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SUMMARY

As part of an NACA transonlc research program, a series of
wing~body cambinstions are belng investigated In the ILangley
high-speed 7— by 1l0—foot tunnel over a Mach number range of 0.60
to 1.18 utilizing the transonic-bump techniquse.

This paper presents the results of the investigation of a
wing alone and a wing—fuselage cambination employing a wing with
an unswept quarter—chord line, aspect ratio 4, taper ratio 0.6,
and an NACA 65A006 airfoil section. Lift, drag, piltching mament,
and root bending moment were obtglined for these configurations.
Effective downwash angles and dynamic—pressure characteristics
were also Obtained for these configurations for & renge of tall
beights in the region of a probable tall location. In order to
expedlte publishing these data, only a brief analysis ls included.

INTRODUCTION

A peries of wings 1s being investigated In the ILangley
high-apeed T— by 10—foot tummel to study the effects of wing
goamstry on the wing—alone and wing-—fuselage longltudinel stabllity
characteristics at transonic speeds. The same fuselage 1s being
used for all winges tested iIn this series. A Mach number range
between 0.60 and 1.18 1s obtalned by utilizing the transonic—bump
technique.

- | R o UNCLASSIF1ep



2 AR NACA RM LgH22

Thls paper presents the results of the investigatlion of the
wing-alone and of the wing—fuselage configurations employing a
wing with an unswept quarter—chord line, aspect ratio 4, taper
ratio 0.6, and an NACA 65A006 airfoll section parellel to the .
ailr astream. The results of closely related sweptback-wing investi—
gations, which are part of the present transonic progrem, are
presented in references 1 to 3.

MODEL AND APPARATUS

The wing of the semispan model had O° of sweepback referred
to the quarter—chord line, a taper ratio .of 0.60, an aspect ratio
of 4, and an NACA 65A006 airfoll section parallel to the free stream.
The wing was made of beryllium copper and the fuselage of brass.
A two—view drawing of the model 1s presented in figure 1, and -
ordinates of the fuselage of fineness ratlo 10 can be found in
table I.

The model was mounted on an electrical strain-gage balance
enclesed in the bump, and the 11ft, drag, pitching moment, and
bending mamsnt about the model plane of symnetry were messured
with potenticmeters.

Effective downwash angles were determined for a range of tail
heights by measuring the flcating angles of freeflcoating tails
with the aid of callbrated galvanameters. Details of the floating
tails are shown in figures 2 and 3, and a pictarial view of the
model on the bump, showing three of the floating tails, is given
in figure 4. The taille used in this Investligation were of the
same geametry as those used in references 1 ta 3. A plctorilal
view of the sponge wiper seal installed on the model is shown In

figure 5.

A total-pressure rake was employed to determine point dynamic—
presgure ratios for a range of tall heights in a plane which
contained the 25-percent-mean-aerodynamic—chord point of the
free—floating tails. The total-pressure tubes were spaced 1/8 inch
apert near the wing chord line extended and 1/4 inch apart elsewhers.

A few surveys were also made in a spenwise plane at the same
longitudinal location aa the previously dlscussed surveys. The
rake ubtillized for these additional surveys had a tube spacing
of 1/4 inch.



NACA RM IgH22

Qi

SYMBOIS

wice panel lift)

T
1ift coefficient
qS

Twice panel dra
drag coefficlent ( ° 5 g)
: Q

p_itching—m_cm_ent coefficlent referred to 0.25C

(Twice panel pliching moment )
gsS¢

bending-mament coefflclent at plane of symmetry
<Root bending momen'b)

S
< 3

effective dynamic pressure over span of model,

pounds per square foot (%pve)

twice wing area of semlspan model, 0.125 square foct

mean sesrodynamic chord of wing, 0.181 foot; based on

b /2
relationship % / c2dy (using thsoretical tip)
0 .

local wing chord
twice span of semlspan model
spanwise distence from plane of symmetry

air density, slugs per cublc foot

-airs_pe_ed, feet per second

effective Mach number over span of model
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M, local Mach number

Mg average chordwise local Mach number

R Reynolds number of wing based on ¢

oA angle of attack, degrees

€ effective downwash angle, degrees

qvake/q rat;;e:iuﬁgint dynamic pressure to free—stream dynamic
ycp lateral center of pressure, percent semispan_

100Cy
C1,
hy tail height relative to wing chord plane extended,

percent semispan, positive for taill positicns
above chord plane extended L

TESTS

The tests were made in the langley high-speed 7— by 10—foct
tunnel utilizing an adaptation of the NACA wing-flow technique for
obtaining transonic speseds. The technique used Iinvolves placing
the model in the high-velocity flow field generated over the curved
surface of a bump on the tunnel floor. (See reference 4.)

