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STATIC LONGITUDINAL AERODYNAMIC CHARACTERISTICS 

OF SOME SUPERSONIC DECELERATOR MODELS AT 

MACH NUMBERS OF 2.30 AND 4.63 

By Edwin E. Davenport 
Langley Research Center 

SUMMARY 

An experimental investigation of spherically blunted 120' cones, tension shell 
models, and a model representative of an attached inflatable decelerator (AID) has  been 
conducted by the National Aeronautics and Space Administration a t  Mach numbers of 2.30 
and 4.63 through an angle-of-attack range from about -5' to about 20°. 

The resul ts  showed a reduction in axial force with an increase in shoulder radius 
for  the cone models. 
standoff distance and bow-wave shape w a s  obtained for the 120° cone models at  Mach 4.63. 
The tension shell models produced a higher level of axial-force coefficients than did the 
cone models. 
twice the axial-force coefficient of the cone models. 

Good agreement between theoretical and experimental values of 

After inflation the attached inflatable decelerator model produced about 

INTRODUCTION 

The planetary entry programs currently being considered by the National 
Aeronautics and Space Administration involve the development of a vehicle capable of 
entering a low-density atmosphere, such as that of Mars, and eventually of landing a 
scientific payload (refs. 1 and 2). Preliminary studies show that an atmospheric-entry 
configuration with a low ballistic coefficient can utilize aerodynamic deceleration pr ior  
to actuation of terminal deceleration devices, such as parachutes o r  retrorockets,  with 
an appreciable saving in system weight. In addition to the high-drag characterist ic,  the 
atmospheric-entry configuration must have inherent aerodynamic stability and should be 
relatively light in weight. 

Two configuration concepts being considered for  possible entry vehicles a r e  the 
blunted cone and the tension shell. 
of conical models have been reported in references 3 and 4. 
tion is designed to minimize weight by the maximum use of structural  materials in ten- 
sion as reported in reference 3. The tension shell configuration has been the subject of 

Some static aerodynamic characterist ics of a se r i e s  
The tension shell configura- 



st ructural  studies such as ,those of reference 5 and of some static aerodynamic tests such 
as those of references 3 and 6. In addition to these two basic configuration concepts, 
fur ther  consideration of the cone application has led to development of an attached inflat- 
able decelerator (AID) configuration wherein the payload is contained in a rigid conical 
nose section with an attached inflatable afterbody which is deployed after initial decelera- 
tion by the rigid conical nose. The resul ts  of drop tests of a large-scale inflated con- 
figuration and the resul ts  of wind-tunnel tests of scaled inflated AID models a r e  included 
in reference 7 .  

A full-scale flight version of either the cone configuration o r  the tension shell con- 
figuration would require a finite base shoulder radius to accommodate structural  mem- 
be r s  and to facilitate fabrication. 
nose bluntness to minimize heating effects and to accommodate ablation surfaces neces- 
sa ry  for  an atmospheric entry. 

In addition, both configurations would require some 

Wind-tunnel tests,  therefore, have been made to determine some of the effects on 
the static longitudinal aerodynamic characterist ics of varying the base shoulder for a 
120° cone configuration and of varying the nose radius for  a tension shell configuration 
having a constant shoulder radius. In addition, the static longitudinal aerodynamic char- 
acterist ics were determined for  a configuration having a 1200 cone forebody and a simu- 
lated attached inflatable decelerator (AID) afterbody. 
of these tes ts  which were made in the Langley Unitary Plan wind tunnel at Mach numbers 
of 2.30 and 4.63 through an angle-of-attack range from about -5' to about 20°. 

Presented herein are the resul ts  

SYMBOLS 

Measurements for this investigation a r e  given in the International System of Units 
Equivalent values in U.S. Customary Units are presented within parentheses. (SI). 

Details concerning the use of SI and the physical constants and conversion factors are 
given in reference 8. 

