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AERODYNAMIC CHARACTERISTICS OF A SPHERICALLY 

BLUNTED 25' CONE AT A MACH NUMBER OF 20 

By Julius E. Harris 
Langley Research Center 

SUMMARY 

An experimental investigation has been conducted in nitrogen to determine the 
static longitudinal aerodynamic characteristics and the pressure distributions for a 
spherically blunted cone with a 25O semiapex angle. The bluntness ratio of the config
uration, defined as the ratio of nose radius to base radius, was 0.2. The tests were made 
in the Langley hotshot tunnel at a Mach number of approximately 20 and a Reynolds num
ber,  based on cone base diameter, of 0.15 X lo6. Static longitudinal-stability data and 
pressure-distribution data were obtained over angle-of-attack ranges of Oo to 30' and Oo 
to 150, respectively. 

Analysis of the data indicated that the configuration was statically stable for  a 
center of gravity at the centroid of the planform area. The maximum lift-drag ratio was 
approximately 0.563 and occurred at an angle of attack of 20°. The lift and drag coeffi
cients corresponding to the maximum lift-drag ratio were 0.369 and 0.655, respectively. 
The maximum lift coefficient was 0.395 and occurred at an angle of attack of 25O. The 
slopes evaluated at zero angle of attack of the curves for  lift coefficient and pitching-
moment coefficient as functions of angle of attack were 0.023 deg-' and -0.0054 deg-', 
respectively. 

Estimates of the force and moment coefficients obtained by using modified 
Newtonian impact theory agreed well with the trends of the experimental results over the 
angle-of-attack range and, in  many instances, predicted the actual magnitudes within the 
accuracy of the experimental data. Pressure  coefficients estimated by using modified 
Newtonian impact theory were in  good agreement with those obtained on the spherical 
nose but were less than those obtained on the conical portion of the configuration. Pre
dictions with tangent-cone theory of the conical pressure coefficients agreed well with 
the experimental data. 

INTRODUCTION 

Spherically blunted cones are among the configurations of interest  for entry vehi
cles. These configurations are basic geometric shapes and have been the subject of both 



analytical and experimental research fo r  a number of years. During these studies con
siderable data have been accumulated for a rather  broad range of Mach numbers, 
Reynolds numbers, cone angles, and bluntness ratios. However, a shortage of informa
tion still exists in  some areas, particularly for cone angles greater  than loo and Mach 
numbers greater  than 10. (See, for  example, the extensive literature survey presented 
in  ref. 1.) Because of this lack of information, an experimental program was conducted 
in  the Langley hotshot tunnel to  determine the static longitudinal stability characteristics 
and the pressure distributions for  a spherically blunted cone having a 25O semiapex 
angle and a bluntness ratio of 0.2. The tests were made a t  a Mach number of approxi
mately 20 and a Reynolds number, based on cone base diameter, of 0.15 x lo6. 
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SYMBOLS 

axial-force coefficient 

drag coefficient, CN sin a +  CA cos a 

lift coefficient, CN cos a - CA sin (Y 

pitching-moment coefficient 

normal-force coefficient 

P - P,pressure coefficient, 
q, 

cone base diameter 

lift-drag ratio, CL/CD 

length of model (see fig. 2) 

Mach number 

pressure 

dynamic pressure,  pV2/2 

PmVmdReynolds number, -
I-1, 



S surface coordinate (s 0 at x = y = 0) (see fig. 2) 


T temperature 


V velocity 


X,Y body coordinate system (see fig. 2) 


xCP center of pressure  


a, angle of attack 

P meridian coordinate (P  = 0 on most windward ray of cone and r on most 
leeward ray) 

Y ratio of specific heats 

P coefficient of viscosity 

- P density 

(P cone semiapex angle 

Subscripts: 

b base of cone 

max maximum 

t total condition 

co free s t ream 

APPARATUS AND TESTS 

Test Facility 

The present investigation was conducted in the Langley hotshot tunnel. A detailed 
discussion on the operation and calibration of this facility is presented in reference 2. 
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The total pressure in  the a r c  chamber was measured with strain-gage pressure 
transducers and recorded as a function of time during each test. This pressure,  together 
with the initial arc-chamber density pr ior  to a r c  discharge, was used to calculate the 
total temperature. Pitot pressure  in  the test section was measured as a function of time 
with a variable-reluctance transducer. This pressure,  together with the arc-chamber 
total pressure and temperature as functions of time, was used to calculate the free-
stream thermodynamic properties. 

Models 

The configuration used in  the present investigation was a spherically blunted cone 
having a 25O semiapex angle and a bluntness ratio of 0.2. Bluntness ratio is defined 
herein as the ratio of the spherical-nose radius to the cone base radius. Sectional views 
of the models used for the force tests and pressure tes ts  are presented in  figure 1. 

The model used for  the force tests (fig. l(a))was integrally machined from a block 
of magnesium to minimize weight and, thus, to maximize balance response and weighed 
approximately 0.09 pound (40.8 g). The typical wall thickness was 0.03 inch (0.076 cm). 
A thin-wall (0.01 inch (0.025 cm) thick) stainless-steel cylinder was inserted into the 
balance can in  order  to insure a lasting f i t  between the model and balance. A 0.038-inch
diameter (0.096 cm) pressure orifice was located at the point x = y = 0. 

