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AERODYNAMIC AND FLOW-VISUALIZATION STUDIES OF VARIATIONS
IN THE GEOMETRY OF IRREGULAR PLANFORM WINGS
AT A MACH NUMBER OF 20.3

By David R. Stone and Bernard Spencer, Jr.
Langley Research Center

SUMMARY

The longitudinal and summary lateral-directional stability characteristics have
been obtained for a variety of irregular planform wings applied to a conceptual space
shuttle orbiter. Three basic wing planforms with leading-edge sweep angles of 53.29,
46.8°, and 35° were studied in conjunction with a series of inboard planform fillets with
sweep angles up to 78°. The spanwise intersection point of the fillets and the basic wings
was held constant., The data were obtained in the Langley 22-inch helium tunnel at a Mach
number of 20.3 and a Reynolds number of 2,10 X 108 based on model length. Model angle-
of -attack range was from 0° to 54° at sideslip angles of 0% and -3.8°. Flow-visualization
studies using both the surface oil-flow and electron-beam-illumination techniques were
made for selected configurations and test conditions.

The results of the investigation indicate that the addition of fillets increased the
maximum lift coefficient and trim angle of attack of the basic wings with negligible effect
on longitudinal stability at trim. The addition of fillets had little efiect on the static
directional instability of the basic wing designs and slightly decreased the static lateral
stability (positive effective dihedral); however, the dynamic directional stability param-
eter was favorable above an angle of attack of 14° for all wing-fillet combinations. The
flow-visualization results indicated that the addition of the fillets had little effect on the
location of the bow-shock-wing-shock interaction, which was inboard of the wing tips
and outboard of the wing-fillet juncture at an angle of attack of 30°. The location of vor-
tices and extent of vortex scrubbing on the side of the fuselage depended on the location of
the body-fillet juncture,

INTRODUCTION
The NASA Langley Research Center has recently initiated an experimental and ana-
lytical program to study the aerodynamic characteristics of irregular planform wings

falso referred to as cranked wings (ref. 1) or double delta wings (ref. 2)). For the pres-
ent study, these planforms are referred to as wing-fillet combinations with the inboard
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more highly swept portion of the planform being defined as a fillet according to the conno-
tations of reference 3.

The study is at present directed toward improving the aerodynamics of the space
shuttle orbiter, although the general long-range goals are applicable toward improved
design of aircraft as well as certain advanced aerospace vehicles. The benefits to be
derived from the use of fillets with selected planforms include linearization of the sub-
sonic lift-curve slope to high angles of attack. (See ref. 4,) With regard to shuttle orbi-
ter design, this improved lift at the angle of attack specified for landing allows for either
reduced landing speeds or reduced wing planform area for specified mission return
weight, In addition, proper tailoring of the wing-fillet combination allows linearization
of the curve of pitch against the angle of attack up to angles for high lift; thus, trim pen-
alties on both lift and performance are reduced. Although these subsonic benefits may he
favorable, the question arises as to what effect a near-optimum subsonic design will have
on the desired hypersonic trim angle and stability requirements (dictated by cross-range
or heating constraints). Since both subsonic and hypersonic conditions are the two prime
areas of concern in the present application of wing-fillet combinations, the overall study
has been designated the Subsonic-Hypersonic Irregular Planforms Study (SHIPS).

With regard to the overall projected SHIPS program, the objectives of the study are
to generate an experimental data base from low subsonic to hypersonic speeds accounting
for secondary effects of Reynolds number, airfoil section, leading-edge radius and sweep,
as well as planform geometry; to provide an aerodynamic prediction technique for irreg-
ular planform wings based on these extensive wind-tunnel results; and to provide empiri-
cally determined boundaries to serve as design guides regarding linearized lift, pitch,
and realistic longitudinal and lateral center-of-pressure locations as a funetion of Mach
number. '

The present paper is an element of the SHIPS supporting information and presents
the aerodynamic characteristics at a Mach number of 20.3 for a series of wing-fillet
combinations on three wings which have each been separately studied on various orbiter
concepts., The basic wings are designated: wing 1, a 53.2° clipped delta (refs. 5, 6,
and T); wing 2, a 46.89 trapezoidal design from an analytical program (ref. 8); and wing 3,
a 35° trapezoidal design (ref. 9). A systematic series of fillet sweep angles up to 78°
were examined with each wing while maintaining a constant spanwise intersection of the
tillet and wing. The data were obtained at a Reynolds number of 2,10 x 106 based on
model length over an angle-of-attack range of 0° to 54° at sideslip angles of 02 and
approximately -3.8°, The basic aerodynamic data have been previously presented in
reference 10,



