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RESEARCH MEMORANDUM

LIFT, DRAG, AND STATIC IONGTTUDINAIL STABIT.ITY DATA FROM
AN EXPLORATORY INVESTIGATION AT A MACHE NUMBER OF 6.86
OF AN ATRPLANE CONFIGURATION HAVING A
WING OF TRAPEZOIDAL PLA& FORM
By Jim A. Penlend, Herbert W. Ridyard,
and David E. Fetterman, Jr.

STMMARY

An investigation to determine the 1ift, drag, and static longitudinal
stability characteristics of an airplane configuration having a trapezoidal
wing with modified hexagonal airfoil section and 5° semiangle wedge tail
sections has been carried out in the Langley lli-inch hypersonic tunnel.

The tests were made at a Mach number of 6.86 and Reynolds numbers of

343,000 and 566,000 based on wing mean aerodynamic chord. Data were
obtained for angles of attack up to about 28° for the complete airplane
configuration and up to about 14° for the body alone, the body-wing con-~
figuration, and the body-tail configuration.

INTRODUCTION

The aircraft configurations previously investigated experimentally
at hypersonic speeds have been restricted mainly to missile types which
were not required to be able to land and which, therefore, had relatively
small wings or wings of wvery low aspect ratio. The purpose of the pres-
ent investigation was to determine the characteristics of a configuration
conforming more closely to a piloted aircraft having a wing area suffi-
cient for conventional landing. Of the verious possible configurations,
one was selected for this explioratory study which was expected to have
satisfactory low-speed characteristics and satisfactory transonic char-
acteristics. This configuration (fig. 1) employs a trapezoidal wing and
the arrangement, 1ln general, is similar to conventional airplanes. Two
perticular features were incorporated which are believed to be desirable
for hypersonic operation - relatively large leading-edge radii for both
wing znd tail, and wedge-shaped sections for the tail surfaces. The large
leading-edge radius 1s essential in order to keep the heat-transfer rates

NCLASSIFIED
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within feasible limits, and the wedge tailil sections were selected to
provide the desired tail effectiveness with tail surfaces of conventional
size (ref. 1).

Six~component deta have been obtained both for the complete alrplane
configuration end for the various components tested. This report presents
the 1iit, drag, and pitching-moment deta with a minimum of analysis in
order to expedite release of this Informatlon.

SYMBOILS
CrL, 1ift coefficient, 1L/qS
Cp drag coefficient, D/qS
L/D lift-drag ratio, Cr/Cp
Cr pitehing-rmoment coefficient, nose-up moment vositive, M'/qSE,
moment reference at 54 percent of the wing mean aerodynamic chord
Cy normal-force coefficient, N/qS
Xep distance from nose to center of pressure, percent body length
aCy

~—— rate of chenge of pitching-moment coefficient with normal force
oy coefficient

L 1ift

D drag

M' pitching moment

N normal force

a free-stream dynamic pressure

S total wing area Iincluding body intercept
) body length, in.

c wing chord

ot

wing mean aserodynamlc chord

P -
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ct tail chord

M Mach number

R Reynolds number based on wing mean aserodynamic chord

a angle of attack measured between body center line and reletive
wind, deg |

MODELS AND APPARATUS

Models

The models used for the present tests consisted of a complete
model (fig. 1), & body alone, a body-wing combination, and a body-tail
combination. Detalls concerning the airplane model are given in the
three-view drawing (fig. 2), in the sketches of the airfoil sections
(fig. 3), and in the table of geometric cheracteristics (table I). The
wing and tail sections were designed with large leading-edge radil because
of heat-transfer considerations at high Mach numbers. The wing leading.-
edge radius, for example, would be approximately 1.5 inches at the wing-
fuselsge intersection for a full-size airplane having a wing span of aboub
28 feet. Inssmuch as the effectiveness of 1lifting surfaces having a flat
plate or conventionel airfoil sections decreases considersbly with Mach
nurber at high supersonic speeds (ref. 1), the effectiveness of tail sur-
faces of conventional size utilizing these airfoll sections would be mer-
ginsl or insufficient at the Mach number of the present tests. Several
types of tail airfoil sections therefore are being considered and the
present results were obtained with a 5° semiangle wedge section. A photo-
graph of the complete model configuration installed in the langley 1ll-inch
hypersonic tunnel (M = 6.86 nozzle) may be seen in figure L.

