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SUMMARY

An investigation has been made at a Mach number of 1.24 by the NACA
wing-flow method to determine the distribution of 1lift, drag, and

pitching moment between the wing and fuselage of a %5- scale semispan

model of the Bell X-5 airplane. Lift, drag, pitching moments, and wing
bending moments were obtained for various angles of attack for hoo, 5
and 60° sweptback duralumin wings in the presence of, but detached from,
the fuselage. In addition, tests were also made of a 60° sweptback
wooden wing in combination with the fuselage both with and without a
horizontal tail to determine the effect of wing flexibility on the longi-
tudinal stability characteristics. Results of the present tests are
compared with previous tests. The Reynolds number of the tests was about

1.0 X 1O .

For all sweep angles tested, the proportion of total 1lift carried
over on the fuselage was approximately equal to the ratio of the area
between the wing-fuselage intersections to the total wing area. The
lateral center-of-pressure “location for the exposed wing moved outboard
from 43 percent span of the exposed wing for Lo° sweep to 50 percent of

the exposed wing for 60° sweep.

The wing interference on the fuselage tended to create a stabilizing
effect, particularly at small angles of attack, which, at least partially
offsets the destabilizing contribution of the isolated fuselage.

The effect of increasing the flexibility of the 60° wing in bending
by about 2% times was to reduce the lift-curve slope about 3 percent and

to move the aerodynamic center forward about 4 percent of the mean aero-
dynamic chord.
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INTRODUCTION

As part of a program to determine the aerodynamic characteristics
of the Bell X-5 airplane incorporating a wing whose angle of sweep can
be varied in flight, an investigation was made at low supersonic speeds

by the NACA wing-flow method on a %B- scale semispan model. Results of
tests to determine the longitudinal stability characteristics of this
model with the wing sweptback 60°, the effect of sweepback on the longi-
tudinal stability characteristics, the longitudinal-control effectiveness
and downwash characteristics, and the effects of fuselage flap-type dive

brakes on the aerodynamic characteristics have been reported in refer-
ences 1 to 4, respectively.

This paper presents results of tests made to determine the distri-
bution of 1lift, drag, and pitching moment between the fuselage and wings
sweptback 40°, 50°, and 60°. In addition, the root bending moments of
these wings and the effect of wing flexibility on the longitudinal sta-
bility characteristics of the model with the wing sweptback 60° were
determined. This paper presents results of measurements of normal force,
chord force, pitching moment and wing bending moment for the various
configurations over a range of angles of attack. The effective Mach
number at the wing of the model for the tests was about 1.24 and the

Reynolds number was of the order of 1.0 X 106.

SYMBOLS
B bending moment of exposed wing about wing pivot point, inch-
pounds
b/2 model wing span, inches
bl/2 distance from pivot point to model wing tip, inches
(o local wing chord parallel to plane of symmetry (position of

wing within fuselage is considered to be formed by perpen-
diculars from wing-fuselage intersection to plane of sym-
metry), inches

0]

mean aerodynamic chord of wing based on the relationship

b/2
Jf cedy
0

;FE;E;————u inches

c dy
0
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mean aerodynamic chord of tail, inches

Y '

by
35e -y

bending-moment coefficient about wing pivot point

drag coefficient (D/qS)

drag coefficient of fuselage (based on wing area)

1ift coefficient (L/qS)
pitching-moment coefficient (M/qST)
normal-force coefficient, based on exposed wing area

rate of change of 1lift coefficient with angle of attack

rate of change of pitching-moment coefficient with angle of
attack referred to 0.26¢

drag, pounds

incidence of horizontal tail (referred to wing-chord plane),
degrees

lift, pounds
pitching moment about center line of balance, inch-pounds

local Mach number at wing surface of North American F-51D air-
plane

effective Mach number for tail of model
effective Mach number for wing of model

effective dynamic pressure for the wing of the model, pounds

per square foot (%QVE)

Reynolds number based on mean aerodynamic chord ¢

b/2
wing area, semispan model, square feet <f (o dy>
0]
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| Se exposed wing area, semispan model, square feet

| v velocity, feet per second

| y spanwise coordinate, inches

‘\ Yy lateral center-of-pressure location (from pivot point), inches
| (9@ EL)

\ Cy <2

\

\ a angle of attack (referred to wing-chord plane), degrees

A sweepback angle referred to 25-percent chord line of 50° wing
1 o) mass density, slugs per cubic foot

‘ A prime indicates coefficients based on dimensions of configuration with
r 60° sweptback wing.