SYMBOLS

The longitudinal force characteristics are referred to the stability axes, and the
longitudinal moment and the lateral-directional characteristics are referred to the
body axes. The coefficients are normalized with respect to the theoretical basic wing
(that is, without fillet), planform area, body reference length, and total span of each wing.
(See table I) The characteristics of the body alone were normalized by using the refer-
ence dimensions of wing 1., The moment-reference point corresponds to a longitudinal
center-of-gravity location at .66 body reference length and a vertical location on the body
reference line, (See fig. 1.)

b wing span
Ca axial-force coefficient, %
Cp drag coefficient, Cp cos o + Cy sin o
CL lift coefficient, Cpjcos a - Cp sin «
C; rolling-moment coefficient, Rolling moment
qsh
. - L aidacdd AC,
C; 8 rate of change of rolling-moment coefficient with sideslip angle, A5 per
degree (3=0° and B=-3.89)
Cm pitching-moment coefficient, P1tch1‘n§S;noment
CN normal-force coefficient, _mcai._ls_f_o_r_'g_g
Cn yawing-moment coefficient, Yawing moment
qSh
. - . . . ACy
Cn 3 rate of change of yawing-moment coefficient with sideslip angle, a3’ per

degree (=02 and p=-3.89

(Cn ) dynamic directional-stability parameter, Cp, cos a - €y, Iz sin @, per degree
Bldyn B B Ix

Cy side-force coefficient, Side_fsorc_g
q
. . o ACy
CYB rate of change of side-force ccefficient with sideslip angle, --AF, per degree

(8=0° and 8= -3.8%



1z /IX ratio of moments of inertia about yaw and roll axes; value used = 7.0

L/D lift-drag ratio

Z body reference length

M Mach number

q dynamic pressure

s reference planform area

St planform area of fillet

X longitudinal coordinate measured from model nose
Xep location of center of pressure measured from model nose
o angle of attack, deg

B sideslip angle, deg

Af fillet leading-edge sweep angle, deg

Ay wing leading-edge sweep angle, deg

Subscripts:

max maximum

trim trim conditions, Cy =0

MODELS

The fuselage for the present investigation was a 0.00403-scale version of the
LO-100 orbiter concept (ref. 5). The fuselage forebody incorporated positive camber
to produce near zero or positive pitching moment at zero angle of attack at hypersonic
speeds. A body base flap was also included as a hypersonic trim device,



Wing 1 (fig. 1(a)) had a 53.2° leading-edge sweep, unswept trailing edge, 1° of inci-
dence at the theoretical root, and -4° incidence at the tip. Wing 2 (fig. 1{b)) had a 46.8°
leading-edge sweep, -11.2° trailing-edge sweep, and a 1.5° incidence, Wing 3 (fig. 1(c))
had a 35° leading-edge sweep, -19.6° trailing-edge sweep, and a 1.5° incidence. A more
detailed description of the model components is listed in table L.

The longitudinal location of each wing on the fuselage was selected to produce a
wing-fillet intersection at 0,62 of the body reference length with a spanwise intersection
at 0,176 {normalized by the body reference length). Fillet sweeps to 78° (table II) were
investigated on each wing while a constant spanwise intersection of the fillet and wings
was maintained. Fillet leading-edge radius was dictated by the minimum allowable from
aerodynamic heating constraints for a given fillet sweep (that is, reduced sweep and
increasing radii}). No specific airfoil section applies to the fillets and maximum thick-
ness occurs where each fillet fairs into the basic wing along the wing maximum thick-
ness line (that is, line at constant pelrcent of chord).

APPARATUS AND TESTS

Wind Tunnel

The experimental investigation was conducted in the Langley 22-inch helium tunnel
at a Mach number of 20.3 and a Reynolds number of 2.1 X 10° based on model length
(13.823 ¢cm). The total temperature of the flow was within the range of about 278 to
288 K. Operational characteristics of the facility and details of the contoured nozzle
flow calibrations are available in reference 11,

