
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L-84493

(d) Configuration 20; body with M = 1 bump; A = 3.69.

Figure 6.- Continued.
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L-84512
(e) Configuration 22; body with modified M = 1 bump; A = 3.69; wing
modifieation 2.

Figure 6.- Concluded.
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(wing modifications 2 and 3 of table II)
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Extended wing tip

Figure T7.- Extended wing tips and revised wing-inlet fairing (wing modi-
fications 2 and 3 of table II) on l/22-scale model of Republic F-105
airplane. All dimensions are in inches.
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Figure 8.- Variation of Reynolds number (based on mean aerodynamic chord
of 6.264 inches) with Mach number in tests of 1/22-scale model of
Republic F-105 airplane in Langley 8-foot transonic tunnel.

ZTa9CIS WY VOVN



.ese.  NACA RM SI56D12 N — RN I I
18 IMEi e
‘:::.: 16 ) e 2
é
14 08
// ' a
‘s ‘(\
12 7 /,99— 04 ) }; 2&
10— }( 23 &Y =1 ‘\ \\Q N
F34 . rmﬂ NENR
8 M= Nj'l 4 j‘\ MW
o ENNGNERNE
6 - / 2 ‘:E 0~=o.? R % B
g /,0/ f 5 % =.j7 &\\ t\ k
; BAAT o SRS R
a8eee vyl BN N ;
VY] L O Y ~\
b ] ;/// A £ \\ \—’4 \:éo\
v g0 A 93
O £ 9/6‘; / e \j\ \ Py §'96 -
Ovoz0 | A j/ / —08 197
ot LA ; NAVEY
Ov=02 = A7 12 y\ R 1)
Ov=oor 4 4
qw:ml; v/v 1A e \\ -
0N=l. i u/f ﬂ 103
OV -20 \
. v{// e 3
-4 ' . —.28
-4 -2 0 2 4 6 8 10 -4 -2 0 2 4 6 8 10
Lift coefficient, C,_ Lift coefficienit, C

(a) Angle of attack and pitching-moment coefficient.

Figure 9.- Variation of aerodynamic characteristics with 1ift coefficient.
Configuration 1; complete model; it = -3%; A = 3.18; transonic inlet.



8.
%2 o Lo 80
\‘3 -? 7
28 f l
24 / / N
22 / 1 f -
2 /I i | £ L
&7
© i | 7 I %
6 / / [ / / ] 103
/ i / / / / / f 13
; / / / 7 i ;
b
» / 3 i ] 17
/ / / / 11/ / /
J / f / )i
R 8 . L A I /
- i/ . / /1] /
o / / p p A
04 4 / ] a <+
Y v ] d b | <1
02 —olo T C{‘Ow—o' Aﬁ{ )%L n/‘f i
M=06 90 93 % 97 99 103 NE
° -2 O 2 0 .2 o 2 0o .2 0 =2 o0 =2 4 6 B8

Drag coefficient, Cp

o2 0 .
Lift coefficient, C,_

(b) Drag coefficient.

Figure 9.- Concluded.

2Ta9GIS WH VOVN



o NACA RM SL56D12 o’ !“..‘ t e e’
00:0.: y
..:.. 14 =3 20
oe o ;Uw -
12 90— 16 5
»/ / a3l | f’\\g\\\"\q
i e R
8 FAIL/ MEARNANRN
f Y Loz ANTNAARN
6 f/f/f/ 5 04 ARAEN e
A AFY T 5 NOANENINNN
4 /// 7103 e 0N=0 y k )\\\‘:bM
- S / /7 < ﬂ' \‘v\ N \\’\ ?
f’: 2 //{c :/// 3 § OM_U:TT N »\\ LA ’\‘t \\’AO
< %o 4 e // & oy N
s %:mjl) 7 ///s/ v : g 0° i\ \\ -
g S £ ol N
0N= | o Lt o 0M|=l. 9 9_‘%
’ TN N N\ 9
Yo / i O3 N\ N
Qor™ 7 \
. Yo ;( —04 99
O™ }/ 1\
0~=' g / —-08 1.03
-2 I:/ —12 \§
s
-4 -.16
-4 -2 0 2 4 .6 .8 10 -4 -2 0 2 4 .6 8- 1.0
Lift coefficient, C_ Lift coefficient, C

(a) Angle of attack and pitching-moment coefficient.

Figure 10.- Variation of aerodynamic characteristics with 1ift coeffi-

cient. Configuration 2; complete model; iy = -8%; A = 3%.18; transonic
inlet.



Drag coefficient, Cp,

Lift éoefﬁcient, CL.

(b) Drag coefficient.

Figure 10.- Concluded.