\

|

i A subscript O refers to zero 1lift.

|

g APPARATUS AND TESTS
r

|

1 The tests were made by the NACA wing-flow method in which the model
| is mounted in a region of high-speed flow over the wing of a North

‘ American F-51D airplane. The contour of the airplane wing in the test
region for the present investigation was designed to give a uniform

| velocity field at Mach numbers near 1.25 at a flight Mach number of

‘ approximately 0.T71.

\ The components of the semispan model of the Bell X-5 airplane con-
sisted of three dural wings sweptback 40°, 50°, and 60°, one wood wing

‘ with a steel core sweptback 600, a fuselage equipped with an end plate,
and a horizontal tail of -6° incidence. Except for the wood wing, which
had the same dimensions as the 60° sweptback dural wing, these components
were the same as those used in references 1 to 3. Some of the geometric
characteristics of the model are given in figures 1 and 2 and table 1.

‘ In tests to determine the distribution of 1lift between the wing and

‘ fuselage the dural wings were separated from the fuselage by a suitable

\ gap to allow for the measurement of forces on the wing in the presence

| of the fuselage (see fig. 3). A small end plate was attached to the

\ wings near the wing-fuselage juncture and was spaced from the fuselage

‘ by about 0.02 inch to minimize the leakage of air through the gap
between the wing and fuselage (figs. 3 and 4). These configurations




NACA RM L51K27 7

were tested without the horizontal tail. The wing shank, which passed
through the skin of the F-51D wing, was equipped with strain gages to
measure the bending moments of the wing of the model in presence of the
fuselage.

In a test made to determine the effect of the gap used between the
wing and fuselage in the wing-detached tests the wing was attached to
the fuselage, and the gap in the fuselage around the wing was approxi-
mately simulated.

The 60° sweptback wood wing was tested in combination with the
fuselage without the horizontal tail and with the tail having an inci-
dence of -6° (fig. 5) in order to indicate the effect of flexibility on
the aerodynamic characteristics. The wing was built of laminated birch
wood with a small steel core (fig. 2). Static load tests indicated
that the wood wing was about 42 percent as stiff, in bending, as the
dural wing.

In order to facilitate reference to the various test configurations
the following abbreviated designations have been adopted:

Wing-Detached Configurations

Designation Description of configuration
WaaFeg 40%, 50°, and 60° sweptback dural wings in the presence
of but detached d from the fuselage, with a small
whOdFeg end plate e attached to the root of the wing with a
We T gap g of about 0.02 inch from the fuselage; no hori-
50d" eg zontal tail
W60dFeg

Wing-Attached Configurations

WAF dural wing-fuselage configuration of reference 3
WsAF 60° dural wing-fuselage configuration with wing end
60" eg g .
plate e; gap g around fuselage of configurations
%\dFeg approximately simulated; no horizontal tail
L I 60° wood w wing-fuselage configuration; no horizontal
60 :
tail
wW6OFT—6 60° wood w wing-fuselage configuration with horizontal

tail; 1y = ~6°
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WgoFTo6 60° dural wing-fuselage configuration with horizontal
tadi ity = -6° (weference 1)

Other Configurations
F fuselage alone configuration of reference 2

WpF - F results obtained by combining data of configuration
W F and configuration F as described in text

The model was originally designed and constructed so that the
pitching moment would be measured about the 25-percent mean-aerodynamic-
chord position (gross weight center of gravity of the full-scale air-
plane) of the wing in each sweep position. However, subsequent changes
in wing spen and fillets resulted in the fact that the position about
which the pitching moments were measured corresponded to the 35-, 29-,
and 26-percent mean aerodynamic chord of the 40°, 50°, and 60° wings,
respectively.

A typical chordwise Mach number distribution in the test region on
the airplane wing as determined from static pressure measurements at
the wing surface with the model removed is indicated in figure 6. The
method of determining the effective dynamic pressure at the model wing
q and the effective Mach number at the model wing M, can be found in

references 1 and 5.

The method of testing was similar to that described in references 1
to 3. For the present tests, the Mach number of the wing of the model

was about 1.24. The Reynolds number was about 0.9 X lO6 +9 percent for
the 40° wing, 0.9 X 106 +3 percent for the 50° wing, and 3.1 % 106

49 percent for the 60° wing based on their respective mean aerodynamic
chords.

