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Fig. 6 Effects of norilinearities on in-plane stress re-
sultants.

The same imperfection sensitivity illustrated in Fig. 4 was
also observed for a shell with h = 0.029 in. This should ex-
plain those discrepancies between theory and experiment
noted in Refs. 1 and 2 for shells with thicknesses of 0.029 in.
or less.

Due to the marked sensitivity of the collapse pressure to a
slight change in shape for this type of shell, the effect of the
b/a ratio on the collapse pressure was investigated. Table 2
shows the collapse pressures for a shell with h = 0.049 in.,
L = 10 in., and a constant circumference c) of 19.38 in. The
results are plotted in Fig. 5. Note that for a = 4.05 in. and
b = 1.95 in., the collapse pressure is higher than that for the
imperfect shell of Fig. 4. This is due to the fact that the re-
sults of Fig. 5 are based on an initially straight sided cylinder
while the sides of the imperfect shell of Fig. 4 are initially
curved.

One reason for the difference between bifurcation buckling
and nonlinear collapse results can be explained with the aid of
Fig. 6 which compares the in-plane stress resultants at the
minor axis apex of linear membrane theory with those com-
puted by STAGS for a cylinder with a thickness of 0.091 in.
The plot for a cylinder with a thickness of 0.029 in. is very
similar except that there is very little difference in the Ne
values. The axial stress resultant (Nx) computed by STAGS
becomes significantly greater than the membrane Nx for both
cases as the pressure approaches the collapse pressure. How-
ever, for the hoop stress resultants (Ne) the difference near
collapse is only about 7% for h = 0.029 in. while it is about
26% for h = 0.091 in. This clearly indicates that the thicker
shell allows a flattening effect at 0 = ir/2 to occur due to its
greater bending stiffness, whereas the thinner shell begins to
collapse at the first sign of flattening.

A bifurcation type analysis cannot account for the flatten-
ing effect noticed for thicker shells; hence bifurcation buck-
ling pressures will always be higher than the nonlinear col-
lapse pressure.

It can be concluded that nonlinear effects are very im-
portant for this type of shell and that a linear bifurcation type
of analysis should be used with caution for shells with a radius
of curvature to thickness ratio (r/h) less than 270 (h = 0.029
in., a = 4 in., 6 = 2 in.). It would appear that for r/h > 270,
a bifurcation buckling should give good results and for r/h <
270 (h = 0.049 in., a = 4 in., b = 2 in.) a nonlinear analysis
should be used. In all cases, however, any imperfections
should be accounted for.
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Development of a Sonic Boom
Simulator with Detonable Gases
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Introduction

TPHE advent of supersonic aircraft to the field of commer-
-*- cial transportation is accompanied by several significant

problems. Paramount among these problems is the genera-
tion of a distinctive pressure pattern known as sonic boom
and its effects. At points far away from the aircraft the pres-
sure pattern takes the shape of a classical A^-wave.

In order to evaluate the effect of sonic booms on structures
and human beings the desirability of developing a reliable,
low-cost experimental technique capable of reproducing full-
scale booms is apparent. One such technique is the genera-
tion of weak air-shock waves by the detonation of detonable-
gas mixtures contained in thin mylar balloons. In order to
develop an A/'-wave generating capability with balloons filled
with detonable gases the balloon geometries which produce
N-wave-forms must be determined. Once they are deter-
mined, an efficient experimental procedure must be devised
such that field deployment is accomplished with ease and
acceptable cost. These two aspects, namely, determining the
family of JV-wave generating balloons and detonation of said
balloons, gave impetus to the reported program.

Conceptual Background
The use of distributed explosives to generate shock waves in

air to simulate the pressure profiles expected in a sonic booms

SHOCK FRONT
PROPAGATION

DETONABLE GAS CONTAINER
/ ..PRIMACORD DETONATOR

Fig. 1 Conceptual detonable gas simulation.
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Fig. 2 Test site.
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was demonstrated by Hawkins and Hicks.1 A sequence of
programs by Balcerzak and Johnson2 has demonstrated that
detonable gas explosions can be used to generate air blast
waves which simulate solid explosive detonations. Both
demonstrations suggested that if a detonable gas mixture
could be dispersed in a long, approximately cylindrical enve-
lope, the ensuing detonation of this mixture would drive an air
shock which would have features similar to those of a sonic
boom. Variation of the shape of the pressure profile could be
made by varying the diameter of the balloon along its length.

The concept is illustrated in Fig. 1. Here a thin plastic
envelope in the shape of two truncated cones joined at their
bases contains a detonable gas mixture. Primacord is placed
along the axis of the envelope. Ignition of the Primacord will
cause the gas mixture to detonate, thus producing a time-
dependent pressure field in the external atmosphere. The
characteristics of the pressure profiles are directly related to
the geometrical properties of the plastic envelope and the
initial conditions of the detonable gas mixture.

Experimental Technique

The experimental portions of the program were organized
in four broad phases. Individual phases obtained the follow-
ing information: 1) quantitative and qualitative aspects of
pressure regimes due to detonation of the gas mixtures, 2)
effects of detonation initiation; 3) effects of balloon shape;
and 4) N-wave generation.

