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RESEARCH MEMORANDUM

AFRODYNAMIC CHARACTERISTICS OF A WING WITH QUARTER—CHORD
LINE SWEPT BACK 60°, ASPECT RATIO L, TAPER

RATIO 0.6, AND FACA 65A006 ATRFOIL SECTION

TRANSONIC-BUMP METHQD |

By Thamass J. King, Jdr., and Boyd -C. Myers, II
SUMMARY

As part of a transonic research program, a serles of wing—body
combinstions are being investigated in the Langley high-speed T—
by 10—Foot tunnel over & Mach number range from sbout 0.60 to 1. 18 by
use of the transonic-bump test technlque.

This paper presents the results of the investigation of a wing—ealone
and a wing-—fuselage configursbtion employling a wing wlth quarter—chord
line swept back 60°, aspect ratio k4, taper ratio 0.6, and an NACA 65A006
airfoll section. The results are presen'bed. as 1ift, dreg, pitching—
moment, and bending-moment coefficients for both configurations The
effect of a wing fence on the wing—fuselasge characteristics was also
Investigated. In addition, effective downwash angles and point dynamic
pressures for a range of tall helghts at a probable tail .length are
presented for the two configurations Investigated. Only a brief
"anslysis is glven in order te facilitate the publishing of the dsta.

INTRODUCTION

A series of wing-—fusela.ge cambinations is belng investigated in the
Langley high—speed T— by 10-foot tumnnel to study the effects of wing
geametry on longltudinal stebility cheracteristics at transonic speeds.
In the trensonic-bump technique used, a Mach number range of 0.60 to 1. 18
is obtalned. ZPrevious deta published In this series are presented In
references 1 to 3.
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This paper presents the results of the Investigation of the wing—
alone and wing—fuselage configurations employlng a wing with the
quarter—chord line swept back 60°, aspect ratio 4, taper ratio 0.6, and

an NACA 658006 sirfoil section parallel to the free stream.

MODEI, AND APPARATUS

The wing of the semlspan model had 60° of sweepback referred to the
quarter—chord line, aspect ratio L4, taper ratio 0.6, and an NACA 65A006
airfoll section (reference L) parallel to the free streasm. The wing was
made of steel and the fuselage of brass. A two—view drawing of the
model 1is presented In flgure 1 and ordinates of the fuselage of fineneas
ratlio 10 are given 1n teble I. Détalls of a wing—fence arrangement
tested are shown in flgure 2.

The model was mounted on an electrical strain—gage balance enclosed
in the bump, end the 1ift, drag, pitching moment, and bending moment
about the model plane of symuetry were messured with calibrated
rotentiomsters.

Effective downwash angles were determined for a range of tail
helghts by measurlng the floating sngles of-the talls at five different
poslitions with calibrated sllde—wire potentiometers. Detalls of the
floating talls are given in figures 2 and 3, whlile a view of the model
mounted on the bump, showing three of the floating tails, is given
in figure 4. The tails used in this investigation are the same as those
used In references 1 Lo 3. ;

A total-pressure rake was used to determine the dynsmic—pressure
ratios for a range of tall helghts in & plene which contalned the
25—percent mean—aerodynamic—chord polnt of-the free—floating teils. The
total-pressure tubes were spaced 1/8 inch apart near the chord line
extended and 1/4 inch apert elsewhere.

COEFFICIERTS AND SYMBOIS

Cr, 11Ft coefficient (IEiQQ_EQQQL_lifi>
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dr ocefficlent (
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Cn

af

pitching—moment coefficlent referred to 0.25¢C
(Twice panel pitching moment)-
aST ‘

bending-moment coefficient about root chord 1line (at plane
Root bending moment) -
of symmetry) _