‘ Tests

Aerodynamic characteristics.- The various configurations were tested on sting-
supported six-component strain-gage balances. Two balance-sting combinations were
used to cover the angle-of-attack range of 0° to 54%; a straight sting for 0° =o = 35°
and a 35° bent sting for 18° = o =54°. A detailed description of the stings is given in
reference 12, Data were obtained at predetermined angles of attack by using a prism
mounted in the model to reflect light from a point (adjacent to the test-section window)
onto electric eyes positioned at calibrated intervals. Additional features of this system
can be found in reference 11, Sideslip angles were obtained with the sting yawed at fixed

angles of 0° and approximately -3.8°,

The estimated maximum uncertainties in the measured basic data and in the test
conditions are shown in the following table:



Straight sting 359 bent sting

CN v v v e e e e e e e +0.0047 £0.0142
TCA L e e e e e e e e e e e e e e e e +0.0016 +0.0020

G v v v e e e e e e e e e e e e e e e e +0.0012 +0.0021

0 +0.0004

G v e e e e e e e e e e e e e e e e e e +0.0004

Oy e e e +0.0032

R, AeE L L L s e e e e e e e e e e e e e e 0.1

L +0.2

Uncertainties in the aerodynamic coefficients and the test parameters were determined
from a static calibration of the balance, readout errors, and test-section Mach number
calibrations. Base pressures were measured at one location for the low-angle-of-attack
tests, and the balance axial forces were adjusted to a condition in which free-stream
pressure acted over the model base, Since these corrections at higher angles of attack
are negligible (ref. 12), the data for the high-angle-of-attack tests contain no base pres-
sure corrections.

Flow visualization.- Both surface oil-flow and electron-beam jillumination tech-
niques were employed to study the flow characteristics. The technique used for the sur-
face oil-flow studies was to apply droplets of a mixture of lampblack and silicone o¢il
onto a light-colored model that had been initially coated with a thin film of clear silicone
oil. Simultaneous photographs of the oil-flow patterns and the electron-beam illuminated
flow field were then made during a run. Additional photographs of-the oil-flow patterns
were taken after the models were removed from the tunnel, Although a model shield
device was used, these patterns were subjected to flow shutdown disturbances, These
disturbances have been observed to be small, but they can cause a slight movement in
heavy oil accumulation regions such as along separation lines.

The electron beam is routinely used as a flow-visualization device in the 22-inch
helium tunnel. The flow becomes illuminated when the gas molecules radiate light upon
returning from a momentarily excited state caused by a bombardment of electrons from
a concentrated beam emitted from a gun device. The light-intensity variations, propor-
tional to the gas density, permit flexible, three-dimensional viewing of the external flow
field about a test model. More details of the equipment and a description of the illumi-
nated flow technique can be found in reference 13.

RESULTS AND DISCUSSION

Aerodynamic Characteristics

The longitudinal aerodynamic characteristics of the body alone and each of the wing-
body combinations (without fillets) are presented in figure 2. The lift coefficient increased
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with decreasing wing leading-edge sweep; however, the (L/D);, . decreased with
decreasing wing leading-edge sweep (from 2.05 for wing 1 to 1,75 for wing 3) because
of higher wave drag for lower sweep angles. As expected, the body alone was longitu-
dinally unstable over the test angle-of-attack range for the selected center-of-gravity
location of 0.66 body length. All three wing-body combinations were longitudinally
stable for angles of attack from 14° to 51°, and trim occurred at o= 17° (wing 1),
a=18° (wing 3), and o =20° (wing 2).

The longitudinal characteristics of the three wing-body combinations with fillets
are given in figures 3, 4, and 5 and are summarized in figure 6. The addition of the fil-
lets increased the Cp, max (fig. 6(a)) of each basic wing whereas o for Cp, max
remained unchanged (@ = 51°). The increase in Cp, max for the largest fillet (Af = 78°)
was 0.03 for wing 1, 0.045 for wing 2, and 0.055 for wing 3. The value of (L/D)pyax
increased slightly with wing fillet sweep (approximately 0.10 for the largest fillet on
each basic wing). Increasing wing fillet sweep for any given wing increased O4pim
with stable trim points being obtained. Analysis of the piteh data indicated that the
addition of fillets on each wing design had negligible effect on longitudinal stability at
trim with some loss in longitudinal stability above ¢4.jp,- The increase in Otpim
(fig. 6(b)) for both wing 2 and wing 3 was slightly greater than 10°, which was sufficient
to trim the vehicle near o= 30° (nominal entry attitude for a shuttle orbiter high-
crogs-range mission, ref, 14) with neutral elevon control.