Wind Tunnel

The tests were conducted in the Langley ll-inch hypersonic blowdown
tunnel. This tumnel is equipped with a single-step two-dimensional nozzle
constructed of Invar. The nozzle is designed by the method of characier-
istics with a correction made for boundary layer and operates at an average
Mach number of 6.86. The duration of each run was about 80 seconds, and
the variation of test section Mach number with time is negligible after
the first 15 seconds of running time. This constant Mach number flow
made it possible to obtalin forces for several angles of atteck during
each run. The model was held at low angles of attack for starting and
stopping the runs in order to minimize shock loads on the strain-gage
balance which supporits the model., Further details concerning the ll-inch
tunnel installation may be found in reference 2.
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Strain-Gage Force Balances

Six-corponent force and moment measurements were made by means of
two strain-gage balances. Five components, including normal force, side
forece, pitching moment, rolliing monrent, and yawlng moment were measured
on a balance mounted inside the model. The sixth component, chord force,
was obbained on a two-component external balance measuring normal force
end chord force. Tne model was attached to the balence and the variation
of angle of attack was accomplished by rotating the balance and model
through the desired angle, thus keeping constant geometry between model
end balance for all conditions.

Schlieren Systemn

An off-axls, single-pass, two-mirror, schlieren system utilizing
a mercury-vapor light socurce was used for all tests. Schlieren photogreaphs
were recorded on standsrd panchromatic film exposed for approximetely
% microseconds. These photographs were obtalned at each test point and
were used to measure the angle of attack of the model for 21l tests. The
accuracy with which the angles of attack were measured was within 0.10°.

TESTS

Tests were made at stagnation pressures of 20 and 33 atmospheres
absolute. The stagnation tempersture was maintained at an average value
of 675° F to avoid air liquefaction (ref. 3). These conditions correspond
to Reynolds numbers of 343,000 and 566,000 based on the mean aerodynamic
chord of the wing. The absolute humidity was kept to less than

1.87 x 10~2 pounds of water vapor per pound of dry air for all tests.
Because of the load limitations of the five~component balance used, some
of the present tests were conducted at the reduced stagnetion pressure.
The pitching-moment and center-of-pressure data therefore were obtained
for the complete airplane and its components at the lower Reynolds num-
ber of 343,000. Lift and drag data were obtained for the complete air-
plane and its components at a Reynolds number of 566,000. Lift and drag
data were also obtained for the complete airplane at a Reynolds number
of 343,000 for comparison purposes.

Lift, drag, and pitching moment were obtained for angles of attack
up to gbout 28° for the complete airplane configuration and up to sbout
14© for the body-alone, body-wing, and body-teil configurations.
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SUMMARY OF RESULTS

The experimental aerodynamic cheracteristics of the models are
tabulated for each angle of attack in table II. The wvariations with
engle of attack of the aerodynsmic characteristics, Cy,, Cp, L/D, Cms

and Xgp for the complete airplane configuration and its components are

presented in figure 5 at a Msch number of 6.86 for Reynolds numbers

of 343,000 and 566,000. As noted previously, lift and drag tests were
made at both Reynolds numbers only for the complete glirplane. The results
of these tests which are presented in figure 5(a) show little effect of
Reynolds number on Cj, and Cp; however, a small increase in maximum L/D
with inereasing Reynolds number is indicabted. In figure 5 the test data
show very little scabtter; however, some erratic tendencies are shown for
the veristions of center of pressure at angles of attack lower than 5°

at which considerable scatter in the data resulbed from inaccuracies in
the measurement of the smell quantities. In figure 6 typical schlieren
photographs are shown of the complete model at variocus angles of attack.
Schlieren photogrsphs of the body-wing, body-tail, end body-aione con-
Tigurations are shown in figure T.

The effect of the components of the airplane on the aerodynamic char-
acteristics are presented in figures 8 to 12. As expected at hypersonic
speeds, a lerge portion of the 1lift of the complete model (30 percent) is
contributed by the body alone. (See fig. 8.) The greater portion of the
remaining 1ift is contributed by the wing. The 1lift contributed by the
tail is considerably greater at higher angles of attack when the tail is
combined with the body than when the tail is combined with the body and

wing.

In figure 9 it may be seen that at angles of attack near zero, the
drag of the body-wing and body-tall configurations are the same, indi-
cating that the drag contributed by the wing and the tail are gbout equal.
Furthermore, it appears that the drag of the body, the wing, and the tail
each contributed approximately the same proportion of the total minimum
drag.