The aerodynamic coefficients are referred to the body system of axes shown in the 
following sketch which indicates the positive direction of forces  and moments: 

2 



The body-axis system fo r  each model originates a t  the center-of-moment position shown 
in figure 1. 

shape parameter  for  tension shell configurations as defined in reference 5 

axial-f or  ce  coefficient, 

pitching-moment coefficient, Pitching moment 

normal-force coefficient, Normal force 

maximum model diameter, 20.32 centimeters (8.00 in.) 

f ree-s t ream Mach number 

f ree  - s t ream dynamic pres  su r  e , new tons/ meter 

Reynolds number 

base radius 

Axial force 
q s  

qSd 

q s  

(lb/f t2) 

nose radius 

shoulder radius 

vd2 model base area,  - 
4 

longitudinal and radial  coordinates 

angle of attack, degrees 

APPARATUS 

Models 

Details of the models are given in figure 1, and photographs of the models are pre- 
sented as figure 2. All the models were machined f rom 2024-T4 aluminum alloy and had 
the same base diameter. The surfaces exposed to the a i r s t ream were polished and aero- 
dynamically smooth. 
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As can be seen in figure 2(a), the spherically blunted 120' cone models were  fitted 
with split interchangeable aftersections to provide shoulder-to-base radius ra t ios  rs/Q 
of 0, 0.025 (not shown), 0.05, 0.10, 0.20, 0.30, and 0.40. A nose radius of 0.20rb was 
provided for  the first four aftersections and the aftersection having rs / rb  = 0.40. A 
nose section with rn/rb = 0.25 was provided for  the aftersections having shoulder radii  
of 0.20rb, 0.30rb, and 0.40rb. 

The coordinates for  the tension shell models are given in figure 1 and this shape 
represents  the basic contour defined by A2 = 0.833. The mathematical derivation of the 
parameter  A2 is given in detail in  reference 5, where it is shown to be a function of 
the Newtonian pressure  distribution, the dynamic pressure,  and the tension stress. An 
increase in the parameter  A2 resul ts  in an increase in body length and a reduction in 
surface cavity on the cusped or  flared portion of the model. Three  tension shell con- 
figurations having 'n/l'b = 0.20, 0.30, and 0.40 and constant shoulder radius were used 
(fig. 2(b)). 

The coordinates for  the AID model are also given in figure 1, and a discussion of 
the theoretical shape determination is presented in reference 7. The AID model of the 
present investigation (fig. 2(c)) had design proportions s imilar  to those of one of the 
earlier models discussed in reference 7 but did not incorporate the base cavity o r  a 
burble fence in its design. 

Wind Tunnel 

The models were mounted on a sting-supported internal-strain-gage balance in tes t  
section number 2 of the Langley Unitary Plan wind tunnel. 
variable-pressure,  return-flow type and has a tes t  section about 1.2 meters  square 
(4 feet) and about 2.1 meters  long (7 feet). The nozzle leading to the test  section is of 
the asymmetric sliding-block type and can be used to vary the Mach number f rom about 
2.30 to 4.63. 

The wind tunnel is of the 

Further details of the wind tunnel may be found in reference 9. 

TESTS AND ACCURACY 

The models were tested at  Mach numbers of 2.30 and 4.63 through an angle-of- 
attack range from about -5O to about 20° at zero  sideslip. At Mach 2.30, the Reynolds 
number was 0.73 X 106 with q = 11 826 N/m2 (247 psf); at  Mach 4.63, the Reynolds num- 
ber  was 0.73 X lo6 with q = 6032 N/m2 (126 psf) 
(350 psf). 
models. The AID model was not tested a t  the higher Reynolds number for Mach 4.63. 
Stagnation temperature was held a t  3390 K (150O F) for  the tests at M = 2.30 and at 
3530 K (1750 F) for  the tes t s  at M = 4.63. Stagnation dewpoint was maintained at about 
239O K (-30° F) to avoid any significant condensation effects in the tes t  section. 

and 2.01 X lo6 with q = 16 758 N/m2 
These tes t  conditions were maintained for both the 120' cones and tension shell 
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The 120° cone model with a nose-to-base radius ra t io  rn / rb  of 0.20 was tested 
The 120' cone model with aftersections having rs/rb = 0, 0.025, 0.50, 0.10, and 0.40. 

with rn/rb = 0.25 was tested with aftersections having rs/rb = 0.20, 0.30, and 0.40. 
The tension shell models tested had rn/rb = 0.20, 0.30, and 0.40. No artificial rough- 
ness  was used, and the model surfaces  exposed to the a i r s t ream were  aerodynamically 
smooth. 

