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LOW-SPEED LONGITUDINAL AERODYNAMIC CHARACTERISTICS
OF A MODEL OF A BLUNT-NOSE HYPERSONIC LIFTING
SPACECRAFT HAVING VARIABLE-SWEEP WINGS

By Bernard Spencer, Jr.
Langley Research Center

SUMMARY

An investigation has been made at a Mach number of 0,21 and a Reynolds number
of 30.4 X 106 (based on model reference length) of a model of a low-fineness-ratio lifting -
body logistics spacecraft concept. The vehicle was designed for a hypersonic lift-drag
ratio near 1, Variable-sweep wings, which are stowed during entry and deployed at sub-
sonic speeds, were tested at half-chord sweep angles of 0°, 20°, 40°, 55°, and 90° (fully
retracted). Longitudinal control was provided by elevons located at the body base as
extensions of both the upper and lower body surfaces. Angle of attack was varied from
about -40 to 18° at 0° of sideslip.

The large nose bluntness characteristic of this vehicle created a stability problem
at the subsonic speeds of this study. Body center of pressure was far forward and
thereby highly destabilizing for the estimated vehicle center-of-gravity location. Since
the present configuration was unstable about the estimated center of gravity, the moment
reference center was moved forward for most of the investigation to 45.6 percent of the
model reference length, to provide approximately 1 percent stability to the configuration
having a wing half-chord sweep angle of 20°. This large shift in center of gravity would,
of course, have to be accompanied by large ballast weight requirements,

Locating outboard vertical tails in a low position on bodies of the present type
results in large negative pressures between the body and the tails (depending on roll-out
angle) which produce large adverse negative out-of-trim pitching moments.

The lower surface elevons are limited in control effectiveness, and excessive
upward deflection results in loss in control as well as a destabilizing effect and resultant
nonlinear pitching-moment variation with increasing angle of attack. Moderate deflec-
tions, however, when used in combination with additional longitudinal control devices in
the form of upper surface elevons, are beneficial in that a positive pitching moment
occurs without large trim-drag penalties and the resultant trimmed maximum lift-drag
ratio is improved.



INTRODUCTION

Considerable effort is being expended by the National Aeronautics and Space
Administration, the Department of Defense, and indusiry on studies relating to the devel-
opment of manned spacecraft suitable for supporting a large orbiting research laboratory,
as well as other independent missions in space. Numerous configurations of the lifting
type are at present being studied for appiication to these overall missions,

Recent studies of lifting entry vehicles (ref. 1) have also considered the inclusion
of variable-geometry features in the form of conventional wings which are stowed or
shielded during entry and deployed subsonically to improve the overall aerodynamic
behavior and performance for landing.

Since the required value of hypersonic lift-drag ratio has not yet been specified,
the Langley Research Center has recently studied a spectrum of lifting eniry vehicles
 having hypersonic lift-drag ratios from near 1 to about 3, with each vehicle incorporating
some form of variable-geometry feature. It is the purpose of this paper to present sub-
sonic aerodynamic characteristics for one such vehicle having a hypersonic lift-drag
ratio of approximately 1. This vehicle was designed by the contractor during the study
reported in reference 1. The body of this vehicle is trapezoidal in cross section and has
excessively large nose bluntness. The design incorporates a center vertical tail, out-
board vertical tails, upper surface and lower surface body-base elevons for control, and
deployable variable~-sweep wings located in a low wing position,

Tests were made in the Langley low-turbulence pressure tunnel at a Mach number
of 0.21 and a Reynolds number (based on model reference length) of 30.4 X 108, Angle
of attack varied from about -4° to 189 at 0° of sideslip. The variable-sweep wings were
tested at half-chord sweep angles of 0°, 20°, 400, 550, and 90° (fully retracted). The
effects of various elevon deflections and various model components were also studied.

SYMBOLS

Longitudinal aerodynamic characteristics are referred to the stability-axis sys-
tem. All coefficients are normalized with respect to actual vehicle length (including the
lower surface elevons) and body projected planform area (including the lower surface
elevons). The longitudinal location of the center of gravity was estimated to be at
51.5 percent of the reference length, Datfa are presented for two moment reference cen-
ters with the location given on each data figure. Vertical location of the moment refer-
ence center was taken as 1.2 percent of the reference length below the body ordinate
reierence line,
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h 7

lower surface semiwidth of body at station Xy,  (m)

upper surface semiwidth of body at station X, It (m)

body height below ordinate reference line at station Xp, £ (m)
body height above ordinate reference line at station Xp, It (m)
longitudinal coordinate of body, ft (m)

longitudinal coordinate of wing chord, ft (m)

wing-panel lower surface ordinate, ft (m)

wing-panel upper surface ordinate, ft (m)

wing chord, ft (m)