Typical contours of local Mach number in the vicinity of the
model location on the bump, obtained fram surveys with no model
in position, are shown in figure 6. It is seen that there is a
Mach number variation of about 0.05 over the model semlspan at low
Mach numbers and fram 0.07 to 0.08 at the higher Mach numbers. The
chordwlse Mach number variation is gemerally less than 0.01. No
attempt has been made to evaluate the effects of thils chordwlae
and spanwise Mach number variation. Note that the long-dashed
lines shown mear the root of the wing (fig. 6) represent a local
Mach number 5 percent below the maximugr value and indicate the .
extent of the bump boundary layer. The effectlve test Mach number
was obtained fram contour charts similar to those presented. in
figure 6 using the relationship
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The variation of mean test Reynolds number with Mach number
is shown in figure 7. The boundaries in the figure indicate the
range in Reynolds mumber caused by variations in stmospheric test
conditiong in the course of the Investigation. .

I[N

Force and moment data, effective downwash angles, and the
ratio of dynmamic pressure at 25 percent of the mean serodynamic
chord of the free—floating tails to free—stream dynamic pressure
were obtained for the model wing-alone and wing—fuselage configure—
tions tested through a Mach number range of 0.60 to 1.18 and an
angle—of-attack range of —2° to 120. A few surveys were also made
to determine the spanwlse variation of weke dynamic pressure at &
Mach number of 1.10.

The end—plate tare correctloms to ths drag and to thse down.wash
data were obtained through the test Mach number range at 0% angle
of attack by testing the model configurations without end plates.

A gap of about 1/16 inch was maintained between the wing root

chord and the bump surface, and a sponge wiper seal was fastened

to the wing butt beneath the surface of the bump to minimize
leskage. The end—plate tares were assumed to be constant with
angle of attack, and the tares cobtalned at zero angle of attack
were applied to all drag and downwash data. dJet-boundary corrections
have not been evaluated because the boundary conditioms to be -
satisfied are not rigorocusly defined. However, Inasmuch as the
effective flow fleld 1s large campared wlth the span and chord of
the model, the corrections are believed to be small. No bage—
DPressurses correctlon has been applied to the wing-fuselage drag data.

By measuring tail floatling angles without a model installed,
1t was determined that a tail spaclng of 2 inches would produce
neglligible Interference effects of reflected shock waves on the
tail floating angles. Downwash angles for the wing-alone
configuration were therefore obtained slmnultansously for the middlse,
highest, and lowest teill positions in one series of tests and
simulteneously for the two intermedlate positions In succeseding
runs. (See fig. 3.) For the wing—fuselage tests, the effective
downwash angles at the chord plane extended were determined by
mounting a free—floating tail on the center Iline of the fumselsags.
The downwash angles presented are increments fram the tail Plcating
angles without a model in position. It should be noted that the
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floating angles measured are a measure of the angle—of-zero pitching
mament about the taill pivot axis rather than the angle—of-zero 1lift.
It has been estimated, however, that for this tall arrangement a
downwash gradient as large as 2° across the span of the tall will
result in an error of less than 0.2° in the messured downwash angle.

The total-presstire readlings were cbtained at congtant angles
of attack through the Mach number ranges without an end plate on the
model to elliminate end-plate wakes and with the support—strut gap .
gsealed with a rubber sponge seal to minimize any strut—leakage effecta.
The statlc—pressure values used 1n compubing the dynamlc-pressure
ratios were cobtained by use of a static probe with no model in
position.

RESUILTS AND DISCUSSION

A table of the figures presenting the results follows:

i Flgure
Wing—alone force dat@ « « « « « « = ¢ o = o o s s 4 4 4 s s e s 8
Wing-fuselage force data . . . . e e e e . 9
Effective downwash angles (w-ing—alone con:f'iguration) o e e e s 10
Effective downwash angles (wing—fuselage configumticn) “ o s s 11
Downwash gradlents . .+ + « « & & « &+ o o o s ¢ o o o o o s+ o 12
Dynamic—pressure SULVEYS « « + ¢ « o ¢ o = s o o 32 o s o s o » 13
Spanwise dynamic—Pressure SULVOYS « « « « « o o o o o o o = o« &« 14
Summary of asrodynamic characteristics .« . « « - « « ¢« ¢ ¢ « & 15

The dlscussion is based on the summarized values glven in
figure 15 unless otherwise noted. The slopes summarized in figure 15
have been averaged over a lift-coefficient range of +0.1.