The summary lateral-directional characteristics for each of the wing-body com-
binations (without fillets) are presented in figure 7. All three wings had relatively con-
stant levels of static directional instability (—Cn B) except for wing 3 above o = 20° and
positive effective dihedral (-C )W which increased with increasing angle of attack., The
dynamic directional stability parameter ((CnB) dyn) was positive (favorable) above « = 14°,

The addition of the 70° and 78° fillets on wing 2 (fig. 8) had a small effect on the static
directional instability and slightly decreased the positive effective dihedral above o = 20°,

Flow-Visualization Studies

Flow-visualization studies were conducted to observe the flow about the orbiter with
various wing fillets in order to identify any complex flow phenomena due to the complicated
geometry, Electron-beam and oil-flow photographs using combinations of basic wing 2
(fillet off) and with 65° and 78° fillets at angles of attack of 30° and 40° are presented in
figures 9 to 20, Electron-beam photographs of the other wings at o= 30° are presented
in figures 21 and 22.

The illuminated-flow results for wing 2 indicate that the location of the interaction
between the bow and wing shocks was relatively unchanged by the addition of fillets and
was located substantially inboard of the wing tips but outboard of the wing-fillet juncture



at o =30° (figs. 9(b), 9(c), 10(b}, 10(c), and 11{b)). The interaction was near the wing
tips at o =400 (figs. 12(b), 12(c), 13(b), 13(c), and 14(b)). Under flight conditions, the
shocks would be more inboard since shock-detachment distances are generally smaller
in air because of its lower ratio of specific heats compared with the helium test medium,

The oil-flow patterns (figs. 15 to 20) show extensive attached flow along the side of
the fuselage forward of the fillet, vortex-type flow from the fillet-body junctures that
sweep the side of the body, and substantial attached flow along the upper surfaces of the
wing at « = 30°. Note that in figure 10 some rearward movement of the oil along the
separation lines of the upper surface of the wing occurred after shutdown, The location
of vortices and extent of scrubbing on the side of the fuselage depends on the location of
the fillet~-body juncture. (See figs. 15(c), 16(c), and 17(c).) It should be noted that this
type of vortex scrubbing also occurs for other delta-wing configurations. (See, for exam-
ple, ref. 12.) In the bottom views there was extensive outflow along the forebody of the
fuselage and fillets, inflow near the wing-fillet junctures, and outflow on the wing outboard
of the bow and wing-shock interaction; however, the flow on the bottom of the wing in the
area of the undeflected elevon controls and body flap was essentially two-dimensional,
{See (b) parts of figs. 15 to 20.)

Electron-beam photographs showing the effect of the fillets on the shock structure
of the body plus wings 1 and 3 at « = 30° are given in figures 21 and 22, respectively.
The addition of the fillets had little effect on the location of the interaction hetween the
bow and wing shocks (as was the case for wing 2). Note that the 70° fillet angle gener-
ates an additional internal shock (figs. 21(b) and 22 (b)) which interacts with the external
shock structure. A similar internal shock can be seen for the 65° fillet-wing 2 combi-
nation in figure 10(c). This shock further complicates the flow field an‘d could cause
increased heating especially along the leading edge of the wing. A different fairing of
the fillet body juncture (eliminating the break) could alleviate the generation of the unde-
sirable internal shock,

CONCLUSIONS

The longitudinal and summary lateral-directional stability characteristics have
been obtained in the Langley 22-inch helium tunnel for a variety of wing planforms having
leading-edge sweep angles of 53.20, 46.8° and 35° in conjunction with a series of inboard
planform fillets with sweep angles up to 78°, The spanwise intersection point of the fil-
lets and the basic wings was held constant. A flow-visualization study consisting of
electron-beam illuminated flow and surface oil-flow patterns was also included. The
results of the investigation are as follows:



1. The addition of fillets increased the maximum lift coefficient and trim angle of
attack of the basic wings with negligible effect on longitudinal stability at trim.

2. The addition of fillets had little effect on the static directional instability of the
basic wing designs and slightly decreased the static lateral stability (positive effective
dihedral); however, the dynamic directional stability parameter was favorable above an
angle of attack of 14° for all wing-fillet combinations,

3. The flow-visualization results indicated that the addition of the fillets had little
effect on the location of the bow-shock—wing-shock interaction, which was inboard of the
wing tips and outboard of the wing-fillet juncture at an angle of attack of 309, The loca-
tion of vortices and extent of vortex scrubbing on the side of the fuselage depended on the
location of the body-fillet juncture, '

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., April 17, 1974,
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TABLE I,- GEOMETRIC CHARACTERISTICSE OF THE MODEL