The model used for  the pressure tests (fig. l(b)) was machined from AIS1 type 
347 stainless steel in halves to allow access to the 10 internally mounted variable-
reluctance pressure transducers. The orifice diameters were 0.038 inch (0.096 em). 

Instrumentation 

A three-component, internally mounted strain-gage balance was used to measure 
the aerodynamic forces and moments exerted on the model during the investigation. The 
strain-gage outputs were amplified by a 3-kilocycle carrier amplifier and recorded on an  
oscillograph. The local pressure at the point x = y = 0 was measured with an inter
nally mounted variable-reluctance pressure transducer over the range Oo 5 a 5 30'. 
This pressure was corrected to the stagnation-point value by using a Newtonian correc
tion and compared with the value obtained from the pitot tube. In general, these com
parisons agreed to within *3 percent and insured the correct dynamic pressure for the 
reduction of the force and moment data to coefficient form. 

Local pressures  on the model were measured with internally mounted variable-
reluctance pressure transducers at 10 orifice locations. The outputs from these trans
ducers were amplified by 20-kilocycle amplifiers and recorded on an oscillograph. The 
maximum length of tubing used to connect the transducers to the orifices was 1.5 inches 
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(3.81 cm). The reference side of the transducers was connected to a reference manifold 
which was evacuated to  approximately 3 microns of mercury. 

Test Conditions and Data Accuracy 

The approximate test conditions for  the present investigation are as follows: 

M, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 1 5 x  106

"3rd 
Pt, CQ,psia (MN/m2) . . . . . . . . . . . . . . . . . . . .  11 000 (75.8) 
Tt," OR (OK) . . . . . . . . . . . . . . . . . . . . . . .  5400 (3000) 
p,, psia (N/m2) . . . . . . . . . . . . . . . . . . . . . .  0.002 (13.79) 
T,,OR ( O K ) .  . . . . . . . . . . . . . . . . . . . . . . . . . .  86 (48) 
Force tests a, deg . . . . . . . . . . . . . . . . . . . . . . .  0 to 30 
P res su re  tests a, deg . . . . . . . . . . . . . . . . . . . . .  0 to 15 
Test  gas . . . . . . . . . . . . . . . . . . . . . . . .  Nitrogen (y = 1.4) 

The maximum anticipated uncertainties in the force, moment, and pressure coef
ficients resulting from any e r r o r  in the strain-gage-balance measurements, the variable
reluctance-pressure-transducer measurements, and the ca r r i e r  amplifier outputs are 

CN.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zko.01 
C A . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  zko.01 
C m . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  &0.001 
c p . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rto.01 

THEORY 

Estimates of the force and moment coefficients obtained by using modified 
Newtonian impact theory are compared with the experimental results. The equations 
presented in  reference 3 for  spherically blunted cones together with the tables presented 
in  reference 4 were used to calculate the force and moment coefficients as functions of 
angle of attack. The tables presented in  reference 4 are based on a stagnation pressure 
coefficient C

P , m F  
of 2.0; however, for the present investigation these tables were 

modified by assuming that 

(See ref. 5.) 

The pressure coefficients were predicted by using both Newtonian impact theory 
modified by equation (1) and tangent-cone theory. The modified Newtonian impact theory 
expression for the pressure coefficient is 
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cP= cP"(cos a! sin + + sin a! cos + cos 6) 2 (2)
9 

For the cone rays of interest  in  the present investigation, equation (2) becomes for 
p = 0  

CP = Cp,max sin2(a!+ +) (3) 

Tandfor  p = * - 2 

The relation 
Cp = Cp," COS2 0 

was used to calculate the pressure coefficients on the spherical nose for p = 0 and 
p = 

2 
over the angle-of-attack range. In equation (5) 0 is the angle between the free-

s t ream velocity direction and the normal to the surface. Tangent-cone theory was also 
used to predict the pressure coefficients on the conical portion of the configuration. In 
this instance the charts presented in  reference 6 were used for  an equivalent cone angle 
defined as a+ +. 

RESULTS AND DISCUSSION 

The sign convention fo r  the force and moment coefficients, the coordinate system, 
and the moment reference center fo r  this investigation a r e  presented in figure 2. 

The static longitudinal aerodynamic characteristics are presented in  figure 3. The 
reference a rea  and reference length for  the coefficients are 7rd2/4 and d, respectively. 
The normal-force coefficient CN was nearly a linear function of angle of attack for  
a! I15O. This linear trend of CN as a function of a! is in agreement with the results 
presented in figure 4 of reference 1for  a wide range of Mach numbers, cone angles, and 
bluntness ratios. The slope of CN as a function of a! evaluated at zero angle of attack 
was 0.0295 deg-' as compared with the modified Newtonian value of 0.0274 deg-l. (See 
fig. 3(a).) Modified Newtonian impact theory predicted the trend of CN as a function of 
q but underestimated the magnitude of CN at a! = 30' by approximately 10 percent. 
The trend of CA as a function of a! was also predicted, but as with CN the values of 
CA were less  than the experimental results. 