3
o3
24 | 2y
22 % S & gj\
& S
* [ / / / o7 99 s m
18 060 / / / / i 1 .
i / / / J / / /
16 / | ( / ] ] / 73
/ ] / [
P / J ] 7
/ [ / / / 4 / / /
12 7 / / I / / 7 ;
. T 17 R/ EEETAREN
Y A A .
08 ; | , ;
06 / £ ( i 4 7
J K RN I/ K!\i—‘V/}('\mWN " : o.o
o & KI‘ > %V//éb—y/ -:ooo
NN PhaaSwdhe | seses
o—L_M=Q8Q P 20 93 % 97 99 103 IE oot
-2 0O 2 O =2 O 2 0 =2 0 =2 0 2 0 =2 0 2 4 6 8 s e



cccecs NACA RM SL56D].2 e’ :w-o ° o o ocoe oo
.:...E 18 M 16
3
*e L ] 16 J "
14 y P 8
ﬁﬁ% %
) ki o w
w A
8 // F/ 2N~= 3 " AN \D/Jn/(
74 = o e REp .
SV e 7 [Nt
) /°/ Z o422 e N iy ‘\*\ ™ 93
i;- 4 g lj /ﬂ{vlois § Ow ; q::\“ ::\\ ™~ %l
i‘; g / § - % N 1
:': 2 F/ /6 // / g ::ELQ N \R\R N 57
3 TV A7 : =773 AN DNN
g AV 7 g N 59
' i LAY I : N
I /Y 7 s 103
- 0 Z:f ; : 4 ; ' \\ i
il 7/ 4 12 T3
L {; 447 X
L A
°M|RI§I§ 7 4 —16
- / A
Ou=TTS 7 F —-20
7
-2 < —-24
i 2 0 2 a6 8 o i o P 2 PR = o

Lift coefficient, C_

Lift coefficient, C_

(a) Angle of attack and pitching-moment coefficient.

Figure 11.- Variation of aerodynamic characteristics with 1ift coeffi-

cient.

transonic inlet.

Configuration 3; complete model less horizontal tail; A = 3.18;



— -0

93

o)
ZTA9GTS W VOVN

w\_\‘_o &
———
W

—a|

/ . :....

97| XY

3 XYxxl
e o o

T e
I T —a—|
T
B e
'\q\\
\\‘-ﬂ

~L 1
D

13 ooo.

) / o000

Drag coefficient, Cp

R

A | / / 4 o

,/f/ ) 20000

4 7“\1’\5"7/' S~ | [ XXX X )

Pl
x{ /V’P/\1 _fcr/ D ecose

/O
T e d—ad 9] . . (]
9

[3))

9% 97 .9‘9 1. 113 essse

o
M=(£-6(() 80 0
0 0

. oy
2 0 =2 0O 2 0 =2 0o .2 o 2 O 2 4 6 8 soo
Lift coefficient, C

(b) Drag coefficient.

Figure 1l.- Concluded.



:.. :.‘ ... : '.. ... ... : :.. : :.. :..
s HE R T R .:. E E' E ::. 302
®e %ot NACA RM SL56D]_2 b oow P
:oo.‘ 18 16
*ee” o M
16 %) de
/
14 08
5 B
12 b4 04 e
r}{/ 93 ha \\ N
0 /F\ q\ﬂ[ X j \ 5 ‘\
8 4/ P> oimﬁ INLNEONW -
/ NN ENRRN
/ / / 97 £ o =053 ] \ \ m
7 { SPTTRNS KRS
5, Wi S i Wi CANNE
208020 I NN N NN WAL
g 2 9 P § OM?|;|3 \, N_ e, \ N
% / % A 3 > i NURYL
N Y- AN A £ _o4 N\ 33790\
o VANV * WYE:
ON: u/ & / / -8 \\ \ \4 \>97
N /Y %
%ﬂm Y / ~12 \ AN
E 3
4/ i\ loo| |
2:=0'97 4 -6 \ s,
- A f 103
Oy
=TT -20 l\
_2 E -24 )
-4 —-.28
-4 -2 0 2 a 6 8 10 -4 -2 0 2 4 .6 8 10
Lift coefficient, C_ Lift coefficient, G

(a) Angle of attack and pitching-moment coefficient.

Figure 12.- Variation of aerodynamic characteristics with lift coeffi-
cient. Configuration 4; complete model; iy = -30; A = 3.18; super-
sonic inlet (high-speed condition).



32

-8

.30

28 é

1
2Ta9dIsS WY VOVN

26

24 : /

22 7

MKLO'S

20 MEOBO | - i

97|

99 .03

@
-
i
e
—

Orag coefficient, Cp

»

I

|

]

™~

Mo

o

~

V4
02 m)’ }‘7 Zomy el

5 %7 99 103
5 #

2 0 2 o] .2
Lift coefficient, C_

Or.“g

(b) Drag coefficient.