PRESENTATION OF RESULTS

The results are presented in figures 7 to 15. The following table
lists the quantities and configurations shown and the figure numbers in
which they appear:
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|
|
F Quantity Configurations Figure number ;
‘ ° Cr, and C, against a; whOdFeg T(a)
[ C;, against Cp W5OdFeg 7(b)
gt End C,' against a; W6OdFeg T(c)
Cr,' against Cp'
|
|
|
Cg against Cy WﬂdFeg 9
\ Cr. and Cp' against a WAdFeg; w6OFég5 WAF 10 /
|
v 3 |
\ Cp and Cp' against « WAdFeg5 WAF; W6OFeg5 11 |
|
WAF - F3 WeoF o = F; F 2
‘ Cp and Cp' against « WAdFeg; W6OFeg3 WAF; F a2
j v ’ J d Wb o W, B3 WEeR ’
by /2’ L, o A eg’ "N’ "60"eg’ |
: Cm,' against A F; WoF - F; WgoFeq = F; 13 |
|
- |
| WA = WpaFeg }
‘ C.' and Cp' against o; Wyeof T g 14(a) |
; |
CL' against Cp' W F 14(b) :
60 |
WeoFT g5 Woe FT g 15(a)
oot Hye 15(b)

wing (configuration WpAF - F) was obtained from the expression

|

|

\ |

|

| |

|

|

|

) |
| The calculated variation of Cp with o (fig. 11) for the exposed

|

|

|

J

(1) |

|

S
b =C & Co ' a4 i -
e -7 Pwm, T Or (DWAF D(WAF)O> s

‘ where the final term takes into account the induced drag cf the exposed
wing. A similar expression was used to determine CD for configuration
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W6OFeg - F. The values of Cp' for configuration W\dFeg and the
values of Cp' for configuration F (fig. 13) which were used in the
computation of values of Cp' for configurations WpF - F and
W60Feg - F were obtained at the same angles of attack as for the WjF
configuration at lift coefficients Cy' of O and 0.4, Similarly, the
values of Cp_ ' (fig. 13) for configuration Wy4Fe, were obtained at

the same angles of attack as for configuration WAF at 1ift coefficients
Cr' of 0 and 0.k,

DISCUSSION

Lift Characteristics

A comparison of the variation of 1ift coefficient with angle of
attack for configurations WgoF and W6OFeg (fig. 10) shows the same

lift-curve slope, indicating no effect of the gap on the 1ift
characteristics.

The lift-curve slopes over the linear portion of the curves for
configurations WyogFegs WsogFegr 2nd WeoaFeg BT€ 0.049, 0.049, and

0.039, respectively. These compare with values of lift-curve slope for
the W\F configurations (reference 3) of 0.063, 0.062, and 0.052 for

the 40°, 50°, and 60° wings, respectively. It will be noted that in

both cases there is little or no change in lift-curve slope between L40°
and 50° sweep. This result is substantiated by a number of other tests
with a tail on (see reference 3). If the values of lift-curve slopes of
configurations WyogFegr Ws0afeg: and WgogFeg (fig. 10) are adjusted,
respectively, by the ratios of the total wing area (which includes that
portion in the fuselage between perpendiculars from wing-fuselage inter-
sections to the plane of symmetry), to the exposed wing area (1:295; 1505
1.31), the resulting values of lift-curve slope are 0.0635, 0.064, and
0.051, which are very nearly equal to the values for configurations WpF.

Thus the proportion of total 1lift carried over on the fuselage is about
equal to the ratio of areas between the fuselage-wing intersection to
the total wing area. The lift-curve slopes CLQ' for configurations

WAF and WpadFeg (fig. 13) decrease with increasing sweepback angle, and

at, 60° sweep, the slopes are about T4 percent of the values at 40° sweep.
The decrease in CL@' between sweep angles of 40° and 50° is due to the

decrease in wing area as the sweep angle is increased. The fuselage
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contributes a constant increment in CLa' of 0.012 (based on the

60° wing area) for the three sweepback angles tested.

The lateral center-of-pressure location for configuration WagFeg

(fig. 13) moved outboard of the pivot point from 43 percent of the span
of the exposed wing for 40° of sweepback to about 50 percent of the
exposed wing span for 60° of sweepback.

