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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

EFFECTS OF SWEEP AND TAPER RATIO ON THE LONGITUDINAL
CEARACTERISTICS (QF AN ASPECT RATIO 3 WING~-BODY
COMBINATION AT MACH NUMBERS FROM 0.6 TO 1.k

By Earl D. Knechtel and James L. Summers
SUMMARY

An experimental investigation was conducted to assess the effects
of sweep and taper ratio on the longitudinal charscteristics of a wing-
body combination st Mach numbers from 0.6 to 1.4k for a Reynolds number
of 1.5x108. The wings were 3 percent thick and of aspect ratio 3.
Leading~edge sweep was varied from 19. 1° to 53. 1° at a constant taper
ratio of 0.k, and taper ratio was varied from O to 0.4 at a constant
sweep angle of 53.1°.

Increased leading-edge sweep caused a progressive decrease not only
of lift-curve slope, but also of the variation with Mach number of 1ift-~
curve slope and static longitudinal stability. Throughout the test Mach
number range the minimum drag coefficlent was less for 53. 1° of swWeep
than for 19. 1°. The drag-rise factor was generally larger and showed
less variation with Mach number for the model having 53. 1° of sweep. The
maximum lift-drag ratio was higher for the model having 53. 1° of sweep at
supersonic Mach numbers.

Although the effects of taper ratio were less pronounced than those
of sweep, the results of grogressive increases in taper ratio, at a con-
stant sweep angle of 53.1°, indicated that the model with O. T taper ratio
had the least variation of lift-curve slope with Mach nuwmber for the three
taper ratios investigated. Over-all change in static longitudinal stabil-
ity was generally least for O taper ratio at O 1ift, and least for 0.k
taper ratio at 0.4 1ift coefficient. The 0.4t taper ratio also resulted
in & lower minimim drag coefficient and a higher maximum lift-drag ratio
at Mach numbers sbove 0.95 than for the O taper ratio. In addition, the
drag-rise factor is generelly less and varies less with Mach number for
the model having 0.4t taper ratio.
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INTRODUCTION

The present investigation is part of a comtinuing program.(refs. 1
and 2) directed toward assessing the effects of plan-form variations on
the longitudinal characteristics of wing-body combinatious at transonic
Mach numbers. The study reported herein was conducted in the Ames 2- by
2-foot trensonic wind tunnel to determine the lopgitudinal characteristics
of five wing~body combinstions having thin wings of aspect ratio 3 which
embody systematic variations of sweep angle and taper ratio.

The results presénted here have the twofold purpose of indlcating the
effects on the longitudinal characteristics of the models due to (1) vari-
ation of sweep at a constant moderate taper ratio, and (2} variation of
taper ratio at a constant large angle of leading-edge sweep. Some of the
results are compared with those of avallable theory.

NOTATION
Cp drag coefficient
CDuy minimum drag coefflcient
o 11t coefficient S
CLc, lift-curve slope
Ca pitching-moment coefficient referred to quarter=-chord
point of wmean dgerodynamic chord

c local chord
¢ mean aerodynsmic chord
dCny
T slope of pltching-moment curve

L

a .
A.(é%g change in pitching-moment-curve slope due to change in

aCnm ACy ac
Mach number, A = i - u
ik C'lUL) dCL, ~ \&LM=0.s
L

(ﬁ) maximm lift-drag ratio

max
2 : body length, including portion removed to accommodate balance
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M free-stream Mach number

r local radius of body

Tro wmaximim radivs of body

X body longitudinel coordinste, measured from body nose
o angle of attack, deg

A sweepback angle of leading edge, deg

A taper ratio, Eiggsgﬁﬁga

APPARATUS, TESTS, AND DATA REDUCTION

The investigation was conducted in the Ames 2~ by 2-foot transonic
wind tunnel, which is of the closed-circult, varlable~pressure type having
maxioum de51gn operating conditions of L5 pounds per square inch absolute
stagnation pressure and 120° F stagnation temperature. The wind tunnel
is fitted with a flexible nozzle followed by a ventilated test section
(fig. 1) which permits continuous choke-free operation from O to 1.4 Mach
number .