Sb
133

effective dynamlic pressure over span of model, pounds per
square foot (pVe/E)

twlce wing area of semispan mod_.el, 0.125 square foot
mean serodynamic chord./of wing, 0.181 fPoot; based on
b /2

relationship § f :

c2dy. (using the theoretical tip)
o )

local wing chord

meoan aerodynamic chord of tall

twice spé.n of semispan model

spanwise distance from wing root

alr density, slugs per c_:u'bic foot
free—strean velocity, feet per second
effective Mach number over span of model

local Mach number
average chordwise local Mach number

Re;y'noid.s nuﬁber of wing based on ©C

engle of gttack, degrees

effective downwash a.nglé , degrees

ratio of polnt dynamic preséure ,» along s line containing the

quarter—chord polnts of the mean serodynamic chords of the
free—floabing talls, to the local free—sitream.dynamlc pressure
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'ht tail height relative to wing chord plane extended, percent

semispan; positive for tall positions above chord. plane
extended

a.c. aerodynamic center

Subscripts:

M at constant Mach number

CL =0 at zero l1lift
TESTS

The tests were conducted 1n the Langley high-speed T— by 10—foot
tunnel by use of an adaptation of the NACA wing—flow technlque for
obtaining transonic speeds. The method used involves the mownting of
e model in the high—velocity flow field generated over the curved
surface of a bump located on the tunnel floor. (See reference 5.)

Typical contours of local ‘Mach numbers in the region of the model
loéation on the bump, obtained from surveys with no model in position,
are shown in flgure 5. There 18 a Mach number gradient which results
in a difference of about 0.04 over the span of the model at the lowest
and highest Mach numbers with a maximum difference of gbout 0.07 present
at a Mach number of about 1.0. The chordwlse Mach number varlation is
gonerally less than 0.0l. No.attempt has been made to evaluate the
effects of these spanwise and chordwlse variatlions ln Mach number. The
long—dashed lines shown near the wing root represent a local Mach
number 5 percent below the meximm value and indicate the extent of the
bump boundary leyer. The effective test Mach nmumber was obtalned from
contour charts similar to those presented in flgure 5 fram the
relationshlp

b/2
M=§ . oMady

The varistion of mean test Reynolds number with Mach number is
shown in figure 6. The boundaries in the figure indicate the range in
Reynolds number caused by variations in test conditions during the
course of the Investigatlon.

Force and moment data, effectlve downwash angles, and the ratlo of

dynamic pressure at 25 percent of the mean eerodynamic chords of the
free—floating tails to free-stream dynamic pressure were obtalned for

el
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the model configurations tested through a Mach mumber range of 0.60
to 1.18 and an angle—of—ettack range of —2° to 8°.

The end—plate tares on dreg were obtained through the test Mach
number range at zero angle of attack by testing the model con.figura:bions
without end plates. For these tests a gap of about 1/16 inch was
maintained between the wing root end the bump surface, and a sponge—
Wlpetr seal was fastened to the wing butt beneath the surface of the bump
to prevent leskage (fig. 4(b)). The drag end—plate tares wers assumed
to be invarlant with angle of attack and the tares obfained at zero angle
of attack were applied to ell drag data. Jet—bouwndsry corrections have
not been evaluated lnasmuch as the boundary condltlons to be satlasfiled
are not rigorously defined. However, inasmuch as the effective flow
field is large compared with the span and chord of the model, these
corrections are believed to be small.

The possibility of change in aerodynamic characteristlics of the wing
- due to twlst -resulting from bending wnder aerodynamic loading was con—
sidered. TFrom static loading tests and reference 6, 1t was estimated
that at the highest Mach number attelned the effect of twlst would be

to cause & forward serodynemic—center movement of about 2 percent. No
corrections have been applled to the data presented.

From measurements of ‘tall £loating angles ‘Hithou'l:— a model Installed,
it was determlned that s tail spacing of 2 inches relative to the wing .
chord plane would produce negliglble interference effects of reflected
shock waves on the tall floating engles. Downwash angles for the wilng—
alone configuratlon were therefore obtained simultaneously for the middle,
highest, and lowest tall positions in one serles of tests and for the
two Intermediate positlions in succeedlng runs. (See fig. 3.} For the
wing—fuselage tests the effective downwash asngles at thé chord plane
extended were determined by mounting a free—floating tall on the center
line of the fuselage. The downwash angles presented are increments
from the tdil floating angles without a model I1n position. It should
be noted that. the floating angles measured are actually a measure of
the angle of zero pitchlng moment gbout the tall—plvot exls rather than
of the angle of zero lift. . It has been estimated that, for the tall
arrangement used, a 2° spanwise downwash gradient over the tall will
result in an error of 1ess than 0.2° in the resultant floating angle.