The angles of attack, corrected fo r  tunnel flow angularity and sting deflection under 
aerodynamic load, are estimated to be accurate within *O. l ,  and the free-s t ream Mach 
numbers of 2.30 and 4.63 are estimated to be accurate within zt0.02 and zt0.05, respec- 
tively. The values of CA presented are gross values which have not been corrected 
for  base pressures .  On the basis of wind-tunnel calibrations and of 0.5 percent of the 
design loads of the strain-gage-balance components, the probable e r r o r s  in the mea- 
sured data are estimated to be as follows: 

M = 2.30 
R = 0.73 X lo6 

M = 4.63 
R = 0.73 X lo6 R = 2.01 X lo6 

CA . . . . . . . . . . . . . . . . . .  *0.02 +0.03 *0.01 
CN . . . . . . . . . . . . . . . . . .  *0.02 +0.03 zto.01 
Cm . . . . . . . . . . . . . . . . . .  k0.006 zto.01 +0.004 

RESULTS AND DISCUSSION 

120' Cone Configuration 

The primary purpose of testing the 120' cone models was to determine the effects 
of varying shoulder radius on the static aerodynamic characterist ics with special empha- 
sis on the relative efficiency of the decelerator.  
coefficient CA remained essentially constant with increase in angle of attack up to about 
50 for all cone configurations for  both tes t  Mach numbers of 2.30 and 4.63 (fig. 3). The 
axial-force coefficient decreased throughout the angle-of-attack range with increase in 
rs/rb for  all values of shoulder radii. CA at a = Oo 
decreased linearly with increase in rs/rb as shown in the summary plot of figure 4. 
The effects of changes in Reynolds number were small  but noticeable and changes in Mach 
number were minor. 
gible as predicted in reference 10. 

The resul ts  show that the axial-force 

At constant values of rn / rb ,  

The effects of an increase in rn/rb from 0.20 to 0.25 were negli- 

The models were statically stable about the t r im angle of attack ( a  = Oo) for  all 
test conditions (fig. 3). Generally the variation of pitching-moment coefficient Cm with 
CY was relatively insensitive to changes in rs/rb. However, the normal-force coeffi- 
cient CN at values of CY greater  than 5O and of rs/rb greater  than 0.10 increased 
appreciably as rs / rb  increased. The center of moments for  all models was chosen 
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to  correspond to the base shrface of the sharp-shoulder cone to give a common refer- 
ence for  all models. 

Typical schlieren photographs of the 120° cone models at a! = Oo are presented 
as figure 5. In figure 6 an interesting comparison is presented between the experimen- 
tally determined bow-wave shapes and shock standoff distance mechanically transposed 
from enlargements of the photographs of figure 5 for  M = 4.63 and the approximate 
numerical resul ts  f rom a computer p o g r a m  which employs the one-strip Belotserkovskii 
integral method. 
reference 10, which treated blunt bodies with sharp sonic corners  rs r b  = 0 . When the 
sonic point occurs  at  a sharp  corner,  the velocity gradient is infinite there; such singular 
behavior was accounted for  in the method of reference 10. 
rs/q, # 0, the transition of the surface velocity through sonic speed occurs on the rounded 
shoulder, and the velocity gradient at the sonic point is finite (although steep when rs/rb 
is small). The program was modified appropriately to t rea t  the "smooth" sonic point 
condition, and the procedure is s imilar  to those described in references 11 and 12. The 
accuracy of the one-strip approximation deteriorates with decreasing Mach number, and 
M = 2.30 was given in reference 10 as the lower limit of applicability for a flat-faced 
cylinder with rs/'b = 0. For  the blunt cone with rounded shoulder, the quality of the 
one-strip solution is poor o r  meaningless at M = 2.30, especially in the shoulder region 
beyond the junction curvature discontinuity. As can be seen in figure 6 for M = 4.63 
and rs / rb  = 0 to 0.20, the agreement is good. For  the shapes studied herein there  was 
little variation in shock standoff distance with change in shoulder radius. 
the shock standoff distance is found to vary almost linearly with rs/rb for  a flat-faced 
cylinder (ref. 13). 

This program is an unpublished modification of the one described in 

( 1  ) 
In the present studies, when 

Conversely, 

Tension Shell Configuration 

The tension shell models produced a fairly constant level of CA over an CY range 
from about - 5 O  to 5 O  for  all tes t  conditions as can be seen in figure 7. 
with rn/rb = 0.30 generally had higher values of CA than the other two models, but 
values for  all models agreed within approximately 3 percent. 

