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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 
rat io  near 1. Variable-sweep wings, which are stowed during entry and deployed at sub- 
sonic speeds, were tested at half-chord sweep angles of Oo, 20°, 40°, 55O, 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 f rom 
about -4' to 1 8 O  at 0' of sideslip. 

The large nose bluntness characterist ic 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 
resul ts  in large negative pressures  between the body and the tails (depending on roll-out 
angle) which produce large adverse negative out-of -tr im 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 
oeeulrs without large tr irn- r ag  penalties an tant tr immed m 
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type are at present being studied for application to  these overall missions. 

ecent studies of l i~ t ing  entry vehicles (ref. ) 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 aerodynam~c 
behavior and periormance for landing. 

ince the required value of hypersonic lift-drag ratio has not yet w e n  specified, 
r has recently stuciie a spectrum of lifting entry vehicles 
ratios f rom near 1 to about 3, with each vehicle i nc~rpora t ing  having hypers 

some form of variable-geometry feature. Et is the purpose of this paper to present sub- 
sonic aerodynamic characterist ics for one such vehicle having a hypersonic lift - 
ra t io  of approximately I. his vehicle was esigned by the contractor during th 
reported in reference I. e body of this vehicle is trapezoidal in c ross  section and has 
excessively large nose bluntness. 
board vertical  tails, upper surface and lower surface body-base elevons for contro1, an 
~ e p l o y a b ~ ~  v a ~ i a b l ~ - s w ~ e p  wings located in a low wing position. 

he design incorporates a center vertical  tail, out- 

e s t s  were made in the 
Of 

of attack varied from about -4O to I. 

effects of various elevon 

angley l ~ w - t u r ~ u ~ e n c ~  pressure tunnel 
eynoPds number (based on model reference length) of 38. 

at 0' of sideslip. 'The variable-sweep wings were 
sweep angles of 0' 5O, and goo (fully re t rac te  

ious model c o ~ ~ o ~ ~ e n t s  wer 



body height above ordinate reference line at station xb2 ft 

longitudinal coordinate of body, ft (m) 

longitudinal coordinate of wing chord, f t  (m) 

wing-panel lower surface ordinate, f t  (m) 

wing-panel upper surface ordinate, ft (in) 

wing chord, ft (m) 

Brag drag coefficient, - 

lift coefficient, - Lift 
q Sr ef 

9Sref 

lift-curve slope at a = 0, per  degree 

itching moment pitching-moment coefficient, 
~ % d r e f  

8 C m / 8 C ~  longitudinal stability parameter at CL = 0 

lift-drag rat io  

bef actual body length including lower surface elevons, f t  (m) 

dynamic pressure,  lb/ft 

ref planform a rea  inclu ing lower surface 

a! 
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Ac/2 wing half -chord sweep angle, deg 

Subscripts : 

max maximum 

min minimum 

0 at a=O 

( L b ) m a x  at (L/D)m, 

Configuration component designations: 

B body 

VO outboard vertical  tails 

V C  center vertical  tail 

C canopy 

W wing panel 

MODELS 

Drawings of the model and various components a r e  presented in figure 1, and a 
photograph of the complete model with wings extended to Ac,2 = 20' is shown as fig- 
ure  2. Table I presents  body design ordinates normalized with respect to  body reference 
length, and table 11 presents wing section ordinates normalized with respect to wing chord. 
(See fig. l(a).) The body of this vehicle was trapezoidal in cross section with the ratio of 
the upper width to the lower width being 0.66 he vehicle was negatively cambered, 



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 a r e a  and span) for a wing half-chord sweep 
angle of Oo. The wing was tested at half-chord sweep angles of Oo, 20°, 40°, 55O, 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 span to  
maximum body lower surface span was 0.82, with a ratio of chord length to reference 
length of 0.126. The rat io  of upper surface elevon span to maximum body upper surface 
span w a s  0.875, with a rat io  of chord length to overall length of 0.126. 