Drag

ASpef
Lift
9Sref

drag coefficient,
lift coefficient,

lift-curve slope at « =0, per degree

Pitching moment
ASreflref

pitching-moment coefficient,
longitudinal stability parameter at Cy, =0

lift-drag ratio

actual body length including lower surface elevons, ft (m)
dynamic pressure, b/ft2  (N/m2)

actual body projected planform area including lower surface
elevons, ft2 (m2)

angle of attack, deg

Cad



be. lower deflection of body-base lower surface elevons, negative with trailing
; ,

edge up, deg

ée,upper deflection of body-base upper surface elevons, negative with trailing
edge up, deg

Ae /2 wing half-chord sweep angle, deg

Subscripts:

max maximum

min minimum

o at =0

(L/D)max at (L/D)yax

Configuration component designations:

B body

Vo outboard vertical tails
Ve center vertical tail

C canopy

W wing panel

MODELS

Drawings of the model and various components are presented in figure 1, and a
photograph of the complete model with wings extended to A, /2= 20° is shown as fig-
ure 2, Table I presents body design ordinates normalized with respect to body reference
length, and table II presents wing section ordinates normalized with respect to wing chord.
(See fig. 1(a).) The body of this vehicle was trapezoidal in cross section with the ratio of
the upper width to the lower width being 0.667. The vehicle was negatively cambered,
having 33.3 percent of the body height above and 66.7 percent of the body height below the
ordinate reference line. (See fig. 1(a).) Nose bluntness was large in order to reduce the
hypersonic L/D to approximately i, this value of performance being the design value,
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Qutboard vertical tails were located near the base of the body and were flat plate
in cross section with slight inner surface boattailing at the trailing edge. (See fig. 1(b).)
Leading-edge sweep angle was 60° and roll-out angle was 20° from the vertical and 40°
from the body lateral surfaces. The outboard vertical tails were toed in, with the inner
surface parallel to the body lateral surfaces. A center-line vertical tail having leading-
edge sweep of 55° and trailing-edge sweep of 30° was also included.

The wing panels had a NACA 4412 airfoil section, a taper ratio of 0.75, and an
aspect ratio of 5.33 (based on its own exposed area and span) for a wing half-chord sweep
angle of 00, The wing was tested at half-chord sweep angles of 0°, 20°, 40°, 55°, and 90°
(fully retracted). Wing pivot location was at 38.8 percent of the overall model length
(including elevons), The wing box gaps were sealed for all sweep angles,

Elevons were located in the body-base region as extensions of both the upper and
lower surfaces of the base. The elevons were split at midspan so that the left- and right-
hand sides could be differentially deflected. The ratio of lower surface elevon spanto
maximum body lower surface span was 0.82, with a ratio of chord length to reference
length of 0.126. The ratio of upper surface elevon span to maximum body upper surface
span was 0.875, with a ratio of chord length to overall length of 0,126,

APPARATUS, TESTS, AND CORRECTIONS

Tests were made in the Langley low-turbulence pressure tunnel at a Reynolds num-
ber (based on model reference length) of 30.4 X 106 at a Mach number of 0.21. The angle
of attack was varied from about -4° to 18° at 0° of sideslip. '

The model was sting supported, and forces and moments were measured with an
internally mounted six~component strain-gage balance. The angle of attack has been
corrected for the effects of bending of the sting and balance under load. Normal blockage
and jet-boundary corrections have been made in accordance with the methods prescribed
in references 2 and 3, respectively. In all cases, the drag data represent gross drag in
that base drag is included.

RESULTS AND DISCUSSION

Basic longitudinal aerodynamic characteristics of the vehicle are presented in fig-
ures 3 to 7. Figure 3 presents the effects of various configuration components in combi-
nation. Figures 4 and 5 present longitudinal control characteristics associated with
deflections of upper and lower elevons. Figures 6 and 7 present the effects of wing
deployment for the complete configuration, and figure 8 presents a summary of various
pertinent longifudinal aerodynamic parameters,



The addition of the outboard vertical fails fo the body resulted in a large increase
in lift-curve slope and CL09 with a resultant increase in negative Cy at Cy = 0.
(See fig, 3.) The negative C, is believed to result from large negative pressures which
act between the body lateral surfaces and the tails and thereby increase local lift at a
given angle of attack, which then results in large nose-down or out-of -trim pitching
moment. (See fig. 3.) The addition of the wings in a 20° half-chord sweep position fur-
ther increases lift-curve slope and also increases negative Cy, at Cyp, = 0. This
increase in negative Cy, is typical of low wing configurations. Resultant untrimmed
(L/D)ax is about 5.3 for the complete configuration with elevons at 00 setting; this
maximum occurred at Cp, = 0.65 and « = 8°,