Lift and Dreg Characteristics

The i1solated—wing lift—curve slope msasured near zerc 1lift
was about 0.0Thk at a Mach number of 0.60. This value campares
favorably with a value of 0.073 estimated for this Mach number
using unpublished semispan data for a geametrically simllar model
from the Iangley two-dimensional low—turbulence twmel (R = 3.0 x 106

to 12.0 X 106) as & low—epeed point and applying a compressibiilty
correction as cutlined in reference 5. The peak li1ft—curve slope
occurred at about M = 0.87 with a secondary peak at M = 1.03. The
addition of the fuselage wenerally had only a slight effect on the
1ift—curve slope, although the peak lift—curve slope was delayed to a

Mach number of about 0.92.
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Drag rise at zero 1ift begen at a Mach number of gbout 0.87
for both the wing—elone and wing—fuselage configurations.

The lateral center of pressure for the wing alone was located
at 42 percent of the semispan at a Mach number of 0.60 at 1ift
cocefficients below 0.5. The same lateral center—of-—pressure location
.wes obtained at low speed and high Reynolds numbers in the Langley
two-dimensional low=turbulence tunnel for a geamstrically similar
model. The lateral center of pressure graeduslly moved oubboard as
the subsonic speeds increased and was located &t about 4.5 percent
of the semispan at M = 0.98. Between M = 0.98 and 1.05 +there was
a fairly abrupt inboard movemsnt of Tep bo k1 percent of the semispan

and this value remained about constant up to M = 1.18. The addition
of the fuselage moved Yep inboard fram 1 to 2 percent of the

semispan through the Mach number renge.

Pitching-Maoment Characteristics

Near the zero 1i1ft coefficient the wlng-alone serodynamic center
was located at about 24 percent of the mean serodynsmic chord

ECE = 0.01l] at low Mzch numbers. The sercdynamic center moved
oCx, "
forward about 3 percent of the mean aerodynamlc chord as the Mach number
was increased to 0.84k. In the speed range between M = 0.84 and 1.03
the aerodynamic center moved back to about 37 percent mean asrodymamic
chord and thereafter remained about constent up to M = 1.18. The
addition of the fuselage moved the aerocdynamic center forward aboub
T percent mean saerodynemic chord at the lower Mach numbers and
fran b to 5 percent forward at Mach numbers above unity. By using
the theoretical methods of reference 6, it was estimated that the
fuselage would move the wing—elons aerodynamic center forward about
6 percent mean aerodynamic chord at low subsonic speeds.

Dovnwash and Dynamic—Pressure Surveys

The downwash gradient de/do near zero 11ft for the wing
alone was & maximum slightly above the chord plans extended throughout
the Mach number range. (See fig. 12.) The variation of d.e/da. with
Mach number for taill positions of 0 and 30 percent of the semispan
above and below the chord line extended was gulte similar to the
lift—curve—slope variation with Mach mumber in that a double peaking
was present at about the same Mach numbers. (See fig. 15.) Between
the peak values of downwash gradient which occurred at M = 0.90
and 1.02, a rather rapid variation of d€/do with Mach number is

-
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indicated. When the fuselage was added tc the isolated wing
these large changes 1n downwash slope were not evident.