Five wing-body models of steel were constructed such that sweep angle
and taper ratio could be investigated independently for a constant aspect
ratio of 3 (fig. 2). For three of the conflgurations the taper ratio was
0.k and the leading-edge sweep asngles, 19.1°, 45°, and 53.1°, while for
the other two configurations the sweep angle was 53.1° and the taper
ratios, O end 0.2. For the four wings having 45° and 53.1° of sweep,

- NACA 0003 airfoils were employed in the streamwise directilon; whereas for
the wing with 19.1° of -sweep, biconvex sections 3 percent thick were uti-
lized. The choice of profile for this latter case, for ressons discussed
in reference 2, was based upon the known favorable drag characteristics

of sharp leading edges for wings having leading edges supersonic over most
of the supersonic Mach number range.

The models were mounted in the wind tunnel on a sting-supported inter-
nal strain-gage balance as shown in figures 1 and 3. The models spanned
approximately 45 percent of the test section height and blocked approxi~
mately 0.5 percent of the cross-sectional area of the test section.

Iift and pitching moment were measured for all five models at angles
of attack from -4° to spproximately 13° at Mach numbers from 0.60 to 1.kO.
Drag was measured over the same ranges of angle of attack and Mach number
for only three models. These were the configurations having O.k taper
ratio with 19.1° and 53.1° of sweep, and the configuration having O teper

W—
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ratio with 53.1° of sweep. A Reynolds mumber of 1.5 million, based on

the mean aerodynamic chord of each model, was held constant for the tests.

A1l coefficilents were based on the wing erea including the portion within
the body. The pltching-moment coefficlent was based on the mean aerody-
nemic chord and refer¥red to the quarter-~chord point. The measured drag
was adjusted to correspond to a condltion of free-stream static pressure
acting at the model base,

Subsonic wall interference corrections, calculated on the basis of
the theory of reference 3, were found to be small and therefore were not
applied to the data. No corrections were made for possible wall Inter-
Perence due to reflected waves at low supersonic speeds.u These effects
are discussed in the Results and Discussion section. Corrections for air-
stream angularity were not mede, since they were found to be less than the
probeble errors in méasuring angle of sttack. Drag corrections due to
longitudinal pressure gradlent were unnecessary throughout the test Mach
number range, since local Mach number deviations in the vicinity of the
model were generally no greater than 0.003. The data have not been

corrected for seroelastic dilstortilon.

Apart from the small systemstlic errors arislng due to negleciing the
corrections discusgsed asbove, certain random errors of measurement exist
which determine the precision, or repeatabllity, of the data. An analysis
was made of the precision of the Mach number, angle of attack, and coeffi-
cients of lift, pitching woment, and drag for the wmodels of the present
investigation, and the random uncertaintiee at three representative Mach
numbers and two values of 1lift coefficient are presented in the following

table:

M= 0.8 M=1.0 M=1.2
Cr =0 = Ok} 01 = CL = 0.4} CI,=0 |01 = 0.U
M | $0.003 | +0.003 +0.004 | #0.004 +0.002 | +0.002
ol *.,020 +.,03° +.,020 +.03° +,020 *,03°
CL{ #.005 +,010 £,005 *,006 +.003 *.,006
Cu| +.00k +.006 +.004 +.005 +.003 +,005
Cp} +£,0003| #*.0010 +,0003 | %.0006 £,0003 | *.0006
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RESUITS AND DISCUSSION

In figures 4 and 5 are shown, respectively, the variations of 1if%

, coefficient with angle of atbtack and with pitching-moment coefficient at
Mach numbers from 0.60 to 1.40 for the five configurations tested. Drag
results are presented in figure 6 for three of the configurations. The
variations with Mach number of lift-curve slope and pitching-moment-curve
slope for three values of lift coefficient are shown for the five config-
urations in figure 7. The small irregularities which eppear in these
curves at low supersconic speeds are believed to be the result of shock
waves from the model which reflect from the tunnel walls and impinge upon
the afterportion of the model. However, the influence of these reflected
waves was confined to the Mach number range from 1.00 to 1l.l5 and was con=-
sldered not large enough to affect the conclusions draswn from the data.