The vehicle is unstable about the estimated center of gravity at 51.5 percent of the
reference length because of the destabilizing effect of the body. The measured center of
pressure of this highly blunted body is at approximately 39 percent of the reference
length and is comparable to that obtained on a blunt-nosed, low-power-law (exponent
of 0.25) body of elliptical cross section. (See ref, 4.) These results indicate that the
use of excessive nose bluntness to reduce hypersonic L/D presents a balance problem
at subsonic speeds. This comes from the body center of pressure being far forward and
highly destabilizing. Because of this instability, the present configuration would have
little application to space-shuttle design, since realistic centers of gravity for space-
shuttle concepts generally are far aft.

Since the present configuration was unstable about the estimated center of gravity,
the moment reference point was moved forward for the remainder of the investigation to
45.6 percent of the reference length, to provide approximately 1 percent stability to the
configuration having A, /2= 200, This large shift in center of gravity would, of course,
have to be accompanied by large ballast weight requirements.

Deflection of the lower surface elevons up to -20° provided positive increments in
Cy for the complete configuration with Mg s = 20°, (See fig. 4.) For be, lower = -30°,
however, loss in control occurred as a result of separated flow cver the elevons, with
accompanying losses in stability. 1In addition, a somewhat nonlinear variation of Cyy
with Cj, occurs for the higher elevon settings required for trim near and above
(L/D)max and up to the region of wing stall at Cy, = 0.75. These results indicate that
the lower surface elevons are limited in control effectiveness, a serious problem if
excessive deflections are required for trim, Moederate deflections, however, when used
in combination with additional controls, may be beneficial in that positive Cy, is
obtained with somewhat less trim-drag penalty,

For the complete configuration having AC/Z = 20° , use of the upper surface ele-
vons alone results in a more linear variation of C,, due to elevon deflection and no
instabilities at the higher Cy and %9 upper ranges up to the point of wing stall. (See
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fig. 5.) By employing only be ypper for this configuration, a trimmed (L/D)yax of
about 4.5 was obtained at Cy = 0.656 and o = 10.4°, Deflection of the upper surface
elevons in combination with the lower surface elevons set at -30° provided additional
positive increments in  Cp, even though the instabilities noted for 6 jower are still
prevalent. The lower surface elevon settings selected were excessive, however, as has
been previously indicated, and control reversal as well as loss in stability negates the
results shown, primarily since maximum trimmed L/D occurs close to the point of
vehicle pitch-up.

Deployment of the wings from fully retracted (AC /2= 900) to a 20° sweep position
with lower surface elevons at -10° and upper surface elevons at -10° or -20° resulted in
significant increases in Cg,, CLO, and (L/D),,,x (figs. 6, 7, and 8) with only small
increases in Cp yjn. Unsweeping the wings from 20° to 0°, however, provided only ,
small additional increases in both Cj, o and (L /D)max but resulted in an unstable con-
figuration even for the moment reference point of 45.6 percent of the reference iength.
(See fig. 8.)

Figure 8 presents the effects of wing sweep and various combinations of elevon
settings on the pitching moment at (L/D), a5 (i.e., out-of-trim moment) along with
other additional longitudinal aerodynamic parameters of interest,

For the wings-retracted configuration (Ac /2= 900), the vehicle is trimmed and
stable at a (L/D)yax of about 2.48 (note dash curve at Acjo = 900). Deployment of
the wings from Ac /9 = 90° to about 40° results in out-of-trim moment at (L/D)mzix
due to the increased stability {6C,, / BCL) associated with wing sweep. Higher elevon
settings than those shown are required for trim, therefore, in this region. For the set-
tings shown, the vehicle is trimmable for A, /2. below 40°; however, the vehicle becomes
unstable for A /9 below about 20°,

