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SUMMARY

As part of an NACA tramsonic reseerch program, a serles of wing—
body cambinstlons are belng inveatigated in the Langley hlgh—speed
7— by 1l0—foot tunnel over a Mach number range from .60 to 1.18
utilizing the transonic—bump test technigue.

This paper presents the results of the investigation of a wing-
alone and wing—fuselage cambination employing a delta wlng having
45° gweepback of the leasding edge, aspect ratio 4, and an NACA 65A006
elrfoil sectlon. " Lift, dreg, pltching moment, and root bending momsnt
were obtained for these conflgurations. In additlon, effectlve downwash
angles and dynamic—pressure characteristics in the region of a probable
tail locatlion also were obltalned for these conflgurstions, and are
presented for a range of tall helghts at one tall length. In order to
expedite publishing of these data, only & brlef analysls is included.

INTRODUCTION

A series of wing—body confligurations are being investigated in the
Langley high-sepeed 7— by 10—foot turmnel to study the effects of wing
geametry on the longlitudinel stabillty characteristics at transonic
speeds. A Mach number range between 0.60 and 1.18 1s obtained utilizing
the transonic—bump test technique. Previous data publlshed in this
series are presented In references 1 to L.
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This paper presents the results of the Investigatlion of the wing-—
alone and wing—fuselage conflgurstions employlng & delta wing with
450 gweepback of the leading edge, aspect ratlo of 4, mand an NACA 65A006
airfoll sectlon. :

MODEL AND APPARATUS

The wing of the semispan delta—wing model had 45° gweepback of the
leading edge, aspect ratlo 4, and an NACA 654006 alrfoll section parallel
to the free stream. The wing was made of berylllium copper and fuselsage
of brass. A two-view drawing of the model is presented in figure 1 while
ordinates of the fuselage of finensess ratlo 10 are glven in table I.

End plates, 51‘-2- inch thick, were used on all configurations.

The model was mounted on an electricel strain—gmge balance, which
was enclosed in the bump; and the 1ift, drag, pitching moment, and
bending moment about the model plene of symmetry were meassured with
callbrated galvenocmeters.

Effective downwash angles were determined for a range of tall
helghts by meesuring the floating angles of flve free—floating talls
with the ald of calibrated sllde—wlre potentlomsters. Detalls of the
floating talls are shown In figures 2 and 3, whlle a photograph of the
tost metup on the bump, showlng the floating tall mounted I1n the
fyselage, 1s glven In figure 4. The tails used in this investigation
were the seme as those used in the 1nvestlgatlons reported In refer—
ences 1 to 4.

A total-hesad rake was used to determine dynemlc—pressure ratlos
for a renge of tall heights along a line comnbtalning the 25-percent mean—
asrodynamic—chord point of the free—floating talis. The tobal-head
tubes were spaced. 0.125 inch apart for a distance of 1 inch below
and 0.5 inch above the wing chord plane extended (o = 0) and were
0.25 inch apart for the remainder of the raks.

SYMBOLS

Cr, 11ft coefficlent ("*‘-‘ﬂm&nﬂl-m-ﬁ)
a8 :
Cp drag coefficlent (Tﬂiﬁ.ﬁ_ﬂ:g&l.ﬂ.tﬂ&)
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b

I
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I
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Cm pitching—moment coefficlent referred to 0.25¢C
Twlce panel pitching moment
aSc
Cg bending-moment coefficient about root chord line (at plane
Root bending mament
of symmetry) =
<2
a effective dynamlc pressure over span of model, pounds
per square foot %-ﬁv2
S twlce wing area of semlspan model, 0.1250 square foot

ol

mean aerodynamic chord of wing, 0.2357 foot; based on

b/2 5
relationship E-Jp c“dy
(o]

c local wing chaord
b twlce span of semlspan model
¥y spanwise dlgtance from plane of symmetry

air denslity, slugs per cublc foot

v free—stream veloclty, feet per second

M effective Mach number over span of model
My locel Mach number

M, average chordwise local Mach number

R Reynoclds number of wing based on <©C

a angle of attack, degrees

¢ effective downwash angle, degrees

Qywe/d Tratio of point dynamic pressure taken along & line containing
the querter—chord polnts of the mean aerodynamle chords
of the free—floating tails to local free—stream dynamic
pressure
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Yo.p. lateral center of pressure, percent semlspen (1OOCB/CL)
hi tall helght relative to wing chard plane extended, percent
gsemigpan, positive for tall posltioms above chard plane
extended .
a.c. asrodynamlic center
TESTS

The tests were conducted in the Langley high-speed 7— by 10—foot
tunnel utilizing an adsptation of the NACA wing—Tlow technique for
obtaining transonic speeds. The technlique used involves the mounting
of e model In the high-wveloclty flow fleld gensra‘bed over ths curved
surface of & bump located on the tumnel floor. (See reference 5.)