Figure 12.- Concluded. .



NACA RM SI56D12

20

[o2]

D

Angle of ottack, a, deg

N \\,\\
DAV

N
SN T

D e BN N
2]

BN NI NI N

N

Pitching -moment coefficient, C

-4

—2 0 2 4 6 8 10
Lift coefficient, C,_

o088 we

L

e o [}
o 09 9
® o L]
e ®e0 oo

20
16
A2
08
o
04 yk\t:f\
=
|&)=«Tiso" RN
NN RN
ZENNONES
GANSONLANY
g";::s N \::\ v\\ \‘\::\\u N
=74 Y S N
i A N ANV
LA
gl NN
: S0
-04 A \\ ‘9325
%5
. A \w
" RN
N\ 99
—16 \\ 703
i
_24
—.28 :
2 0 2 a 6 8 10

Lift coefficient, C;

(a) Angie of attack and pitching-moment coefficient.

Figure 13.- Variation of aerodynamic characteristics with 1lift coeffi-
cient. Configuration 5; complete model; iy = -3°; A = 3.18; super-

sonic inlet (cruise condition).




.2

(o]

2

Lift coefficient, C

o]

(v) Drag coefficient.
Figure 13.- Concluded.

0|
=l
Sy
/l
O N
(XX ] -
. -
(X L X X J % : /
[ . ™
¢ o 0 R
[ XX AN J T~
(XX XX J
. G|, B
o ® o 53
[ AR X K J = /WA
™l
(2 X X X3 T
" o
e o [ J %b
L) L] -
" Q) ly//lv
* ™
Y I ]
L] /.IA.IIA. \w
., f/./«r
. & b Q
] o
oo [or—d
g or——-I_1
° () 1 F—t—1
o o o At ; 9.
esoee 5 ) i
o.o.. A o | ow/
csosse I S e et 3
=]
¢
]
™ NA
X
o
1
8 ;
Te) i N
H 1
2 &
R 8 % 8 8 & & & 8§ R =2 =2 % & =8 8
M @) * yusioy000 Boug
¢ oos see oo
o0 O o o
e . - [ X}
° ° ] [ 2N
° o0 TR}
eee o L4 .
L]




st NACA RM SL56D12 . *+ S i '. R EIRE
ooooo: 18 GOM 28
:Qoo. ‘}J'fSO
et 2 6 J; 2
14 ji@— 20
2 F o 6 o
il SN
10 /i;; ;ﬁ 12 = \A\§
B,
8 /AR EANNRNN:
zf /e E 3 AN ,
. VAW(VI VAT WVNRNNN
g ANALY A7 5 VAAEANANNR
A / AV Y s g oo N \’\h\‘c R
g Y VWA / £ 0#&* \\Kx AN
: . e ey i ANNSEARER
) ){ é’ (e X Na.
-] § Owon
Oy /'/z ;// & Oym AAUAN T\\\b
Q@ /J ’ . N R & R \g.%os,ao
°M=o.9|o“ s?’ ,/' V Ovro: \ N \5';5
O z VI T L proy \\ NOR D\}97
Q0%5° 7 O N
Ho /Y X
st /1Y - Nk
S | NANE
°w=|.oT° P
OpTTs -
Ny e \
13
g — 0 2 4 6 8 7 S a— 0o =2 4 6 8 10
Lift coefficient, C; Lift coefficient, C_

(a) Angle of attack and pitching-moment coefficient.

Figure 14.- Variation of aerodynamic characteristics with 1ift coeffi-
cient. Configuration 6; complete model; it = -89%; A = 3.18; super-
sonic inlet (cruise condition).



Orag coefficient , )

" 30

32

28

26

]

24

'\q\.,\\

.22

Pt |

.20

o271

a1 |

| —q—

\d\\,\

‘1\\

~~d_|

\\m

R ¢ S
=]
.

[~
N—ta

\C\
|~

/ v ’

N

A N
e

b—1—1

> 5

<0

ry

95 97 99
0

2 o 2 o .2
Lift coefficient, C,_

(b) Draeg coefficient.