A comparison of trimmed (L/D); 45 at Ag /o = 20° indicates that for

ée,upper = -20° in combination with & = 00, the vehicle is trimmed at

e, lower
(L/D) a5 ©f about 4.5. For Se, upper = -10° in combination with be, lower = ~109,
an increase in (L/D)max to about 5.2 is realized. The indication is that higher
trimmed L/D can be obtained by moderate settings of lower surface elevons (well
below the point of loss in control noted in fig. 4) in combination with deflectable upper

surface elevons at subsonic speeds.
CONCLUDING REMARKS
An investigation has been made at a Mach number of 0.21 and Reynolds number

of 30.4 x 108 (based on model reference length) of a model of a low-fineness-ratio
variable-geometry lifting-body spacecraft concept. The vehicle was designed for a



hypersonic lift-drag near 1. Variable-sweep wings, which are stowed during entry

and deployed at subsonic speeds, were tested at half-chord sweep angles of 0°, 20°, 40°,
559, and 900 (fully retracted). Longitudinal control was provided by elevons located at
the body base on both the upper and lower surfaces. Angle of attack was varied from
about -4° to 18° at 0° of sideslip.

The following observations are based on the results of this investigation:

The large nose bluntness characteristic of this vehicle created a stability problem
at the subsonic speeds of this study. Body center of pressure was far forward and
thereby highly destabilizing for the estimated vehicle center-of-gravity location. Since
the present configuration was unstable about the estimated center of gravity, the moment
reference center was moved forward for most of the investigation to 45.6 percent of the
model reference length, to provide approximately 1 percent stability to the configuration
having a wing half-chord sweep angle of 20°, This large shift in center of gravity would,
of course, have to be accompanied by large ballast weight requirements.

Locating outboard vertical tails in a low position on bodies of the present type
results in large negative pressures between the body and the tails (depending on roll-out
angle) which produce large adverse negative out-of-trim pitching moments.

The lower surface elevons are limited in control effectiveness, and excessive
upward deflection results in loss in control as well as a destabilizing effect and resultant
nonlinear pitching-moment variation with increasing angle of attack. Moderate deflec-
tions, however, when used in combination with additional longitudinal control devices in
the form of upper surface elevons, are beneficial in that a positive pitching moment
occurs without large trim-drag penalties and the resultant trimmed maximum lift-drag
ratio is improved.

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., November 9, 1970.
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TABLE I.- BODY ORDINATES (EXCLUDING CANOPY)

Xp/lret au/lref a{/lref hu/Zref hy[lret
0 0 0 0 0
.02 017 .010 .008 011
.04 .029 017 014 .019
07 044 .026 .020 029
.10 .060 .036 .028 .039
.20 .096 .058 .045 .064
.30 .128 076 .060 .085
.40 .146 .093 073 .103
.50 .180 .108 .085 .120
.60 .201 .120 .095 .134
.10 .220 .132 .104 147
.80 .236 .141 11 .158
.90 247 .148 116 .165
1.00 .254 .152 .119 .169




TABLE II. - WING SECTION ORDINATES

[NACA 44 12)]

Xy/C Yu/c vi/¢

0 0 0
.0125 .0244 .0143
.025 .0339 0195
.050 .0473 .0249
075 .05676 0274
.100 .0659 .0286
.150 .01789 .0288
.200 .0880 0274
.300 .0976 .0226
.400 .0980 .0180
.500 L0919 .0140
.600 .0814 .0100
700 .0669 .0065
.800 .0489 .0039
.900 0271 .0022
.950 0147 .0016
1.000 .0013 .0013
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Figure 3.- Concluded.

17



002 = e/ ‘00 = zaddn ‘e,
(39d79¢H°0  “UO1YEI0T SOUSIDISI JUSWON] °UOIBINSIFUOD 9)01durod o) JOJ SUOASIS 908]
=JNS I8MO] JO SUOIIIBISP UIIA PBJBIDOSSE SO1ISTISIOBIRYD [OJIJUOD TeUIpniiBuo - f 2andry

7 bop'o
6 &g s 9 g 4 £ 4 / 0 cl/ & b4 o
0 - e oo T = - - e e
i
e -/
r; ‘%\rﬂa i = T
T
e 4 “.
e -
P,
P s
& : g
EEEEEREEEEREEEPEREEEp e senEEmase ey

Ze S el e 7
- os- o v
oc- 0 o

or- 0 o .

0 9] o) -4

bap’ 1940/ \m% E) hCons\m%
]

18



fgagpp@f;dégé?" Be, lower ,0€G
O o o
0 o -10
& 9 - 20
A o -30
8

&
a,deg

.8 -4 ) 4

Figure 4.- Continued.



