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ABSTRACT

Equations and charts are presented for the determination of the
aerodynamic forces and moments of spherically blunted cones in
hypersonic flow by the modified Newtonian theory. The equations
are valid for cone half-angles from 0 to 90 deg and angles of attack
from 0 to 180 deg; charts are presented for cone half-angles from
5 to 40 deg and angles of attack from 0 to 90 deg. A comparison of
Newtonian theory predictions with experimental data is presented.
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NOMENCLATURE

Axial-force coefficient
Pitching-moment coefficient
Normal-force coefficient

Pressure coefficient
Proportionality constant used in modified Newtonian theory
Moment coefficient reference length
Free-stream Mach number

Base radius of cone

Spherical nose radius

Reference area

Correlation parameter, see Fig. 5b

Distance from base of cone to center of pressure
(positive forward)

Transfer distance from base of cone to moment reference
point (positive forward)

Angle of attack
Ratio of specific heats of test gas
Cone half-angle

Angle between a line normal to body surface and
free-stream velocity

Cone bluntness ratio, Rn/Rb
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SECTION |
INTRODUCTION

In the analysis of aerodynamic data and the conduction of wind
tunnel tests, it is frequently desirable to provide a theoretical estimate
of the aerodynamic loading of a particular configuration. In the hyper-
sonic flow regime the Newtonian theory has proved useful for these
applications because of its relative simplicity. Closed form analytic
expressions for the Newtonian aerodynamic coefficients of several basic
shapes are presented in Ref. 1. Two of these shapes, the spherical
nose and the cone frustum, are the components of the spherically blunted
cone (Fig. 1), which has received considerable attention in the realm of
hypersonic aerodynamics.

The equations presented in Ref. 1 for the spherical nose and the
cone frustum have been combined to provide expressions for the aerody-
namic coefficients of the spherically blunted cone. The equations are
valid for cone half-angles from 0 to 90 deg and angles of attack from 0 to
180 deg. To facilitate the use of these equations, they have been numeri-
cally evaluated and are presented graphically for a range of cone half-
angles from 5 to 40 deg and angles of attack from 0 to 90 deg.

SECTION 11
DISCUSSION

The Newtonian impact theory provides a simple relationship between
the surface pressure coefficient and the local body inclination to a hyper-
sonic free-siream flow. Adaptation of Newton's original work to these
parameters gives the familiar form of the Newtonian equation;

Cp =2 cos” g (1)

In more recent work, however, the constant 2 has been replaced with
an arbitrary constant K., This form of the equation has been selected for '
this work, and the choice of a numerical value for the constant has been
left to the user. There are several suggested means of determining the
constant - each having merit for particular applications. For example,
good results are usually obtained for slender bodies with attached shocks
by using either the Newtonian value of 2 or with the following equation:

K = Cl’noae (2)

sin’ Bnose
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where C is determined from exact cone values such as those

Pnose
presented in Ref. 2. For blunt bodies, better results may be obtained

by using the maximum pressure coefficient (Cp ) for the constant.
max
With Mach numbers greater than 6 this quantity is closely approximated
by
- YEE
: (3)

Pmux y +

which for air (y = 1. 4) becomes 1. 83.

The geometry of the spherically blunted cone and associated nomen-
clature are shown in Fig. 1. In order to retain as much generality as
possible in the derivation of the coefficients, the choice of reference
area and length is left arbitrary. Frequently the base area and base
diameter are used for S and £, respectively.

2.1 NORMAL FORCE

The equations for the normal-force coefficients of the basic body
components, the spherical cap and the cone frustum, as given in
Ref. 1, have been combined and are presented below. Because of
limitations in the geometrical description of the surfaces as the upper
portions become shielded from the flow, the equations are separated into
two angle ranges. It should be noted that for any portion of the surface
which is shielded from the flow, i.e. when 1 is greater than #/2, the
assumption is made that the pressure coefficient is zero.