Typlcal contours of local Mach number in the viclnity of the model
location on the bump obtalned fram surveys with no model in positicm
are sghown in figure 5. It 1s seen that there 1s a Mach number gradient
wvhich results in a difference in Mach number of about 0.05 over the
model semispan at low Mach mumbers and from 0.06 to 0.07 at the highest
Mgch pumbers. The chordwige Mach number generally varles less than 0.0l.
Ko attempt has been made to evaluebte the effects of thls chordwise and
spanwise Mach number varlatlion. Note that the lomg—dashed 1ines shown
near the root of the wing (fig. 5) represent & local Mach mumber
5 percent below the maximum value and indicate a nominal extent of the
bump boundsry layer. The effective test Mach nmumber was obtelned from
contowxr charts similar to those presented In flgure 5 usling the
relationship

0

The variation of mean test Reynolds mumber with Mach nuwmber 1s
shown in figure 6. The boundaries 1n the figure indicate the range in
Reynolds number ceused by varlations In test conditioms In the course
of the investigation.

Force and moment data, effectlve downwesh angles, and the ratio of
dynamic pressure at 25 percent of the tall mean aerodynamic chord to
free—gtream dynamic pressure were obtalned for the model configwrations
through a Mach mmber range of 0.60 to 1.18 and an angle—of—attack
range of —2° to 10°.
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No tares have been applied to the data to account for the presence
of the end plstes on the models. Jet~boundary correctlions have not been
evaluated because the boundary conditions to be satisfied are not rigor—
ously defined. However, lnasmuch as the effective flow field is large
campared with the spen and choard of the model, the corrections are
belleved to be small.

By measuring tall floating angles without a model installed, it
was determlined that a tail spacing of 2 lnches would produce negligible
interference effects of reflected shock waves on the tail floating
engles. Downwash angles for the wing-elone configuration were therefore
obtalned simultsneously for the middle, highest, and lowest tall
positions In one series of tests and simultaneously for the two inter—
mediaste positions in succeeding runs. (See fig. 3.) For the wing—
fuselage tests, the effective downwash anglee at the wing chord plane
extended were determined by mounting a free—flosting tall on the center
line of the fuselage. The downwash angles presented are Ilncrements
from the tall floating angles without & model in position. It should
be noted that the floatling angles measured are in reality a measure of
the angle—of—zero pitching moment about the tail pivot axis rather than
the angle—of—zero 1ift. It has been estimated, however, that for the
tall arrangement used a downwesh gradient of 2° across the span of the
teil will result in an error of less than 0.2° in the measured downwash
angle,,

Total-hesd readings cbtained from the tall swrvey raske hasve been

corrected for bow—wave loss. The static—pressure values used in

camputing the dynamlc—pressure ratlios were obtained by use of a static
probe with no model in positiom.

RESULTS AND DISCUSSION

A table of the flgures presenting the results is glven below:

Figure
Wing-elone force Gata « ¢« ¢ ¢ ¢ ¢« 2 o« o o ¢ o o ¢ ¢ o o s a o o ¢ @ g
Wing—fuselage force data . . . . e s s s s o o & s s s o e e =
Effective downwash angles (wing alane) e s e s e o s s e e e s e 9
Effective downwash angles (wing fuselage) e« o o o s e s s a s s « « 10
Downwash gradients . ¢ o o« ¢ o ¢« o « o ¢ ¢ o o ¢ o « ¢ ¢ « o« o o o 11
Dynamic—pressure BUrVEYS + o e ¢ ¢« ¢ o o o o o« s o 5 o ¢« o o o s o 12
Summary of aerodynamic characteristics . ¢« « ¢ ¢ ¢ ¢ ¢ ¢« a ¢ ¢ o « 13

The discussion is based on the summarized values given In figure 13
unless otherwise noted. The slopes summarized in figure 13 have been
averaged over & range of 0.1l of the stated 1lift coefficlent.
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Lift and Drag Characteristics

The lift—curve slope messured neer zero 1ift for the wing slone was
aspproximately 0.064 at a Mach mmber of 0.60. The experimental slope
agrees with the value estimated by use of the charts in reference & for
0.60 Mach number. The addition of the fuselage had essemtlally no effect
on the lift-curve slope up to a Mach number of 1.00 but incressed the
1ift—curve slope &t Mach numbers above M = 1.00. Al a Mach number
of 1.15 the fuselage Increased the I11ft—cwrve slope about 11 percent.