Variations of calculated lift~curve slope and pitching-moment-curve
slope (whenever possible) with Mach number are shown in figure 7 for the
zero=1ift condition. These theoretical values include effects of wing-
body interference as computed by the method of reference 4, which, in turn,
is based upon theoretical wing-alone 1ift characteristics obtained from
references 5, 6, and 7, respectively, for subsonic, sonic, and supersonic
speeds. The experimental and calculated 1lift-curve slopes agreed within
approximetely 15 percent for all except the model having 53. 1° gweep and
0.t taper ratio. The poorer agreement in this case should not be surpris-
ing in view of the limitations of the interference theory with regard to
swept trailing edges, and in view of the greater effects of aeroelastic
distortion upon the more highly swept wing. In the two cases for which
theoretical pltching-moment-curve slopes could be calculated, qualitative
agreement between theory asnd experiment was noted for the model having
the least sweep, whereass good agreement was gbtained for the triangular-
wing model, A consistent discrepsncy between theory and experiment is
noted in the Mach numbers at which peaks occur in the lift-curve slopes
and piltching-moment-curve slopes, Peaks in the calculated curves occur
8t Mach numbers higher than those of the experimental curves by amounts
varying from approximately 0.10 for the relatively unswept model down to
epproximately 0,03 for the triangular-wing model. This discrepancy
probably results from the inability of the present linesr theories to
account for the fact that a local field of sonic and supersonic flow
develops near the wing prior to the establishment of these conditions in
the free strean.

Effect of Sweep

Iift and pitching-moment chasracteristics.- In figure 8 a comparison
of the lift~-curve slopes obtained for the three sweep angles reveals no
unusual trends. With increased sweep, the lift-curve slope not only
became smaller, but also varied less repidly with Mach number.

"
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In figure 8 for the three sweep angles investlgated a comparison is
shown of the change in statlic longltudlnal stability from that obtalned
at the same 1ift coefficient at 0.6 Mach number. Comparison on this basis
makes evident the large effects of sweep on the varlation of longltudinal
gtebility with Mach number. At high subsoniec Mach numbers the model hav~
ing 19.1° of sweep underwent rapid changes in stetic longitudinal stabile
ity; whereas the models having grester sweep generally exhibited a smoother
variation of stabllity with Mach number, The generally superlor stablility
characteristics at lift coeffilcilents up to 0.4 for 53. 1° of sweep msy be
somevwhat offset, however, by the pltch-up tendencles at larger 1ift coeffi-
cients in the high subsonic speed range. (See fig. 5(c).)

Drag characterlstics.- In figure 9 the vaerlations with Mach number
of minimum dreg coefficlent, dreg-rise factor, and maximm lift-drag ratilo
are compared for sweep angles of 19.1° and 53.1°. Throughout the test
Mach number range the mind mm drag coefficlent was less for the wing hav-
ing the larger sweep angle, the amount of this difference being as great
as 40 percent at sonic speed.

Drag=-rise facltor was determined by the slope of curves of drag coeffi-
cient plotted agasinst 1lift coefflcient squared, over the linear range of
these curves from O to O.k 1ift coefficiemt. The drag-rise factor was
generally larger and varied less with Mach number for the model having the

greater sweeép angle. o . — .

Meximum 1lift-drag ratios were attained at 1ift coefficients from
0.20 to 0.25. The varilation of meximum lift-drag ratio with Mach number
shown in figure 9 generally reflects the correspondling variations of
winimum drag coefficient and dreg-rise factor, Increase 1n sweep angle
from 1G. 1° to 53. 1° resulted in slight decreases in wmaximum lift-drag
ratio at Mach nuunbers from 0.75 to 0.95 and increases of as much as
15 percent at supersonlc Mach numbers.

Effect of Taper Ratio

I1ft and piltching~-moment characteristics.~ A comparison is shown in
figure 10 of the slopes of the 1lift and moment curveg for the three taper
ratios. Although the effect of taper was not large, the varlation with
Mech number of lift-curve slope was generally least for the configuration
having O.k taper ratio. In general, the over-all change in static longi-
tudinal stability wae least for O taper ratio at 0 1ift coefficient and
least for O.4 taper ratlo at O.4 1lift coefficient.