Figure 1h.- Concluded.

z
>
2
&
S
5




: M
. 20 o 36
.:;E.: I8 é? 32
16 { % 28 b;]1k+‘*M
; / = 1 N
12 /@ // 20 E“‘f\o\\‘ V; e
A NI
o0 (Kl AR NN L IN
\\\ N WN
8 17 ) NENE=A
1/ TV Lo & N \
7. I f NN NEE SRV
§ b £ \\\& e
E 4 3 2 04 i \X 90
: piiaAv/s. g \Y\ N
o ‘ € %
/’ ¥ Vi }‘;3 Ov=0B:
Ovros: Vi M=z %2’9"9
S A A i
) Qi=as0 /’ ' O35 153
=053 / 4 y/ﬁ °
058 V OMEi
0 % QbMi i3
Q09 1 LT
Ot d
qv:uaf -04
-2 ~08
R —— 0o 2 4 6 8 o Tl 0 2 P 6 8 10
Lift coefficient, C,_ Lift coefficient, C_

(a) Angle of attack and pitching-moment coefficient.
Figure 15.- Variation of aerodynamic characteristics with 1lift coeffi-

cient. Configuration T7; complete model; iy = —160; A = 3.18; super-
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Figure 22.- Variation of aerodynamic characteristics with 1lift coeffi-
cient. Configuration 14; complete model; iy = -3°; &, = -7.5°;
A = 3.18; drooped supersonic inlet (cruise condition).
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Figure 25.- Variation of aerodynamic characteristics with lift coeffi-

cient.

Configuration 17; complete model; iy = -3%; op = -7.5%; body

with modified canopy; A = 3.18; drooped supersonic inlet (cruise
condition).
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Figure 26.~ Variation of aerodynamic characteristics with 1ift coeffi-
cient. Configuration 18; complete model; it = -3°; &, = -7.5°%; body
with modified canopy and M = 1 bump; A = 3.18; drooped supersonic
inlet (cruise condition).
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Figure 27.- Variation of aerodynamic characteristics with 1ift coeffi-
cient. Configuration 19; complete model; iy = -30; dp = -7.5°; body
with M =1 bump; A = 3.18; drooped supersonic inlet (cruise
condition).
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Figure 28.- Variation of aerodynamic characteristics with 1ift coeffi-
cient.
with M =1 bump; A = 3.69; drooped supersonic inlet (cruise
condition).

Configuration 20; complete model; iy = -3°; &, = -7.5°; body
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Figure 29.~ Variation of aerodynamic characteristics with 1lift coeffi-
cient. Configuration 21; complete model; it = -3°; &, = ~7.5%; body
with modified M = 1 bump; A = 3.69; drooped supersonic inlet (cruise
condition).
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Figure 30.- Variation of aerodynamic characteristics with lift coeffi-
cient. Configuration 22; complete model; it = ~3°; 5n = -7.50; body
with modified M =1 bump; A = 3.69; wing modification 2; drooped
supersonic inlet (cruise condition).
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Figure 31.- Variation of aerodynamic characteristics with either 1lift
coefficient or angle of attack. Configuration 23; complete model;
= -3%; &, = -7.5°; body with modified M = 1 bump; A = 3.69;
w1ng modification 2; drooped supersonlc inlet (cruise condition)
with inlet modlflcatlon 1.
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coefficient or angle of attack. Configuration 25; complete model;
it = -3°; body with modified M = 1 bump; A = 3.69; wing modifica-
tion 3; drooped supersonic inlet (cruise condition) with inlet
modification 1.
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Configuration 29; complete model less wing; iy
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Figure 40.- Effect of inlet design on aerodynamic characteristies. Com-
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wing modification 3; drooped supersonic inlet (cruise condition) with
inlet modification 1.
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Figure 48.- Effect of body-nose extension on aerodynamic characteristics.
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Figure 49.- Effect of canopy modification and M = 1 bump on aerodynamic
characteristics.

Complete model; iy = -39; &, = -7.59; A = 3.18;
drooped supersonic inlet (cruise condition).
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Figure 50.- Comparison of aerodynamic characteristics of afterbody bumps.
Complete model; it = -3°; 8, = -7.5°; A = 3.69; drooped supersonic
inlet (cruise condition).
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Figure 51.~ Effect of wing-tip extension on aerodynamic characteristics.
Complete model; it = -3°; 8 = -7.5°; body with M = 1 bump; drooped
supersonic inlet (cruise condition).
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Figure 52.- Effect of inlet-wing fairing (wing modification 2) and inlet
upper-1ip revision (inlet modification 1) on aerodynamic characteris-
tics. Complete model; it = —30; Bp = -7.50; body with supersonic bump;
A = 5.69; drooped supersonic inlet (cruise condition).
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Figure 93.- Effect of pylon stores on aerodynamic characteristics. Com-
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(cruise condition).
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Figure 5h.- Variation of effective downwash angle with angle of attack.
Complete model, A = 3.18, and complete model less wing.
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Figure 54.- Continued.
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Figure 54.- Concluded.
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ABSTRACT

This paper contains longitudinal stability and control and perform-
ance characteristics of a l/22—scale model of the Republic F-105 airplane
at Mach numbers from 0.60 to 1.13. The angle-of-attack range varied from
approximately -2° to 16° at the lowest Mach number to -2° to 9° at the
highest Mach number. 'No serious pitch-up difficulties were evident at a
constant Mach number. An afterbody bump markedly reduced the transonic
drag.