Body:
Reference length, 2 cm (I0) . 0 v v v v v v i b i e e e e e e e e e e 13.823 (5.442)
Maximum height, ¢em (in)) .. . .. ... e e e e e e e e e e e e e e 2,365 (0.931)
Maximum width, em {in)) ... ... ... ... 0 L. e e e e e e e . 2,580 (1.016)
Wing 1:
Root chord, e {in.) .. . oo o0 v e e e et e e e e e e e e e 8.462 (3.332)
Tipchord, em (L) o v o i v o bt e e e e e e e e e e e e e e e e e e e e 1.269 (D.500)
Mean aerodynamlc chord, em (1) . . . . . 0 i i i i e e e e e e e 5,752 (2,265}
T RN 1 T 10.762 (4.238)
Total planform area, em2 (0] | . L L L L e e e e 52,377 (8.118)
Leading-edge sweep, def . . . . . . L. oL i e e e e P+ -4
Trailing-edge sweep, @eE . . . . . L L . L L L L e i e e e e e e e e e e e e e e e e e e . 0.0
Dihedral,deg . . . .+ - -« v v v v .- e e e e e e e e e e e e e e e e e e e e e e e 7.0
INCIAENCE, BBE & & « v = v o v e v it e e e e e e e e e e e e e e e e 19 at reot, -4Y at tip
Airfoil section . , . . . . . L L. Ll e e e e e P T [NACA 000§-64 inboard
: NACA 0012-64 tip
Aspectratlo ... ..... e s e e e e e e e e e e e e e e e e e s 2,212
Taper ratio . . . . . L L L i i e e e e e e 0.15
Wing 2:
Root chord, em  (IM)  « o o v v v v e e e e e e e e e e e e e e e e e e e e e e e e B.107 (3.192)
Tip ehord, €M (IN) 0 v 0 o o s s s e e e e e e e e e e e e e e e e e e 1.092 {0.430)
Mean aerodynamic chord, em () . . . o o 0 e e e e e e s 5.491 (2.162)
Span,@¢m (in) .. .... e e e e e e e e e e e e e e e e e s 110114 {4.376)
Total planform area®em? (In2) .. .. ... .. ....... e e e e e ... 31097 {7.920)
Leading-edge sweep, dBE . . . . . . . i 4 i i b b e e e e e e e e e . T L. ... 468
Trailing-edge sweep, deg . . . . . . . . o0 -11.2
Dihedral, deg . . . . . . . . . o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 7.0
Incidence,deg - . . . ... . . ... . 0. 1.5
AIPfoll BECHION . 4 . o v i e e e e e e e e e e e e e e e e {NACA 0008-64 taboard
NACA 0012-64 tip
Aspect ratio . . . .. Lo L e e e e e e e e e e e e e e e e e e 2.415
Taper ratio . . . ... e h ot h e e e ha e e e e e e e e e e e e e e e e e e e e e e 0.135
Wing 3:
Root chord, €m (0.} . . . . L . . . i e i e e e e e e e e e e e 7.534 (2.968)
Tip chord, em (i) . . . . . L L L e e e e e e e e e e e e e e e 1.506 (0.593)
Mean aerodynamic chord, cm  {in,) . . . . . . . L L L L e e e e e e e e e e e e e 5.190 (2.043)
Bpam, @ em (I} . . . . i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 11,414 (4.494)
Tatal planform area,® em2 {in) . ., L e e e e e e e e 51.600 (7.998)
Leading-edge sweep,deg . . . . ... ... e e e e e e e e e e e e e 35.0
Trailing-edge sweep, deg . . . . . & v b v i e i e e P e - X1
Dihedral, deg . . . . & v 0 vt i i e e e e e e e 7.0
Inchdence, deir . . . . . . . L L L L L i it e e e e e PR L5
Alrfoll section . . . ... .. e e e e e e e e e e e e e e e e e e ... . MNACA 00D8-G4
Agpect ratio . . . L L L L. e e e e e e e e e e e e e P 2.525
Taper ratic . . ... .......... e e e e e e, e e e e e e e . e e e e e e e e e e 0.20
Vertical tail:
Root chord {exposed), m (i) . . . . . i v it i e e s e e e e e e e e e 2.948 (1,180)
Tip chord, em {in.) ... .. e e e e e e e e e e e e e e e PR 1.216 (0.479)
Span fexposed), em (i) . . . L0 e e e e e e e e e .. 2,943 (1,158)
Area (exposed), cm? (In?) . ........ e e e e e e 6,127 (D.950}
Leading-edge sweep, dBE . v o v v 4 v v a v 0 s e e e e e - e e e e e i ke e e e e .. 450
Trailing-edge sweep, deg . .. ... .. .. e e e e e e e e e e e - e e e 250
Ajrfoll section . . . . .. e e e e e e e e e e e T NACA 0012-64
Agpectratio ..., ........... b e e e e e e s e e e e e e e e e e 1.414
Taper ratio . . . ... e e e e e e e e e, e e e e e i i e O, . 0,412
Body flap:
Span,em (in) .. ... ... e e e e e e e e e e e e e e e 2.355 {0.927}
Chord, em (in.) ... ... e e e e e e e e e e s e e e e e 0815 {0.321)
Arem,em? (n®) L . L L. e 0.960 {.149)