For 0 < a ¢ §

L - i1 £ s b
Ksz = ms QCOosS a CcOs el —2—- co09

For § < a < (v - 8)

2
CnS _ . 2 £ 2 7 ., -t { tan §
KRy sin g cos @ cos 5( 5 ¢os 8)[:2 + sin (tan a)]
%
.2
+sind (5- _2, + stnzB ~3sin" & - —:'- sin’ a—~sin’ &
sin® a sin’ & sin® §

3
s
+ (2 sin a cos' & + cos’ a sin 5) (sinJ a ~ sin’ 8) : (5)
3 sin & 3 sin a
These equations have been evaluated and are presented in chart

form as a function of angle of attack with constant values of ¢ and 6 in
Fig. 2,

2
= . -1 3
+ ~—sina| 3cos sin §
6 ng

si
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2.2 AXIAL FORCE

Similarly the following equations for axial-force coefficient have
been evaluated and are shown in chart form in Fig. 3.

For 0 < a <8

2

f&‘ia = —;LI:(I - % cos’ 8)(2 cos  asin’ & + sin’ acos 8) + {"2 cos’ acos 8](6)

For § < a < (r - &)

2 2
C-‘\E =|ZL +sin”' 15n5, cos’ a £ +sin” 51 ~¢" cos’ §) ~ ¢ sin’ &
KRy 2 tan @ 2 2

. 2 2 -1
+ 510 Q2COS 5 (1 - i cosz a)

cos 2 K 362 3 szﬂ 2 1 f 3in b
: a (sinza-sin 8 t 5 sin 5+sin3( - 5 )J+ & cos” (Tua) (7)

Application of Eq. (7) for angles of attack greater than 90 deg will
require consideration of the base contribution. This can be easily
computed with the following equation and added algebraically to the
results obtained from Eq. (7).

For »n/2 £ a <7

CAS 2
3 =~ 7 cos a (8)
(KRb )hase

2.3 CENTER OF PRESSURE

The center-of-pressure locations, measured from the base, are
shown in Fig. 4 and were obtained by dividing the pitching moment by

the normal force. Equations for this quantity are: 31
L al
For 0 < a<sé g,}c@
ch cos & — " co2s 5 + % ‘fz t:os2 5(‘5 ~ 3 cos &) /‘,/,\A-‘XY OL
R B : z / (9)
b sin § (1 - %— cos 8) ﬁ\
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For 6 < a < (n - &)

3 .
Xcp KRy, sing cosa | 7 . w1 ftan B 1 s g 1 .2 . . 2
= -_— - _
Ry CnSs tan & 2 i ten @ 6 § cos 8 2 ¢ cos & +cos b 3

1 2 - r 2 2
+(sinza—sin38)/’ %sinasin&[l—gfwﬁ- fsin8][35in B = 22 8, :|

tan § sin® a
+{cos’ & (1 - &% cos’ 8) -2 (1 - ¢ cos’ 8) 2 sin’ g cos’ 8 + cos’ @ain' &
3 3 sin g sin® § cos &

i’ £ 1~§cosd .
+ cos (—m—a)[T 810 a (—W— fSll‘l 8)] (10}

where Cy is obtained from Eq. (5).

The most useful application of the center of pressure is to calculate
the pitching-moment coefficient,

Xc - Xg
Cm = Cx (—"‘——) (11)

where X is the distance from the base to the desired reference point.

2.4 EXPERIMENTAL CORRELATION

Correlation of experimental data from several blunted cones has
been accomplished with considerable success by Whitfield and Wolny
(Ref. 3). The correlation curves given in Ref. 3 have been fitted
through experimental data, These semi-empirical correlation curves
offer a convenient means of comparing specific Newtonian calculations
with experimental data within, of course, the range of parameters con-
sidered in the original correlation (¢ = 0 to 30 deg, & = 6.3 to 20 deg,
£ =0t00.5 and M, = 8 to 21.7). Deviations of the experimental data
from the correlation curves were +0. 04 for Cyy and £0. 10 for Cy,. A
comparison of Newtonian calculations and the correlation curves of
Ref, 3 is presented in Fig. 5. A value of K = 2 was used for the normal-
force coefficient calculations. It should be noted that the value of K does
not enter into the correlation of pitching-moment coefficient because of
the inclusion of Cy; in the correlation parameter.
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