The maximum measured value of the lift-drag ratio of the complete
model was 2.36 at a Reynolds number of 566,000. Contributing factors to
this relstively low lift-drag ratio were the blunt leasding-edges and high-
drag wedge tail sections.

In figure 11 the curves for the complete model and body-tail con~
figuration show a stable variation of pitching-moment coefficient with
angle of attack, whereas those for the body and body-wing configurations
show an unstable variation.
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The variations of center of pressures for the four configurations
(fig. 12) indicate small resrward movements with angle of atbtack, with
the complete model having the more nearly constent trend with «.

The large contribution of the horizontal tall surfaces to the static
longitudinal stability of the model mey be seen from the curves of fig-
ure 13, which show the variation of the pitching-moment coefficient with
normel-force coefficient for the complete model and for the body-wing
combination.

The variation of the static~longitudinal-stability parameter chlaCN

with normal-force coefficient for the complete model and the body-wi
configuration is presented in figure 1k. For the complete model OCp/dCy

varies from about -C.1l4 at Cy = 0.1 +to sbout -0.30 at Cy = 0.8. Below
Cy = 0.1 the curve exhibits the unusual tendency of becoming more neg-
ative wlth decreasing Cy. This tendency follows from the reversal of

curvature of the pitching-moment variation with normal force shown in

figure 13. A comparison of the curves of figure 14 shows that there is
a constant difference between the curves of the body-wing configuration
end the complete model equal to about 0.25 dCyp/dCy for values of Cy

above 0.1l. This constant difference corresponds to a2 movement of the
neutral point between the body-wing configuration and the complete model
of epproximately 25 percent of the wing mean aerodynamic chord and repre-
sents the tail contribution to the longitudinal stability parame-

ter OCp/oCy.

Langley Aeronauticel Laborsatory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 1, 195k.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Wing:
Area (including area submerged in fuselage), sq. in. . « « . « « 6.2k
SpPan, IN. « o o« o o s o o s a4 4 o 8 e o s s s e o s s e s s s« o b33
Mean aerodynesmic chord, in. T Y A
Root chor@, In. « ¢ o o o ¢« o o o o o ¢ ¢ o o o s o 8 « « o« o = 2.53
Tip chord, IN. « o = o « « o o o o o ¢« s« o o s s o « o« o s » o 0354
Airfoll section « « « ¢« ¢+ ¢+ ¢« « « « hexagonal with round leadlng edge
Taper 8510 « o o o o o o « s o o ¢ o o s s o s ¢ « o« o o+ o o« 0JAh0
Aspect v8ti0 o ¢« v ¢ o o 4 4 6 o 6 o e 4t s s s & a8 o 8 s @« o 3.00
Sweep of leading €dge, AEE « 2 « = « s « o s s« s ¢ 2 s« o+ « « 38.8%
Sweep of ¢/4 1ine, AEE + « o « « o o s o 8 o o s 8 o s s 8 s o s 29
Incidence at fuselage center line, deg . ¢« ¢« « « ¢ ¢ o ¢« « « ¢« o &« O
Dihedral, d@gZ o+ o« o o o o o s o s ¢ o s s o o s e s 5 s s s s ¢ « » O
Geometric twist, deg « « ¢ o o ¢ o« o s « s o s « o« s s s s s o« ¢ s 0O

Horizontal and vertical talls:
Area (including area submerged in fuselage), sq in. e s s o o s 2.06
Span, IN. « o« « « o o o s o s « ¢ o s 3 s 2 s s o & s o s 0 o o« 2.69
Mean aerodynamic chord, ine « « o« ¢ « ¢« o o s s o o s « s o« « » 0.853
Root chord, 1lc o o o o « s o « o o « o o o o o o o a o s o o » 121k
Tip chord, In. . o o o o o ¢ o ¢« a ¢ o s o ¢« o s s & & & s o & 0317
Alrfoll 8€Ction « o « » o « « ¢« o = s a s o o« s o« » 50 semiangle wedge
TAPEr TAEIO « o o « o« o o o o s o o s « ¢ =+ o s o s s s o o o o 0261
Aspect ratio ¢ « ¢« o ¢ ¢ o 6 0 6 6 0 e 0 0 6 e « s e 3.52
Sweep:of leading €dge, dEE « « « « o = o s o o s o s s o o o 22,63
Dihedral, 8 « « + o o s o ¢ s o o o s s s o s o o e s o s s« 0