2 Modlel reference dimensions,



TABLE II.- PLANFORM AREA OF FILLETS

Af, deg St/8
Wing 1
78 0.382
75 272
70 .161
60 046
Wing 2
78 0.421
75 .309
70 .195
60 078
Wing 3
78 0.459
75 348
70 235
60 119
50 057

13
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fe————— . 620 |
Fillet
At - 1 ’ -059 Reference values
e T .176 for wing 1
s -
/ e L= 13.823 cm,
- -~ - S = 52.377 cm
~ -
> 085 b = 10.763 cm
00403 scale
Airfoil sections
53.2° -389
Root: 0006-64
Tip: 0012-64
- .025
.975 .092 Vertical~tail airfoil section

012-64

F
P 1.000 \ 7° I-v—-—.oss
T] Base flap —.093

{a) Wing 1.
Figure 1.- Sketch of models with dimensions normalized by body length 7 (13.823 cm).



4] |

.413

(c) Wing 3.

Figure 1.- Concluded.

Reference values
for wing 2

1 = 13.823 cm
S = 51.097 ¢m
b = 11.110 em

Airfoil Sections

Root: 0008-64
Tip : 0012-64

Incidence: 1.5°

Reference values
for wing 3

13.823 cm
51.600 cm?

1
S
b = 11.415 cm

Airfoil Sectioms

Root: (0003-64
Tip : 0008-64

Incidence: 1.5°
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Figure 2.- Effect on longitudinal characteristics of adding the three wings (without fillets) to the fuselage.
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Figure 3.- Effect of fillets on the longitudinal characteristics of the body plus wing 1.



0
1
02
04
-4
-.06

D 1
Co -.02

0, deg

Figure 3.- Concluded.

19



02

11.0

|
|
T
T
I
o]

T
|
[
|
|
[
T
i
PR
{
Il
)
i
o
|
i
[
I
P 1
1
S
1N
1
e
1]
sEen i s
L Tl i .
|
I
—
J I
|
-
Lllr1-h
|
-
7l
i

T
T
i
i
AL
o
=
|
mun g
i
T
[
L
P
| P
i
f
|
1
f
1
h.l_]_a_
[l
Iy
1
]
I
;
Il
;
i
1

1.4 }—--:-;'-r O 60.0

1.2 K5 _’“-:_:"A :

I
N

T I

i

1

]

b e )

=

i

s

[

BEIBEE s e e
H i H [ H ] Py,
I o =

T 1 H

f T T

I ]

|

e

!

1

T

I

I

i

l

T

i

I,

{

t

T

]

L

-4

|

i

H _: '_ ERil= R T T T - - N
H Eataeiadbininaadnn :..'.‘,?1 HHITH = H H T T
hui ik : )14 .
1.0 1 e P T ] 1] Fr 2

|
|
i
T
|
|
)
1
R |
f
N
L
]
I
= .y H
|
I
|
|
I
|
II
|
1]
|
I
{

I~
T
n
1
o el o
|
1
1 [
|
I
i
H -
M1
SRatER | assiemmaien
1 boopman o [
. S
P ;
1
}
T
|
(M|
Il
T
I
I
|
1
!
I
T
.
1
[
i
I

PR S
T
J il

. ] ;
: 1
" - ——r — - —
e e
- ‘ 10 : - o —
1
]
E
NN R
i
[
I
T
LI
I
‘L\\
i
L1
I

e e
Lo o |

H R b e L
LS T e e A
0 5 10 15 20 25 30 35 4o 45 50 55
q, deg

oo N
Rad
=
A
s

Figure 4.- Effect of fillets on the longitudinal characteristics of the body plus wing 2. A, = 46.8°,