Total pressures obtained from the tail survey rake have béen
corrected for bow-wave loss. The static—pressure values.used In
computing dynamlc—pressure ratlos were obtelned by use of a static probe.
without a model in position. '
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RESULTS AND DISCUSSION

A table of the flgures presenting the results follows:

Figure
Wing—elone force data .« « « ¢« ¢ ¢« ¢ ¢« ¢ ¢« o v o 4 o ¢t o o 0 s e e o T
Wing—fuselage force data . . . B -
Effect of wing fonce (Wing-fuselage) . » « v « i «'e « v v v o v v o O
Effective downwash sngles (wing alone) O o)
Effective downwash angles (Wing-fuselage). « ¢ « + « « ¢« « ¢« « « o« « 11
Downwash gradients . « « ¢ ¢ ¢ ¢ & ¢ 4 4 ¢ o ¢t 4 b e e e e . 0. o 12
Dynamic—pressure surveys . . L T &
Summary of aerodynamic cheracteristics « - « o + o o o . e+ o« o« o 1k

Unless ricted., the -iliscussion 1s based on the summary curves
presented in filgure 14. The slopes have been averaged at CL =0 over

a lift—coefficient range of 10.1.

Lift and Drag Characteriéti‘cs

The wing—elone lift—curve slope (fig:. 1h4) was a constant value
of 0.042 from a Mach number of 0.60 to. 0.96. Unpublished low—speed data
from the Langley two—dimensional low—turbulence tumnel for a gecmetri-—
celly similar model also gives a value of 0.042 (Reynolds number,

1.5 x 106). Abvove a Mach number of 0.96, the wing-elone lift—curve slope
decreaged to 0.038 at M = 1.0h and remained constant to a Mach number
of 1.18. The addltlion of the Puselage increased the 1lift—curve slope
approximately 10 percent throughout the test Mach number range.

At a Mach' number of 0.60 (see flg. 1h4), the wing-alone minimum
drag coefficient was about 0.006 as compared with an average minimmm—
drag—coefficlent value of 0.0045 obtained at low speed in the Langley
two—dimensional low-turbulence tunnel for a miodel of th g same gecmetrilc
cherscteristics (Reynolds number, 1.5 X 106 to 6.0 x 10%). (Note that
the drag coefficients presented have been corrected for end-plate tares
while the drag data of referemces 1 to 3 have not been so corrected.)
At zero 1ift, the wing—elone drag-riser Mach number is not readily
a.pparent since the rate of increase in drag coefficlent ls quite low.
It should be noted that the drag coefficient attained at the highest
Mach number was anly 0.012. For the wing—fuselage configuration the
drag rise occurred at sbout M = 1.02 and the rate of drag rise was
conslderably more pronounced than for the wing-elone canfiguration. No
correction for the fuselage base pressure has been applled to the wing—
fuselage drag deta.
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Pltching-Moment Characteristics

Near zero l1ll1ft coefficient the wing-slone aesrodynsmic cenbter was
about 3% percent mean serodynamic chord up tc a Mach mumber of 0.97.
Extrapolation and interpolation of data from reference 7 indlcate a
theoretical aerodynamic—center location of about 30 percent mean
asrofynamic chord, although unpubllished Lsngley two—dimenslional low—
turbulence-tunnel data on a geomstrically similer wing gave an
aerodynamic—center position of anly 23 percent mean aerodynamic chord.
The additlon of the fuselage to the 1solated wing moved the aerodynamic
_ center rearward sbout 2 percent msan aerodynsmic chord up to a Mach
mmber of 0.90. Above M = 0.90, the rearward asrodynamlc—center
movement casused by the fuselsge Increased raplidly and was about 30 per—
cent mean aerodynemic chord at M = 1.15. I% .can be seen in figures"f
and 8 that the pitching-moment curves indlcate a trend toward instebility
at the relatively low lift coefflcient of sbout 0.20 throughout the Mach
number range. :