APPARATUS, TESTS, AND CORRECTIONS 

Tes ts  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 characterist ics of the vehicle a r e  presented in fig- 
igure 3 presents the effects of various configuration components in combi- 
s 4 and 5 present longitudinal control characterist ics associated with 

s 6 and 7 present the effects of wing 
ion, and figure presents a summary of various 



The vehicle is unstable about the estimated center of gravity at 51.5 percent of the 
seference 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 c ros s  section. (See ref. 4.) These resul ts  indicate that the 
use of excessive nose bluntness to reduce hypersonic L/D presents a balance problem 
at subsonic speeds. is comes from the body center of pressure  being f a r  forward and 
highly de stabilizing. cause of this  instability, the present confitgration 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 

iguration having Rc/2 = Oo. 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 
for the complete configuration with A,/ = 20'. (See fig. 4.) For tie, lower = -30°, 

however, loss in control occurred as a result of separated flow over the elevons, with 
accompanying losses  in stability. n addition, a somewhat nonlinear variation of Cm 

occurs for the higher el von settings required for  t r im  near and above 

surface elevons are limited in control effectiveness, a ser ious problem if 
to the region of wing stall at hese results indicate that 

excessive deflections are required for  tr im. 
in combina t io~  with additional controls, may be beneficial in that positive 
o ~ ~ a ~ ~ ~ ~  with somewhat less t ~ i ~ - ~ ~ ~ ~  penalty, 

derate deflections, however, when used 
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h the instabiliti€s noted for 6,? lower are st 
prevzilent. The lowzr surface elevon settings selected were excessive, hcwever, as has 
been previously indicated, and control reversa l  as well as lo s s  in stability negztes the 
resu l t s  shown, primarily since maximum tr immed L /D occurs  close to the point of 
vehicle pitch-up. 

Deployment of the wings f rom fully re t racted (Ac/2 = 90°) to  a 20° sweep position 

CL,, and (L/D),, (figs. 6, 7, and 8) with only small  
with lower surface elevons at -10' and upper surface elevons at -10' o r  -20° resulted in  
significant increases  in C L ~ ,  
increases  in C D , ~ ~ ~ .  Unsweeping the wings from 20° to Oo, however, provided only 
small  additional increases  in both C L ~  and (L/D),, but resulted in  an unstable con- 
figuration even for  the moment reference point of 45.6 percent of the reference length. 
(See fig. 8.) 

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

For the wings-retracted configuration (Ac/2 = goo), the vehicle is trimmed and 
stable at a (L/D),= of about 2.48 (note dash curve at A 4 2  = 90'). Deployment of 
the wings from Ac/2 = 90' to  about 40' results in out-of-trim moment at (L/D),, 
due to  the increased stability 8Cm ~ C L  associated with wing sweep. Higher elevon 
settings than those shown are required for  t r im,  therefore, in this  region. For the set- 
t ings shown, the vehicle is trimmable for Ac/2 below 40'; however, the vehicle becomes 
unstable for  Ac/2 below about 20'. 

( 1 )  

A comparison of tr immed (L/D),, at Ac/2 = 20' indicates that for 
Ge,upper = -20' in combination with 6,, lower = Oo, the vehicle is t r immed at 
(L/D)m, of about 4.5. 
an  increase in  (L/D),, to about 5.2 is realized. The indication is that higher 
t r immed 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, 

For Ge, upper = -10' in  combination with 6,, lower = -loo, 

CONCLUDING REMARKS 

n investigation has been made at a Mach number of 0,%1 and 
106 (based on model reference length) of a model of a l o w - f i ~ € n e ~ ~ - r a ~ i o  



ich are stowed 

he following observations are based on the resul ts  of this investigation: 

he large nose bluntness characterist ic 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'. 
of course, have to be accompanied by large ballast weight requirements. 

This large shift in center of gravity would, 

Locating outboard vertical tails in a low position on bodies of the present type 
resul ts  in  large negative pressures  between the body and the tails (depending on roll-out 
angle) which produce la rge  adverse negative out-of -tr im pitching moments, 

The lower surface elevons are limited in control effectiveness, and excessive 
upward deflection resu l t s  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 t r im-drag penalties and the resultant tr immed maximum lift-drag 
ratio is improved. 

Langley Research Center, 
National Aeronautics and Space ministration, 

ovember 9, 1970. 
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TABLE I.- BODY ORDINATES (E CLUDING CANOPY) 

X b i  lr ef 
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.02 

.04 

.07 

.10 

.20 
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.40 

.50 

.60 
-70 
.80 
.90 

1.00 

au / lr ef 
0 

.017 
,029 
.044 
.060 
,096 
.I28 
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,180 
.201 
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,236 
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all 1, ef 
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0 15 
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Figure 3. - Concluded. 
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Figure 4, - Concluded. 
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Figure 5. - Continued. 
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