55

] T o Ll 1 T Tt T [ ] - p—
I | 1 T T T T A A d T T
i - T i o e ] [
H T T : N 7 i " T =
H i T 4% ! A N T 1 ! 1 L
: ! : i ! S B a3 W I
[ . T e BT D isar) SRR RN AR
: 1 - N 1 T i ! I ] y ' et LR
g : T Bl | - T i LN m
N . T . ! ] MR
ERENE L ; P T S o i
T I I T LTI pu
— t * A -0 ]
H o ] - - A R
O T 1 v : I 1 T :
) T T I Al - :.\-J. o 7 A
: . ; S RN e = e R
T b __ T t " I
HNSSAE i .m, L oooe I 3 I NI Y RS
LM ! = g g oo s A N T
o , . ODBR~MMm = P L 1=
< T T+ R 1
Y T el — o
o T =
ogodad4 2] R REEE -
L TN LA m [ ,,
; = RN =
I IR 1 I I I8 LR T : T
s i : 7 : i i 1 -
1] —t T ” L ! — J,,N.me\“ —t * i IR
: O A M B S TR mESEEE RPN
H [N 1 [ ) [ [l ] - v 1 i v
H " [ N :___ 1 1 ._f, ME| 1 T T P
a5 R S MR b ey o H RN s
s ; i ” i I i I N RSN M
H . RS B I ! R [N I I | 17T [ ,W 1 .
- B G A wam W e R — | o
- ] : T T PSR A SR ; . @
; o T T . —
Seasy e T T T T T : g
7 vl s i _“, [ 1 T d
, o . F A =
. T H ; 3T T T 1 » i
W T 1 Y AL : S T i O
ST . 1
— o PR i %% IR | = &)
il PSS I I )
: T :
i
] 1 H v =
1 1] T N
| 1 A @
! T &
T - ; =1
1 o T [=T4]
. ; w a—t
= I Ean = .
-1 BRRE S Eaw N o
1z : R I
s T f 1
[ : T H T t N 7
| + T M | 1 1 T
L ] T i
: 7 . (] ! !
T : + : Iy — —— -
- : fy - I " T = i
i i ; 7 i i = ! :
T 1 - i Ly . [ [ T M
T T i t : T Ti7 ! _. i
- : - | ;
- " i : N A S N ) I I A
T T T T L I — T T -
M= ! . . e HHHE B DA N
7 { — — H + = =S
: 1 = F 5 ; i
o= “ ! ; L : b : s
Hﬁ : f T - 1 =l ! I —
; T i 13 T ' "
) i + 1~ H (] T [ T .
FH o R r - i) RN : T T Y S
[ : T H o AN 1) M e L
mEN T - T I T T i . 1 T R
T ' =T T 1 =1 SO A W ——t ——d LN
I i H T - N T :
Lt R - " ] B e E e e
nEn —H-— T “ : g T e i
T N | H L T ] | 1 1 T3 N -
EENEN = [ T T ; ” — i T 0 ._m.T
[ i - e - - : I HE
M- _w. : A, Tt _im.\" 7 o - T A _“. P _II
L= L= L=
=y o
[Sa) [= [=] o
) 1