The configuration 

The axial-force coefficients at CY =: 0' as a function of rn/rb for  all three ten- 
sion shell models a r e  summarized in figure 8. 
effect of both Mach number and Reynolds number on the drag of the tension shell models. 
A comparison of figure 8 with figure 4 shows that the tension shell models clearly pro- 
duced higher drag values at  a, = Oo than did the 120° cone models. 

configurations were statically stable about the t r im angle of attack (Q = Oo) at Mach 2.30 
but were marginally stable at Mach 4.63. (See fig. 7.) Variations in Cm and CN due 

The data  show a small  but noticeable 

The slopes of the curves of Cm as a function of Q show that the tension shell 
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to change in nose radius were slight except at the lower Reynolds number of 0.73 x 106 
at M = 4.63 for  (Y greater  than.100 (fig. 703)). Typical schlieren photographs of the 
tension shell models at (Y = Oo are presented as figure 9. 

Attached Inflatable Decelerator Configuration 

The static longitudinal aerodynamic characterist ics of a model representative of an 
attached inflatable decelerator (AID) are presented in figure 10. 
ously, this model had design proportions s imilar  to those of one of the earlier flight con- 
figurations described in reference 7 but did not incorporate the base cavity o r  burble 
fence.) The AID model also produced a fairly constant level of CA for  angles of attack 
from about -4O to 5O. 

CA but had little o r  no effect on C, o r  CN. Both normal-force- and pitching- 
moment-coefficient curves a r e  l inear throughout the angle-of-attack range, and the nega- 
tive slope of the pitching-moment-coefficient curve indicated positive static stability 
about the t r im angle of attack. 

(As mentioned previ- 

An increase in Mach number produced a reduction in the level of 

In figure 11 the advantage that can be gained by using the attached inflatable decel- 
erator  is illustrated. 
a r e  based upon what would be the base a rea  of the hard-shell nose portion pr ior  to infla- 
tion of the afterbody (as indicated by the hatched area).  Values of CA at the bottom of 
the figure are for a sharp-shoulder 120° cone. The values of CA at (Y = 0' for the 
AID a r e  more than double the corresponding values for  the solid 120° cone. The much 
smaller  hard-shell nose portion of the AID could possibly eliminate the need for  hammer- 
heading in a packaged missile o r  space-vehicle assembly. 

The axial-force-coefficient values shown at the top of the figure 

CONCLUSIONS 

An experimental investigation of the static longitudinal aerodynamic characterist ics 
of spherically blunted 120° cones with varied shoulder radii, tension shell models with 
varied nose radii, and a model representative of an attached inflatable deceleration (AID) 
was made at Mach numbers of 2.30 and 4.63 for an angle-of-attack range from about - 5 O  

to about 20°. The following conclusions a r e  indicated: 

(1) The 120' cone models exhibited a reduction in axial force with an increase in 
shoulder radius throughout the angle-of-attack range. 

(2) Good agreement was obtained between theoretically and experimentally deter-  
mined bow-wave shape and standoff distance for  the 120° cone models for  various shoul- 
de r  radii  at  Mach 4.63. 
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(3) The tension shel€ models exhibited less than a 3-percent change in axial force 
f o r  the various nose radii and produced higher values of axial force than did the 1200 
cone. 

(4) After inflation the AID model was shown to be capable of producing about twice 
the axial-force coefficient as a solid cone. , ' 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., March 19, 1969, 
124-07-02-67-23. 
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Combinoiions 
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20.32 f8.001 - 

.05r* ftongent to  face contour) 

/Zoo cone 
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Y 
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50 
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IO0  

Coordinates 
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0092 ,646 

x/rb Vrb 
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,549 ,947 
541 .974 
,732 ,995 
,824 1.000 
,915 ,974 
LO05 ,894 
L 037 ,688 

Figure 1.- Details of models. Linear dimensions are in centimeters (inches). 
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-5  0 /O /5 20 25 

(a) rn/rb = 0.20; M = 2.30; R = 0.73 X lo6. 

Figure 3.- Effect of shoulder radius on static longitudinal aerodynamic character ist ics of 120° cones. 
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(b) rn/rb = 0.25; M = 2.30; R = 0.73 X lo6. 

Figure 3.- Continued. 
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(c) rn/rb = 0.20; M = 4.63; R = 0.73 X lo6. 

Figure 3.- Continued. 
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(d) rn/rb = 0.25; M = 4.63; R = 0.73 X lo6. 

Figure 3.- Continued. 
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Figure 3.- Continued. 
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Figure 6.- Continued. 
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Figure 6.- Continued. 
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Figure 7.- Effect of nose radius on static longi tudinal  aerodynamic character ist ics of tension shells. A *  = 0.833. 
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