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SHOCK-WAVE Y& FOR 9 1/2° SEMI-APEX CONE

ABSTRACT

The semi-apex angle of the shock-wave and the ratio of the shock-
wave to the yaw of a projectile for small yaw is theoretically pre-~
. dicted by A, H, Stone, Experimental verification of the theory was

obtained from cones and cone cy]."mders fired in the Free Flight
Aerodynamies Range.



INTROTRIGYI O

If the direction of motion of a cone flying tirough air does not coine
cide with its axis of symmetry it is sald to have yaw. For a yawing cone
flying at supersonic speeds the resuliting shock-wave 'will also have yaw,
(See Fig. 1) The ratio of this shock-wave yaw to the yaw of the cone can
be predicted by Stonets theory, E[Z The semi-apex angle of the shock-
wave can also be predicted by this fheory. Empirical values were obtained
by measuring these quantities from spark photographs taken in B.R.L.'8
small spark rangeez No significant difference was observed between the
experimental and theoretical values, This; in essence, is a verification
of the theary. 3 The “ata included in this report supplement the B.,R.L.
data in Stone!s work: [1] which he uses to verify his theory.

SHOCK -WAVE YAW ‘FOR 9 1/2° SEMI-APEX CONE

' The theoretical values for the ratio of the shock~wave yaw to the vaw
. of the cong as predicted by A, H, Stone are obtained directly from Kopalts
tables. |3} 5 J—l—]o In order to determine these values for a cone, semi~
apex angle _es of 9 1/29, we must first determine the surface velocity

component u., which is tabulated in [3_1 in terms of the Mach mumber M.
Knowing u_, we can then obtain the shock to cone yaw ratio, 6/c ; by two=-

way linear 1nterpolat:|.on, [h] e Figure 2 shows the predicted behaviour
of the ratio &/ for various Mach numbers, _

The empirical values were obtained from measurements of spark photo-
graphs taken in the small spark range, A number of rounds with different .
Mach numbers were selected for a distribution of points on the &/e vs M
curve, Since the change in M is less than ,16 through the range, each
round is considered to have a constant Mach number, The yaws were measured
only in one plane, vertical or horizontal, Only those stations were selected
for which the yaw in one plane was very small, less than 1/29, and the yaw
in the measured plane was fairly large, at least six times as great,

The projected angular positions &% and € ¥ were measured on a gr:.d From .
these measured angles the true yaw is obtained. [5

Since we are ¢considering a body of revolution it is reasonable to assume
that for zero yaw the yaw of the shock-wave is also zero. The ratic of the
two yaws can then be determined by fitting the function 6§ = b€ ,; by least

" squares, to the yaw angle data; Fig. 3. These values along with the theoreti-
cal values are seen in Figure 2 plotted against Mach number, The agreement is
- good with the differences of the experimental and theoretical values being less
than the statistical error of the experimental values, This good agreement
might be considered as a verification of Stonets theory,

lThe numbers in the brackets refer to thes Reference mumber.

2The dynamic properties of these cone models are described in[6] N

3t'\I:'n.nd tunnel measwements [2] have also‘verif‘ied Stonets Theory in this regard.
5



SHOCK ATAVE ANGLE
The theoretical values for the semi-spex angle e” of the shock-wave
are obtained directly from Xopalis tables | 3] in terms of Mach number.
The expc,r:r.mental values are cbtalned from measurements taken from the

spark photographs, From the plot of the observed and theoretical values
vs Mach number in Figure lj it can be seen that the agreement also is good.

9‘ Cf A
ENE D. BOYER.
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TABLE OF SYMBOLS
Mach Number
Slope of 1ine where 6 = be¢
Surface velocity
Semi-apex angle of cone
Semi-abex angle of shock-wave
Yaw of shock=-wave
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