Drag Characteristics

A comparison of the drag coefficients of the w6OdFeg and
W6OFeg - F configurations (fig. 11) indicate that, over a range of

angles of attack of -2° to 12°, configuration WgoFeg = F has a small
favorable interference effect on the drag of the fuselage of 10 to
15 percent of the wing drag. The interference of the wing in the WgoF

configuration on the drag of the fuselage is therefore believed to be of
the same order. A similar comparison for the 50° and L40° sweepback
cases cannot be made since no results are available for the WBOFeg and
WMOFeg configurations. Because of the appreciable effect of the end

plate and gap on drag as may be noted for configurations W6OF - F and

WgoFeg ~ F (fig. 11), the difference in values of Cp' for WpgFeg
and WpF - F configurations do not indicate the interference effect of

the wing on the fuselage (fig. 13). For the same reason the absolute
values of drag coefficient of configurations wAdFeg are not considered

to be reliable.

Pitching-Moment Characteristics

A comparison of the variation of pitching-moment coefficient with
angle of attack for configurations w6OFeg and WgoF (fig. 12) indicates

that the gap and end plate at the wing-fuselage Jjunction of the w6OFeg

configuration has little effect on the zero-lift moment but does have
some destabilizing effect equivalent to a forward shift in aerodynamic
center averaging about 2.5 percent ¢ over the range of angles of
attack covered. Whether this effect arises from changes in flow over
the fuselage or over the wing was not determined and therefore the con-
tributions of the wing interference on the fuselage to the stability as
indicated by comparisons of the pitching-moment data for configurations

W, .F W,F, and F should be considered as qualitative.
AL egh AT
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The fuselage in the presence of the wing (see fig. 12) gives a
nose-down pitching moment at a = 0° or C, =0 which is somewhat

greater (15 to 30 percent depending on sweep angle) than that for the
isolated fuselage (reference 2).

A comparison of the stability parameter Cma' for configurations

WAdFeg and WpF (fig. 13) shows that at low 1lift coefficients there is

little or no difference, indicating that the 1ift load carried over on
the fuselage from the wing has a stabilizing effect which largely off-
sets the unstable moment variation of the fuselage itself. At the higher
1ift coefficients (about 0.4) the fuselage in the presence of the wing
does reduce the stability but the amount of the change is still less

than the unstable Cpy' of the isolated fuselage. The Cma‘ for ithe

fuselage as determined from WAF - WAdFeg indicates a stabilizing effect

of wing interference on the fuselage as compared to Cma' for the

isolated fuselage.

A comparison of the values of Cma' for the w6OFeg and w6OdFeg

configurations where the gap and end plate effects are present in both
cases suggests that the stabilizing effect of the wing interference on
the fuselage may be somewhat less than is indicated by the comparisons
of WAF and wAdFeg .

Flexibility

Substitution of the wooden wing (about 42 percent as rigid in
bending as the dural wing) resulted in a h-percent decrease in lift-
curve slope for configuration Ww6OFT_6 (fig. 15(a)) and a 2 percent

decrease for the WV6OF configuration (fig. 15(b)). This reduction in

1ift-curve slope is in agreement with the fact that bending of a swept-
back wing effectively reduces the local angle of attack along the span

for streamwise sections, resulting in a reduction of the over-all 1ift

of the wing.

The reduction of the local angle of attack along the span of a
sweptback wing also results in a destabilizing effect. This effect is
indicated in figure 15(a) by the 3 percent c forward shift of the
aerodynamic center for configuration wwéoFT-6 and in figure 15(b) by

the M% percent forward shift in aerodynamic center for configuration

Wygof - The preceding values of aerodynamic-center shift are averages
taken over a range of 1ift coefficients from O to Ok
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CONCLUSIONS

The results of an investigation to determine interaction effects

between the wing and fuselage of a é%-—scale semispan model of the

Bell X-5 airplane at a Mach number of 1.2k are as follows:

1. The proportion of total 1ift carried over on the fuselage was
about equal to the ratio of areas between the fuselage-wing intersection
to the total wing area.

2. Wing interference on the fuselage tended to give a stabilizing

effect, particularly at small angles of attack, which, at least partially,

offset the destabilizing contribution of the isolated fuselage.

3. The lateral center of pressure location for the exposed wing
panel moved outboard of the pivot point from 43 percent span of the
exposed wing for 40O sweepback to 50 percent of the exposed wing for

60° sweepback.