/D 1

02

21



55

50

Ay, = 359,

45

40

35

30

a, deg

25

20

15

10

L | T
T T
i ]
| 1T
o W
]
7 |
: I I
; : i : - m
[T 7 “ I ; T
o 4 : v —
M H T N
SiSERaSSIE | ! EiE
Il i T 1
4 ,._ LM il a ..*‘. TTH
B h , i T T
W i A, _F_ , T T -
£ T =t o
H e ST a nans aEaE S R A RRSEat
I A I WO 0 I L 1o N i m—
ST P )
i o P Y PO MR L RO i ] R
T ; S . H RS R N ] i *
i A AR AT R b1 - =
R4 L L A o i~ * 1
[ 1 | I H [ ] T TT Tt T i i
_“H I ,.“__" ! T T 1 [ T 'R i)
+ — ] ! 1 I T T +
i : A " I A | - 1 o
H [ s M - t T b —
i T e g
— . ol ; H N . H —l H |
1 | - 1 : T F T
| _,;_.r.,__ » - m_ F-1 N I |
[T Ll M f T * Ty + .
: I RN i Sne BRaDE LR e RSNRaasn R S =
T ] T + — - o +
= T NG LI iy ] [ - 1 b R A
I T i =T T T = ——— + H —_—
! VSIS 1) AR I ] Y
T I T i T T ERaA ki
BRAS S N ma— J I LS N6l 0 B B I o
[ RN ] i —r ﬁm_ ,._, I 1 ,Am
SRk SRR A B RN SRAN kit pa— ah I S
] o S T 1 i M MRS
] RS Raae SEu NEAR R 3 e 1T N
P A I ML - T + i * " T —
[N A NS I A ey s o 5 O | HINE R S " - 1 -1
_ - S N
b -
PR g . — i
= o gy
— i JRRVSEU UUAHIE BN
- it bt e e [ -
IR a0 gy (i I AR 5 S S
— e s e -
- I S
-+ —1 ety R
e R RO e S i ot DI e e
+
T : B B S SR TR -—r -
— T - +—t
H 13 T 1T :
1 HE R 1 1 N
H T ! T s
: ] A 1 —
L
[N . T i Hl
T - 1T H
et T T —
T i i
s, i = = B
.m T 1 N .wul.,Jl’.,
I ] T R M S
T T i 5
S
e
H i | N I N W R N
E“ T _m [ :_‘,,I.._I PN
; : ] *
. i [ R B S I A R
it ! =
Y : W. 4 Wf_._”
. I, LI A | RS L
e Rt e s
: : H TR
A . T L A T
S e e s
. tlj,_ ! | R I IR
-
] [F=] =¥ 2]

Figure 5.- Effect of fillets on the longitudinal characteristics of the body plus wing 3.
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Figure 6.- Effect of fillet sweep angle on summary longitudinal aerodynamics.
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(a) Side view.

ing 2. a'=30°,
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(b) Bottom view.

Figure 9.- Continued.

L-73-2661



(c) Top view.

Figure 9.- Concluded.
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Figure

o

:

(a) Side view.

10.- Electron beam and oil flow using wing 2 with 65° fillet. o = 30°

L-73-2657
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(b) Bottom view.

Figure 10.- Continued.

L-73-2658



L.-74-1093

(¢) Top view.

Figure 10.- Concluded.




L-73-2655

(a) Side view.

a = 30°,

2 with 78° fillet.

ing wing

Electron beam and oil flow us

Figure 11
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L-73-2656

(b) Bottom view.

Figure 11.- Concluded.
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(a) Side view.

Figure 12.- Electron beam and oil flow using wing 2..

a = 400°,

L—'?3-259



(b) Bottom view. 1.-73-2660

Figure 12.- Continued.




1-74-1094

(¢c) Top view.

Figure 12.- Concluded.




40

L-73-2663

(a) Side view.

Figure 13.- Electron beam and oil flow using wing 2 with 65° fillet. a = 40°,



(b) Bottom view L-73-2664

Figure 13.- Continued.
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(c) Top view.

Figure 13.- Concluded.

L-74-1095
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(a) Side view.

Figure 14.- Electron beam and oil flow using wing 2 with 78°

fillet.

1-74-1096

a = 40°,



(b) Bottom view. L-74-1097

Figure 14.- Concluded.




(a) Top view.

(b) Bottom view.

(c) Side view. L-74-1098

Figure 15, - Surface oil flow using wing 2. a = B0,
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(a) Top view.

(b) Bottom view.

(c) Side view.

L.-74-1099
Figure 16.- Surface oil flow using wing 2 with 65° fillet. « = 30°.



(a) Top view.

(b) Bottom view.

(c) Side view. L-74-1100
Figure 17,- Surface oil flow using wing 2 with 789 fillet. « = 300,
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(a) Top view.

(b) Bottom view.

(c) Side view.

L-74-1101
Figure 18.- Surface oil flow using wing 2. a = 40°,
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(a) Top view.

(b) Bottom view.

(c) Side view. L-74-1102

Figure 19.- Surface oil flow using wing 2 with 65° fillet. a = 40°.
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(a) Top view.

(b) Bottom view.

(C) Side view. I 74-1103

Figure 20.- Surface oil flow using wing 2 with 78° fillet.

a = 40°,



(a) Basic wing L-74-1104

Figure 21.- Electron beam using wing 1. a = 300,




L-74-1105

(b) 70° fillet,

Figure 21.- Continued.




L-74-1106

(c) 789 fillet.

Figure 21.- Concluded.




L-74-1107

(a) Basic wing.

Figure 22.- Electron beam using wing 3. a = 30°.




L-74-1108

(b) 70° fillet.

Figure 22.- Continued.
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Figure 22

NASA-Langley, 1974