0
-10
-20

5 i S N e
e, lower , 989

Figure 4.- Concluded

20



0% = 8/°y 39960 ‘UOIYEIO] SOUSISFOI JUSWONY “UOTI
-BINSIJU0D 933TdW0D 9Y} JOF SUOAD[S S0BJINS JOMO] UM UOIJBUIQUIOD UI PUR SUOTR SUOAS[D
sorrans Joddn JO SUOIIOSIOP YILM POJEIDOSSE SO1ISTIS}OBIBYD [0IJUOD [BUIPNIISUOT -°¢ 2anS1

72 bop‘s
6 g Z 9 (o b4 £ 4
0
B0 el Sl
80 | i E i
A UV“\ -t
i SN A A S
- PN H 5}
/ g it
9 e
vz EEE
gk
gEE - oge- oz- <L
os- o/- v
o oz - <
o o/- o
S . o 0 o
: %&Q\.\miﬁ\ \m% %%b ‘c19ddn ..%%

21



é\e,u,opw ,aeg 3@,/0%/3/’;0'5’9

e} 0 o
| -10 o
& -20 17
A -i0 -30
N

-30

-8 -4 o 4 g 2 /6 20
a,deg

Figure 5.- Continued.



ae’ypper, 0’@9 6\8,/0W€f; de?
0 o ‘

-10 o
20 o

Tr>000

B -10 -30
] SRR & -20 -30
-2 - & L i ; : ;’ :
- I T* 1
E B
- $ i FRSME
! i
] 7 T
: /
061 s !

Figure 5.~ Concluded.

A
Lan



_ Jamot‘e

0 3®Tigep°0  ‘uorIROO] 9oUSISIOI JUSWOH “UOTIRINSIFUOD

9797dUIos JO SOTISIISI0BIBYD OTWRUAPOISE TRUIPNIISUOT uo juswAordap Suim JO 309339 -°9 oIn31g

ot

bap ‘o

0
oc

\bm\um\\m\\Qm
Q%h L% ,Uv\.

24



20

@, deg
Sontinued,

- C

T Y T 2R a5aa] neue gaasy enaany e SRhn e PR Sty Ry Pt e S Ss Vimars lovans s s
! ! feitEeaise s O s e
¥ PR 2 B TR s Aoty BYSbAS Sayd Ut & Mt poaq pas o e e
i ECEET ot i1 3 g
¥ 1" ¥ ey T b Sl Easibe ¥ Syt Baigas Rt ipd i
t HHET N 1 B e e R
EaNe 7] e s
St NS ENPEAaREe SAEREEAYS SuReSaRANE Jaay i
: bt o fase i s
T peay ravns T 5588
HEaT 0% | Csontinbet meat o
T t
xada] B ey i deedensaniong e e
;
e A S ARD e IAE A ERSSTARRY: 2, B
T For Y i PRSAM venunnNeud fiuell el sunun mutety o 0 — g
+ +7 ans
jEass pusay sumee oy
T el i 2
it i
s F R Y berRAE i L o e
e e e ; 2
msenetag T s
fNasass ? e fodam ot deved
Y, e ey
Fi Sy
i T 2
i H feay R frs
- L Ry SRRl e
¢ e e TR
{ F gy e Ry
it
it i) i
. Sitesataas Sass peNes D ey it s
18 YAinRunguns £ -
T 7
i st
Eiizress P p
T T :
£ e
a5 ; BaSRant e d R
e f
T I el

gure 8,

i

i
£

bas




Ayp , g

O SOrrefracted)

- Concluded,

3

Figure 6

26



= 13ddn‘ey  FBIjgcren  ‘U013ROO] 2OULISIRT JUSTION “UOTIBINSIFUOD

4
QQQﬁi - ;H@%O.m @@ MOQNI
-}, 9InILy

9197dUI0D JO SO1ISTL9]0BIBYD JTWRBUAPOISE TRUIPN}LZUO] uo juswiordsp Juls JO SI08IT

Hap ‘o

(O ERO R

(P31o0413.4) 06
bap* 2/

a7



28

6
4
D 2
0
— 2 H
Aeso s g
O 9O0(retracted)
o 5
O 40
A 20
N O
.06
A
.04
. 02 Qg ! ;Eh A0
Cm : ; i in
Ot =
—.02 i
—.04 F : :
-8 —q 4 8 /2
@, aeg

Figure 7.~ Continued.




Aeyso ,deg

O G0(retracted)
0o 55
<40
A 20
. b o
&
4 : s
T ﬂ]
2
o=
_2 8
06 |
.04
st
02 e S OB
04
-.02
— 04 ‘ : ; i BB SR
— 2 —./ 0 o 2 3 4 5 &6 7 &

q

Figure 7.~ Concluded,
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Figure 8.~ Summary of various longitudinal aerodynamic parameters
as affected by wing sweep and elevon deflection. Moment refer-
ence location, 0.456%, 4.
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