The slope evaluated at the t r im point (a! = Oo) of Cm as a function of a! was 
approximately -0.0054 deg-' as compared with a modified Newtonian value of 
-0.0044 deg-1. (See fig. 3(b).) The agreement between modified Newtonian impact 
theory estimates of the center of pressure and the experimental results improved with 
increasing angle of attack. 
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The l i f t  and drag coefficients together with the lift-drag ratio are presented in 
figure 3(c). Modified Newtonian theory predicted the trend of CD with angle of attack, 
but somewhat underpredicted the actual magnitudes. The slope evaluated at a! = 00 of 
the curve for CL as a function of a! was approximately 0.023 deg-1 as compared with 
the modified Newtonian value of 0.0215 deg-l. Both the trend and magnitude of CL 
were predicted over the angle-of-attack range. The maximum lift coefficient which 
occurred at a! = 25O was 0.395. The maximum lift-drag ratio was approximately 0.563 
and occurred at a! = 20°. Corresponding values of CL and CD for  (L/D),, were 
0.369 and 0.655, respectively. 

The experimental pressure coefficients are presented in  figure 4. It appears from 
the trend of the data that, with increasing s/sb, an overexpansion occurred with the 
minimum pressure occurring in  the interval 0.112 5 -S Z 0.220. Estimates of the pres-

Sb sure  coefficients on the spherical nose obtained by using modified Newtonian impact 
theory (eq. (5)) agreed well with the experimental data for all values of a! and p. How
ever, with the exception of the data for  zero angle of attack, modified Newtonian impact 
theory underpredicted the experimental values on the conical portion of the configuration. 
(See figs. 4(a) to 4(g).) Estimates of the pressure coefficients on the conical portion of 
the configuration obtained by using tangent-cone theory agreed within the experimental 
accuracy of the data in  most instances. (See fig. 4.) 

Schlieren photographs for  angles of attack of Oo, 5O, loo, 15O, and 20' a r e  presented 
in  figure 5. These photographs were taken during the pressure-distribution investigation. 
The outlines of the pitot tube and the previously mentioned pressure reference manifold 
as well as the tube which connected the manifold to the vacuum pump system can be seen 
at the base of the model. 

CONCLUDING REMARKS 

The results of an experimental investigation to determine the static longitudinal 
aerodynamic characteristics and the pressure distributions for  a spherically blunted 
cone having a 25O semiapex angle and a bluntness ratio of 0.2 have been presented. The 
tests were made in the Langley hotshot tunnel at a Mach number of approximately 20 and 
a Reynolds number, based on the cone base diameter, of 0.15 X lo6. The static longitu
dinal characteristics were obtained over an angle-of-attack range from 0' to 30'. The 
pressure-distribution data were obtained along the most windward cone ray and along the 
ray located 7r/2 from the most windward ray for angles of attack from 0' to 15O. 

The configuration was statically stable for  a center of gravity at the centroid of the 
planform area. The slope evaluated at zero angle of attack of the curve for pitching 
moment as a function of angle of attack was -0.0054 deg'l. The maximum lift-drag ratio 
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was approximately 0.563 and occurred at an angle of attack of 20°. The l i f t  and drag 
coefficients corresponding to the maximum lift-drag ratio were 0,369 and 0.655, respec
tively. The maximum l i f t  coefficient was 0.395 and occurred at an angle of attack of 25O. 
The slope evaluated at zero  angle of attack of the curve for lift coefficient as a function 
of angle of attack was 0.023 deg'l. 

Estimates of the force and moment coefficients obtained by using modified 
Newtonian impact theory agreed well with the trends of the experimental data and, in 
many instances, agreed with the actual magnitudes within the accuracy of the data. Pres
sure  coefficients estimated by using modified Newtonian impact theory were in good 
agreement with those obtained on the spherical nose but were less than those obtained on 
the conical portion of the body. Predictions with tangent-cone theory agreed well with 
the results on the rearward portion of the conical body (downstream of the overexpansion). 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., March 1, 1967, 
124-07-02- 54-23. 
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Figure 1.- Sectional view of models. d = 3.00 in. (7.62 cm). 
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Figure 2.- Sign convention. d = 3.00 in. (7.62 cm). 

- x  



.8 


.6 


CN .4 


.2 


0 


I I I I I I 


---Modified Newtonian theory 

/ 

-=r
! 
5 20 25 30 


(a) CN and CA as a function of a. 

Figure 3.- Static longitudinal aerodynamic characteristics. M, = 20; R09 d 
= 0.15 X lo6 
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Figure 3.- Continued. 
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Figure 4.- Continued. 



(c) a = 100; fi = 0. 

Figure 4.- Continued. 
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Figure 4.- Continued. 
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(e) a = 50; p = 7r/2. 

Figure 4.- Continued. 
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Figure 5.- Schlieren photographs. L-67-972 
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