Fuselage:
Length, IN. « « ¢ o o o o« o ¢ s« o s + o ¢ ¢« s o o s s o o s o 7.50
Meximum diameter, In. « « « ¢ « 2« o ¢ o ¢ o o s« o o s s o o s o 0.790
Pineness rablio o ¢« o « o o o o s s ¢ ¢ o o ¢ « s o« o « s o o » 9.50
Base dlameter, 1m. . « o ¢ ¢ o o ¢ ¢« ¢ ¢« o ¢ o s o s ¢« a s o s 0.79
Distence from nose to moment reference . « « « ¢« o o o o« &« « « 25.950
Ogive nose length, In. « ¢« « ¢ ¢« o o o ¢ ¢ o o s a o = ¢ = o » 2.29
Ogive T8AIUS, 1Me « « « o « ¢ o « o o o o s s o o s s s o s o o 6.8



TABIE IT.- AERODYNAMIC CHARACTERISTICS OF TIIE MODEL

AND ITS COMPONENTS AT M = 6.86

(a) Two-Componenlt Balance Date

;‘ég Cr, Cp L g’;g Gy, Cp L/D gég Cy, ) L/p
Complete model; R = 343,000
0.21 | 0.0038 | 0.0392 | 0.097 7.38 | 0,132 | 0.0689 | 1.9% || 14.65 [0.31 |[0.145 | 2.15
1.36 0205 | .0398 51k 8.50 | .154 L0749 | 2.06 || k.66 .313 43 | 2,20
2.3L | .038h| .0M08 | .ohL 851 158 | o57)2.09 [|16.715] 385 | .182 | 2.11
3.36 | 0455 | 04O | 1.0k 8.46 | 1635 | .05 [2.26 |[16.80 | .382 | 177 |2.16
haio | .0622] 0473 | 1.32 943 | 177 | .0829]|2.15 {]18.85 | 6L | .227 | 2.03
5.1 | .0820% .0512 | 1.60 1055 [ .202 | L0924k [2.28 || 21.06 | .539 | .285 |1.90
6.1 | W11 | L0625 | L.TT 1046 { .201 .0905 2,05 ||2L.13| .537 | .287 | 1.87
6.43 | .110 | .0619 | 1.78 12.61| 255 | % |2.22 ||25.16] .625 | 348 | 1.79
6.48 J16 L0616 | 1.89 12.63 | .260 | 118 |2.20 |[25.38( Tk J27 j1.67
27.51 | .80 51k | 1.56
Complete model; R = 566,000
0.3'0 0.002% | 0,0365 | 0.062 4,36 | 0.0764 | 0.0490 | 1.56 8.51 | 0.1575 | 0,0694 | 2.26
1.28 | .0189| .0383 | .493 5.13 | 0953 .05k | 1.63 8.58 | .1629 | .072k]2.25
2.25 | .0389| .ohk22 | .922 6.33 | .1135| .0589 |1.92 |[|210.66 | .2167 | .0919 | 2.36
2,28 | .038k| 0415 | .925 6.5 127! .0568 [1.98 ||12.95 | .270L | .116k | 2.32
3.35 | 0579 0468 | 1.24 7.35 | .137| 0697 |1.89 ||15.0L | .3%21| .1456 | 2.28
4.3 | 07500 0507 | 1.h8
Body alone; R = 566,000
0.08 |-0,0008 | 0.0139 | -0.0609 || 6.16 | 0.0299 | 0.0205 | 1.46 (] 20.20 | 0,0616 | 0.0307 | 2.01
2,08 | .0078| .0152 | .51 8.2L( .ok L0252 | 1,75 {|12.31 | .0795 | .0368 {2.15
4,06 | .0181| .0166 | 1.08 8.25| .0h53| .0234 | 1.9% {({1h.28 | .0976 | .OM53|2.15
Body-teil; R = 566,000
0.18 |-0.0001 | 0,0284 |-0.003L {| 6.23 | 0.056k | 0.037% | 1.510 || 10.50 |0,0983 | 0.0557T | 1.760
2,21 | .0180] .0298 | .60% 8.21| 0759| .0%53 | 1.680 [|12.65 | .1234 [ .066k | 1..860
k25 | .0%360| .0326 | 1.100 8.30 | .0728| .ou58 [1.590 [|24.48 | .153% | .0807 | 1.900
Body-wing; R = 566,000
0.13 | 0,00k1|0.025 | 0.162 6.31 | 0.0828 | 0.0420 { 1.97 || 10.60 |0.1741 | 0.0686 | 2.54
2,23 | .0%02| .0515| .939 8.36 | +.1251| .053L[2.36 ||12.68 | .2197 | .0871] 2.52
4.35 L0606 | .0%L | 1.73 8.36 | .1317| .053L |2.48 || 1476 | .2806 | .11k 2.45
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TABLE II.- AERODYNAMIC CHARACTERISITCS OF THE MODEL AND ITS