The drag rise at zero 11ft began at a Mach mumber of about 0.92
for both the wing-elone and wing-fuselage configuraticng. The sbeolute
drag coefficlents are probably high because of the presence of the end
plates and the relatively low Reynolds mmbers at which these tests were
made.

The lateral cemter of pressure for the wing alone (CI. = 0-3) was

located at 40 percent of the semispan at & Mach number of 0.6. This
velue compares with an estimated low-speed value of kC.3 percent
gemispen. (8ee reference 6.) Between M = 0.9 and 1.00 & fairly
abrupt movement of ¥, . %o about k5 percent memlspan occurred. The

addition of the fuselege had no effect at low Mach numbers but

moved Ye.p. Inboard epproximately 2 percent semlispan sbove a Mach

number of 0.55.

Pitching-Mament Characterlastics

At low Mach numbers the serodynamic—center location mear zero 11ft
far the wing alane was 41 percent of the mean aerodynsmic chord

((g—ccg){ = —0.16). The estimated low-speed asrodynamic—center location

{reference 6) was 33 percent of the mean aerodynsmic chord. The effect
of the fuselage on the stabllity at low 1ift cosfflclents was slightly
destabllizing up to a Mach mumber of 1.00. Above M = 1.00 the fuse—
lage produced a slight stablllizing effect.

In the subsonlc—epeed range the wing-alone and wing—fuselage
pltching—moment curves indlcated a destebilizing trend at hlgher 1ift
coefficients. (See figs. 7 and 8.) This effect 1s characteristic of
wings with appreclable sweepbatk. However, above M = 1.00 there l1s no
indication of this destabllizing trend evem at the highest 1ift coef—
ficlents attalned. Bimilar twrends in pitching-moment characteristice
were found In the results presemted in referemces 1 to L.
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Downwesh and Dynemic—Pressure Surveys

The variation of effective downwash angle wilth tall height and
angle of attack for the wing-elone and wing—fuselage conflgurations at
various Mach numbers 1s presented in flgures 9 and 10. The downwash
gredient 0¢/da mnear zero 1ift for the wing alone (fig. 11) increased
as the tail location approached the chord plane. This trend in d¢/da
was evlidenced throughout the Mach number range tested. At higher 1ift
coefficients, d¢/da was generally less than the zero—lift value for
tail positions below the chord plene and was higher for tall positions
above the chord plasne (flgs. 9 and 10). The additlion of the fuselage
caused only small changes in the downwash gradients.

Rote that the test angle—of—ettack rangs with the free—floating
tall slightly below the chord plane extended was restricted by the
presence of the fuselage.

The results of point—dyneamic-pressure surveys made along & line
contelining the 25-—percent meen—eerodynamic—chard points of the free—
fleoating tails used in the downwash surveys are presented in flgure 12.
The maximm loss in dynemic pressure at the weke center line for high
angles of attack lncreased with Mach number from 23 percent (M = 0.70)
to 30 percent (M = 1.15) of the free—stream dynsmic pressure. The
width of the weke also became scomewhat greater at higher Mach numbers.

The additlion of the fuselage ghowed only a small effect on the wske
profiles although the peak losmses were reduced in scme cases.

Langley Aeronautical Laboratory
National Advisory Comittee for Aeronsutics
Langley Air Force Base, Va.
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TABLE I.— FUSELAGE ORDINATES

[Basic fineness ratio 12; actual fineness ratio 10
achleved by cutting off the rear one—sixth of
the body; ©/4 located at 1/2]

l= /4.4

X — S
< DMax) —=
‘/__-4
T
Ordinates
x/1 r/1 x/1 r/1
o] 0 o] o
.005 .00231 L4500 1 .0ok1k3
0075 .00298 .5000 | .0Ok167
0125 | 00428 5500 .04130
0250 | .00722 6000 | .0o4O2L
0500 | .01205 .6500| .038k2
0750 1 .01613 .TO00 | .03562
.1000 | .01971 . 7500 | .03128
.1500 | .02593 .gooo .02526
.2000 | .030%0 .8338 | .02000
.2500 | .03465 8500 | .01852
.3000 | .037k1 .9000 | .01125
«3500 | .03933 .9500 | .00k39
4000 | .0L063 1.0000] 0
L. E. radlus = 0.00051
NACA
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Figure 1l.— Gensral arrangamant of delta—wing model with J.eading aedge svapi back 11-5 aspect ratio 4,
and NACA 654006 airfoil.
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Figure k.— Photograph of delte—wing model with leading edge swept back 45°,
aspect ratio 4, and NACA 65A006 airfoil showing free—floating tail

mounted in fuselage. JEEENE.
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Figure 11,— Variation of downwash gradient with tall helght and Mach mumber for delta—wing model with
leading edge swept back 45°, aspect ratic 4, and NACA 654006 airfoil,
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