Drag characteristics.~ The varlations with Mach number of minimmm
drag coefficlent, drag-rise factor, and meximum lift-drag ratio are shown
in figure 11 for the swept wings having taper ratios of O and O.4. These
repults indicate that up to 0.95 Mach number the minimum drag coefficlents
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and maximm lift-drag ratios for the two models compare quite closely.
At Mach numbers above 0.95, however, lower minimum drag coefficients

and higher meximum lift-drag ratios are realized for the 0.4 taper ratio.
The drag-rise factor for the model having 0.4 taper ratio 1s generally
less and varies less with Mach number than for the model with O taper

ratio,
Comparison with Results of Reference 1

The models for which longitudinal characteristics were presented in
reference 1 had en unswept midchord line, NACA 64AOO3 streamwise sectlons,
and taper ratios varying from 1.0 to 0. Accordingly, the leading-edge
sweep angle varied from 0° to 33.70, and it may be of interest to compare
the effect of the sweep vdriations of reference 1 with the corresponding
effect indicated in the present report. Such data comparisons are made
in figures 9 and 12 for two configurations of reference 1 and the most
nearly -compearable models of the present investigation for which corre-
sponding data were obtained.

In figure 12 the variations with Mach number of lift-curve slope and
pitching~-moment-curve slope are shown for two models of the present inves-
tigation having 19.1° and 45.0° of sweep and two models of reference 1
having 12.6° and 33.70 of sweep. The effect of leading~edge sweep was
quite similar in the two cases, the variations with Mech number of both
lift=curve slope and pitching-moment-~curve slope generally becomlng less
abrupt with increasing sweep angle,

In figure 9 the variations with Mach number of wminimum drag coeffi-
cient, drag-rise factor, and maximum lift-drsg ratio for the same two
models of reference 1 are compared with the corresponding results for the
models of the present investigation having a taper ratio of O.4 and
leading~edge sweep angles of 19.1° and 53.1°. The difference in meximm
lift-drag ratios at subsonic Mach numbers between the two models having
the least sweep is attributable to the use of a sharp leading-edge, and
a consequent loss of leading-edge suction, for the model having 19.1° of
sweep. Generally, however, the effect of leading-edge sweep on the drag
characteristics, as on the slopes of the 1ift and pitching-moment curves,
was much the same for the models of reference 1 as for the models of the
present investigation. These comparisons suggest the possibility that
the effects in reference 1 attributed to taper ratio might have been due
in part to leading-edge sweep,
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CONCLUSIONS

An experimental investigation was conducted to determine the effects
of sweep and tsper ratio on the 1lift, pitchlng-moment and drag character-
istics of an aspect ratioc 3 wing-body combination at Mach numbers from
0.6 to 1.4, at 1, 5><106 Reynolds number, Results obtalned for wings having
leading-edge sweep angles of 19.1°%, 45°, and 53.1° at O. 4 taper ratio and
for wings having teper ratios of 0 0.2, and 0.k at 53. 1° of sweep lead
to the following conclusions:

1. Increased swéep resulted ln progressive decreases in lift-curve
slope &8 well as in reduced varilation with Mach number of the lift~curve
slope and static longitudinal stability.

2. An increase of sweep from 19.1° to 53.1° led to generally
decreased minlmum drag coefficient and incressed drag-rise factor, and
to incressed maximum lift-drag ratio st Mach numbers above 0.94,

3. Increased taper ratlo resulted in . a slightly reduced variatlion
of lift-curve slope with Mach number, a somewhat larger over-all change
in statlc longitudinal stability with Mach number at O 1lift, and a slightly
smeller change in stability with Mach number at O.L 1ift coefficlent

k, An increase of teper ratio from O to O.4 resulted in lower mimimum
drag coefficient end higher meximum lift-drag ratio at Mach numbers above
0.95, and generally a reduction both in magnitude and. in variatlon of __
drag=-rise factor with Mach number,

Ames Aeronasutical Iaboratory
Natlonal Advisory Committee for Aeronautics
Moffett Field, Calif., Jan. 3, 1955
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Figure 1.- The Ames 2-by 2- foot transonic wind funnel.
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