The results of the point dynamic—pressure surveye made in
a vertical plane containing the 25—percent-mean-aerodynamic~chord
point of the free-floating talls used In the downwash surveys
are presented in figure 13. Below a Mach number of 0.95 there 1s
very little difference In the wake characteristics of the wing—
alone and wing—fuselage conflguraticns except that larger wake
losses are indicated at o = 10° for the wing—fuselage conditiom
because of a more fully developed stall. At the Mach numbersas
above 1.00 at moderate and high angles of attack, however, the
wake apsoclated with the wing—fuselage configuration was much
more extensive than the corresponding isolated—wing wake (fig. 13).
In order to gain further information concerming the possible
cause of these wake dlfferences, a few spanwlse surveys were made
at the sams tail length used for the vertical surveys. The
results of thesme additional surveys (fig. 14) indicated that, although
the isolated~wing wake losses are practically constant along the
span of the tail, a very large spanwise dynamlc—pressure gradlent
wag present near the fuselage. The flagged symbols plotted in
figure 1% represent the data cbtained fram figure 13 for the same
survey location. It 1s apparent fram the camparison of the two
sets of data that, while the wake messurements behind the wing alone
could be repeated, the wake characteristics behind the wing—fuselage
cambination could not be repeated. These dlecrepancies in weke
behavior as wall as the steep gradient in dynamic pressure close to
the wing~fugelage Juncture may be attributable to unsteady flow
conditions induced by shock formatlons and separaticn at the wing-—
fuselage Juncture.

Iangley Aeronautical Isboratory
National Advisory Camittee for Aercmautics
Iengley Alr Force Base, Va.
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TABLE I.— FUSELAGE ORDINATES

NACA RM ILgH22

[Basic fineness ratio 12; actual fineness ratio 10
achieved by cutting off the rear one-sixth of

the body; ©/fF located at 1/2]

2= /4. 14"
7 8¢
2 _ l
< DMax) —
—
Ordinstesa
x/1 r/1 x/1 r/1
0 0]

.005 .00231 L4500 ] .0k1k3

0075 | .00298 5000 | .04167

0125 | .o0k28 5500 | .04130

.0250 | .00722 .6000 | .oho2h

0500 [ .01205 65001 .03842

0750 | .01613 .TO00 | .03562

.1000 | .01971 75001 .03128

1500, .02593 .gooo .02526

.2000 | .03030 .8338| .02000

2500 | .03465 8500 | .01852

.3000 | .03741 .9000 | .01125

.3500 | .03933 .9500 | .00h439

L4000 | .04063 1.0000 | O

L. E. radius = 0.00051
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Flgure L.~ General arrengement of a model with 0° sweptback wing, aspect ratio 4, taper ratio 0.6,

and NACA 65A006 eirfoll gection.

SCHOT W VOVN




I
|
A

Bump surface

™ Centerline of' balance
normal to bump surface

. . End plate used with
H8 Maximum diameter ] [ 250 \flodting fail in fuselage

cale,inches

Figure 2.— Detalls of free—floating teil mownted in fuselage of a model with 0° sweptback wing, aspect
ratio 4, taper ratio 0.6, and HACA 654006 mirfoil section.
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Figure 3.— Detalls of free—flosting talls used in surveys behind model with 0° sweptback wing, aspect
ratio 4, taper ratic 0.6, and HACA 65A006 alrfoil section.
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Figure 4.— A pictorial view of a o° sweptback wing, aspect ratio I,
taper ratio 0.6, and NACA 65A006 alrfoll section showing free—
floating talls.
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Figure 5.— A plctorlsl view showing sponge—wliper-seal Installation
on the model with 0° sweptback wing, aspect ratio L4, taper ratio 0.6,
and NACA 65A006 sirfoil section.
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plane for a model with 0% sweptback wing,

aspect ratio 4, taper ratio 0.6, and NACA 654006 airfoll section. Wing alone.

Figure 10.— Effective downwash angles In reglon of tail
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Figure 11.— Effective downwash angles in region of tail plane for a model with 0° sweptback wing,
aspect ratio 4, taper ratlio 0.6, and NACA 6SA006 alrfoil sectlon. Wing-fuselage.
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Figure 12.— Varietion of downwash gradient with tail height and Mach nmumber for a model with
0° ewoptback wing, aspect ratio 4, taper ratio 0.6, and HACA 65A006 airfoil section.

ZTEAT ¥ VOUN

n




M = 0.70 M = 0.80 M = 0.85
) 0
1. a=10" a=10
1 - ~ »
Ywake g8 RN \ At/ \ 7/
y , 9
q- '/ \.c‘
A
——— Wing alone
— —-—— Wing -fuselage '
! |
1 2. S Q== 60 o= 60
Qwake i L L
1 8
1.2 a=f am 4°
Qwake \ l .
1 8
i
1.2 a=c =0
Uwake 1 ! . i |
1 f - Y
-80 -4 0 40 80 -80 -40 0 40 80 -80 -4 0 40 80

Tajl heightlﬁ Iiercent semispan W
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Flgure 13.— Concluded.
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and NACA 65A006 airfoil section
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