L. The effect of increasing the flexibility of the 60° wing in
bending by about 2% times was to reduce the lift-curve slope about 3 per-

cent and to move the aerodynamic center forward about 4 percent of the
mean aerodynamic chord.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I
GEOMETRIC CHARACTERISTICS OF é%n—SCALE SEMISPAN MODEL

{ OF BELL X-5 VARIABLE-SWEEP ATIRPLANE
|

Wing dimensions:
Section (perpendicular to unswept 38. 58 percent line of wing)

1 R e e v o o is "o s w s Al A o Lt te a ot VRS 6h(lO)AOll
! LS S A R U G 64(08)Aoo8 6
o A T R e LR T 50° 60°
R R i R B N 4 .60 3.88
Mean aerodynamic chord, in. « . « . . . . 3.10 3.20 3.6L
aeameat tip, in. . . . SR e e 200 1 1.84 1.84
{ Chord at plane of symmetry, in. 5 Lup i i A 4.50 4,25
S ETan ), 8 10, . . . o 0. o« oo 180T 14.20 13.79
] Exposed area, sq in. 5 Pl U e e e ST 106,03 10,92
Mepeetivatio . . . . LA Bt . W 2.98 2.18
\ | Dihedral (chord plane) deg i) 5 e 0 0 0
| Incidence (chord plane), AEE . peler i 0 0 0
Lt Horizontal tail:
| B e o 2 s e s v e w6 e e e e w e s s et e
Semilspan, din. . . . s RN AR Rk S R ST R T 1.91
‘ Mean aerodynamic chord, Iha T8 e Seia el 4R et e 5 e FhIeR e S
[ GhordEe bt tip, in, ., . ¢ Biier o el drebitate wilie. el <le ) il CIRIETe 0. (2
\ Chord at plane of symmetry, in. R Sy W 1595
\ Area (semispan) sq in. ... . P PR e 2
AEpeet ratio . . . : e e T e Rl e e e T
Height (above wing chord), in, e A A S
Length 0.26¢ of 60° swept wing to O. 25ct, 106" v e @ n Tere nisil

SNACA
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} Figure 1l.- Degails of the semispan model of the Bell X-5 airplane with
wing in 40°, 500, and €60° sweep position. (A1l dimensions are in
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I Figure 3.- Schematic diagram of apparatus for testing model wings in
presence of but detached from model fuselage. (A1l dimensions are
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Figure 4.- Photograph of é0° sweptback wing with wing-root end plate
attached, in presence of but detached from fuselage of Bell X-5
wing-flow model.
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Figure 5.- Photograph of Bell X-5 semispan wing-flow model with &° swept-
back wood wing; iy = =07,
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Figure T7.- Aerodynamic characteristics of wing of semispan wing-flow model
of Bell X-5 airplane in presence of but detached from model fuselage
(wAdFeg); tail off; My = 1.24. (Coefficients based on respective wing

dimensions.)
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Figure 8.- Aerodynamic characteristics of semispan wing-flow model of
Bell X-5 airplane with 60° wing and end plate and gap of configu-
rations WygFeg simulated (WgoFep); teil off; My = 1.2k, (Coeffi-

cients based on €0° wing dimensions, )
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ence 3., Configuration WébFeg also shown. Bell X-5 semispan wing-flow

model; tail off; My = 1.24, (Coefficients based on respective wing
areas. )
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Figure 1l.- Variation of Cp with a for the three sweepback angles

tested for various configurations.
model; tail off; My = 1.2k,

wing areas.)

Bell X-5 semispan wing-flow

(Coefficients based on respective
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Figure 12.- Comparison of Cp against a

of reference

Bell X-5 semispan wing-flow model; tail off; M, = Lydd,
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curves of wing-detached
configurations (WA&Feé) and the wing-fuselage configurations (WAF)
3. Configurations WéoFeg and F also shown.

(Coeffi-

cients based on dimensions of respective wings.)
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Figure 13.- Effect of sweepback angle on spanwise center-of-pressure

location, and on drag coefficient, slope of 1lift curve, and stability
and Cp' = 0.4 for various configu-

Bell X-5 semispan wing-flow model; tail off; My = 1.2k,

parameter Cma
rations,

1

R AR

(Coefficients based on dimensions of 60° wing.)
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Figure 1lh4.- Aerodynamic characteristics of semispan wing-flow model of
Bell X-5 airplane equipped with a wooden wing. A = €0°, My = 1.2k,

(Coefficients based on dimensions of 60° wing.)
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(b) Tail off (ww 6OF).

Figure 1k4,- Concluded.
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Figure 15.- Comparison of aerodynamic characteristics of semispan model
of Bell X-5 airplane equipped with a wooden wing with those of the
model equipped with a dural wing. A = 60 sy My = 1. 24, (Coefficients

based on dimensions of 60° wing.)
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