COMPONENI'S AT M = 6.86 — Concluded

(b) Five-Component Balance Data

a, C Cn ¥op? a, c C Xep? a, c C Xep?
N N m N m
deg percent deg percent; deg percent
Complete model; R = 343,000
0 0.0046 | -0.0002 51.7 1.98 | 0.0247 | -0.0089 60.9 9.83 | 0.2152 | -0.0403 57.0
0 L0064 | -,0005 545 2,85 .ok21l | -.0123 59.% 14,78 | 3663 | -.0Th9 57.4
Oh | L0015 | -.0005 0 3.85 | L0579 | -.0046 58,4 9.7 | 5735 | -.1311 57.9
.06 | L0065 | -.004T 69.2 88| .o765| -~.0172 57.8 2k, 70 | .8183 | -.20k0 58.h
Body alone; R = 343,000
T I -J) [— 0.0008 —— 5.98 [ 0.0374 | 0.0198 ko.6 17.98 {0.1382 | 0.0389 46.3
1.05 {0.0038 <0057 18.5 7.97{ .0490 L02L7 .2 20,03 | .1685 .0391 b7k
1.93 | 0167 .0091 40,3 9.97 | .0631 .0289 42,3 21.93 | .2003 .0393 48.2
2.9 OLT9 L0124 36,9 11.90 | .08459 L0302 k3.9 23,95 | .2788 0395 48.8
k.00 | .0LT9 L0149 33,7 15.95 | .0999 0349 .7 25.90 { .2621 .0397 49.2
5.02 1 0245 LOLTY 36.5 16.00 | .1135 L0378 45,1 27.9 | .3008 0399 49,7
Body-tail; R = 34%,000
0.12 | 0.0002 | -0.0008 38.7 5,92 | 0.0545 | =0.0205 61.3 17.68 [0.2460 | -0.1151 63.L
1.08 | ,0088 | -.0037 62.3 7.88 | .0767| -.0285 61.2 19.55 | .2893 | -.1h1 635.8
2,02 | .0163| -.0069 62.k 9.85 | .1020 | -.0388 61.% 21.50 | 3347 | -.1671 6.1
3.05 | .0240| -.0099 62.1 11.87| .1290| -.0p12 61.8 2340 | 3778 | -.1923 6h.3
3.98 | 0345 | -.0135 61.5 15,82 | .1609 | -.0678 62.5 25,35 | L287 | -.221k 6.5
h.o8 | .ok38 | -.0170 61.6 15.70 | .2030 | -.0897 62.8 27.30 | 4820 | -.2505 6h.6
Body-wing; R = 343,000
0.05 |0 0.0012 —— 3.01 | 0.044% | 0.0096 47.8 12.18 10,2011 | 0.0311 ho.2
.06 |0 .0005 R 3.95 | .06l42 0133 18,0 .23 | .2590 .0339 ka.7
95 | .0155 0043 47.5 L8| .0588 .0131 47.6 16.05 | .3227 .0348 50,2
.96 | LOLLT .0038 45.3 6.05 | 0706 .0192 4.5 18.13 | .3898 0348 50.T
2.05| .0289 .0068 L7.3 8.06 | .1092 L0241 1.7 20.12 | .4698 L0342 51.0
2.15 | .0325 .0072 k7.6 10.10 | 1539 .0283 k8.5 25.15 | .6801 0263 51.8
3,00 | OMTL . 010k M7

ot
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Figure 1l.- Photograph of complete model.
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Figure 2.~ Three-view sketch of wind-tunnel model. All dimensions in
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(a) Wing.
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(b) Horizontal and vertical taills.

Figure 3.- Wing and tail airfoil sectlons used on model.
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Figure .- Installation of model in the Langley 1l-inch hypersonic tunnel.
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Figure 6.- Typlcal schlieren photographs of complete-model configuration.
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1.~861.89
Figure T.- Typical schlieren photographs of the body-wing, body-tail, and
body-alone configuretions.
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Figure 8.- The variations of the 1ift coefficient with angle of attack
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Figure 10.- Veriation of lift-drag ratio with angle of attack for model
and its components. M = 6.86.
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Figure 12.- Variation of center-of-pressure location with angle of attack
for model and its components. M = 6.86; R = 343,000.
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