Effect of Wing Fence

In an attempt to alleviate the umstable trend of the pltchin
moment curves at a relatively low 11ft coefficlent, a wlng fence %;ig. 2)
located on the mean aerodynamic chord was investigated on the wing— .
fuselage configuration. Nesr zerc 1lift the fence appeared to decrease
the slope of the pitching-mament curves slightly at the lowest and .
highest Mach numbers with a somewhet more inboard location of the lateral
center -of pressure indicated from the bending-moment curves. (See

fig. 9.) At the highest 1ift coefficlents obtained (CI. ® 0.3 to 0.)4—)

the fence produced a pronocunced stabllizing trend in the pltching-moment
characteristice at ail Mach nmmbers and the 1ift—curve slope appeared to
be increased scmewhat. ’

Downwash snd Dynamic—Pressure Surveys in Region of Tail Plane

. The downwash gradient (3¢/da)y for the wing alane variled little

with tail height through the Mach number rangs. (8ee fig. 12.) Near
zero tall helght the addition of the fuselage appreciably increased the
downwash gradient (o e/aa,)M as .the tall height approached the chord

plsne. At the higher 1ift coéfflclents, for both the wing-alone and
wing—fuselage configurations, (de/da)y would appear to be generally

lower .for tall heights below the chord plans and higher for tall helghte
above the- chord plane through the Mach number range (figs. 10 and 11).
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The results of polnt dynamic—-pressure surveys, made in a plane
perpendicular to the chord plans extended at o = 0°, containing the
25 percent mesn—aerodynamic~chord polnts of the free—-floa.ting tails used
In the downwash surveys, are presented in figure 13. There is very
little change in the wake characteristlcs as the Mach number is increased
to 1.10. The edditlon of the fuselage had little effect on the dynemic—
pressure ratlios through the Mach number range.

Langley Aeronautlcael Leboratory
Natlonsal Advisory Committee for Aeromautics
Langley Alr Force Base, Va.
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TABLE I.— FUSELAGE QORDINATES

[Basic fineness ratio 12; actual fineness ratio 10

achleved by cutting off the rear one—sixth of
the body; T/% located at 1/2]

-

/=/4/4

4

- iy .
. 6 -’
- £
) z ,
<—-x-;-f 1
A7 P —F ==
T :
Ordinates
x/1 r/i x/1 r/1
o} o o o]
.005 .00231 1500 04143
L0075 .00298 . 5000 04167
.0125 00428 . 5500 .0k130
.0250 .00722 . 6000 .oLo2L
.0500 .01205 .6500 .03843
.0750 01613 .T000 .03562
.1000 01971 .ggoo .03128
.1500 .02593 .8000 .02526
.2000 .03090 .8338 .02000
.2500 .03465 .8500 .01852
.3000 03741 . 9000 .01125
. =3500 .03933 . 9500 .00439
.4000 .04063 1.0000 | O
L. E. radius = 0.00051
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Figure 1.- General arrsmgemsnt of moflel with 60° sweptback wing, aspect ratio L, taper ratio 0.6,
end NACA 654006 airfoil. '
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Figure 2.~ Detalls of wing fence and free-floating tall mownted on a model with 60° asweptback wing,
aspect ratio 4, taper ratio 0.6, and NACA 65A006 airfoil.
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Figure 3.- Detalls of free-floating taila used in surveys behind model with 60° sweptback wing,
aspect ratio 4, taper ratio 0.6, amd WACA 65A006 airfoil.
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- (a) View showing model as tested. -

Figure I.- Model mounted on bump with three free-floating talls
installed. Wing-alone configuration.
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- (a) View showing model as tested.

Figure 4.- Model mounted on bump with three free-floating talls
installed. Wing-alone configuration.
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. (a2) View showing model as tested.

Figure 4.- Model mounted on bump with three free-floating tails
installed. Wing-alone configursation.
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: (a) View showing model as tested.

Figure 4.- Model mounted on bump with three fres~-floating talls
installed. Wing-alone configuration.
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(?) Cutaway view showing seal fastened to

Filgure 4.- Concluded.
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Tgure 6.~ Varlation of test Reynolds mumber with Mach mumber for a model with 60° sweptback wing,
aspect ratio 4, taper ratio 0.6, and NACA 654006 airfoil.
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FMaure 12.- Verlation with tail helght of downwash gradient for a model with 60° eweptback wing,
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