Figure 2 depicts the test site employed during the program.
Suspension of a balloon envelope was accomplished by attach-
ing the balloon to the catenary cable with nylon cords. Posi-
tion stabilization of the balloon was provided by nylon cord
tethering lines attached to the balloons and ground stakes.
The gas loading system consisted of an array of gas cylinders
with associated flow control valves and pipes located near the
balloon envelope. Remote control operation of the gas load-
ing system was provided. Pressures were recorded by six
high-performance microphones, which had a flat response up
to 8 kHz in the overpressure range measured (1 to 60 psf
maximum). The array of microphones was located to the
right of the pole illustrated in Fig. 2. Photographic coverage
was provided by two Fastex motion picture cameras.

METHANE, NITROGEN, AND
OXYGEN GAS CYLINDERS

FASTEX CAMERA STATION

CONTROL CABLE-

GAS CONTROL PANEL-

Results

The results obtained from the first two phases of the pro-
gram indicated the following specimen ignition method as
optimum. The specimen, when filled with the detonable gas
mixture, is suspended from a cable and tethered in a hori-
zontal position 20 ft above the ground. The gas mixture,
consisting of methane and oxygen in the molar ratio of one to
two, is detonated by a Primacord strand which lies along the
cylindrical axis of the balloon specimen. The Primacord,
necessary for stabilization of the resulting pressure signal, is
ignited by a conventional EB106 detonator at the end of the
specimen nearest to the microphone array such that the
ensuing Primacord detonation propagates away from the
microphone array.

Synthesis of the pressure profile data obtained during the
third phase resulted in the fabrication of the balloon illus-
trated in Fig. 3. Detonation of this balloon shape during the
fourth phase produced the downrange pressure profiles illus-
trated in Fig. 4. The profiles are of the required TV-shape and
examination of the progressively further downrange records
indicates progressive signal maturing.

Conclusions

A pressure profile in the form of an A^-wave can be gener-
ated by the detonation of a shaped, slender gas-filled balloon.
A family of such balloons exists which can produce TV-wave
profiles of any desired duration and peak overpressure. The
pressure profiles which have been experimentally generated in
the described program simulate the pressure signals charac-
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terizing sonic booms. Signal durations of up to 75 msec were
recorded at distances less than 800 ft from the point of balloon
detonation. Peak overpressures in the range 3-15 psf were
obtained.

The detonations of gas-filled, slender, shaped balloons of
the particular geometry tested in this project yield an N-wave
at moderate ranges from the source. These balloon detona-
tions could be used directly as pressure signal inputs to a
number of sonic boom effect studies. Response studies of
structures such as existing buildings and full-scale building
components, for example, an exterior wall specimen contain-
ing windows and window casements, can be readily and inex-
pensively tested compared to overflight testing. Since the
balloons can be fabricated to any desired size scale, model
studies can also be performed. Certain physiological testing
might also be considered as this technique generates a signal
which does not have much high frequency noise superposed on
the signal, a characteristic similar to sonic booms not ex-
hibited by solid explosive simulation.
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Table 1 Comparison with vortex lattice method

Downwash-Velocity Potential Method
for Lifting Surfaces
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Introduction

THIS Note presents some preliminary calculations of sub-
sonic forces on rectangular wings, using the downwash-

velocity potential relationship. Generally, the down wash-
pressure method has been most widely used, as for example by
Watkins1 and Albano and Hodden.2 However, Jones,3
Stark,4 and Houbolt5 have used the velocity potential in their
methods. Only the steady-state case is considered here.

VORTEX LATTICE METHOD. LIFT LINES
-WINGLET BOUNDARIES/

^COLLOCATION POINTS

-SENDING REGIONS (ALTERNATE SHADING)

T.E.

Fig. 1 Typical wing planform showing equivalent vortex-
lattice array.
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Vortex lattice These results
Aspect ratio 2

Aspect ratio 1

CLa = 3.10902
CMa = -1.26869
CLa = 1.75507
CMa = -0.53027

3.10899
-1.26828

1.75508
-0.53027

Derivation

Representing an airfoil by a flat surface parallel to the x,y
plane, with a given normal velocity component w, the un-
known velocity potential jump A<£ is given by the integral
equation:

(1)

where integration is over the wing and wake, with

fi* = (x - {)»- + a*(y - Tj)2 + a*(z - f)2

and a2 = 1 — M2 (M = Mach number).
Selecting a set of collocation points and denoting "receiv-

ing" points by k, "sending" points by I, the assumption of
uniform velocity potential over a sending area region near I
leads to the following expression for the down wash at k :

xwk =

A*i (2)
where V represents a point on the trailing edge, and V one of
the remaining collocation points, while I* is a point in the
wake that is not one of the collocation points. Ak,i is the
aerodynamic matrix and k^ is the airforce influence coefficient,
given by

//re (3)

where R(k) is R evaluated at the point k, with coordinates
(xk,yk). Summation over I* in Eq. (2) is limited to a finite
distance into the wake. An alternate form of Eq. (2) re-
places the wake integration by lifting lines along the trailing
edge.

For rectangular sending regions having dimensions Lx by
LY, with the point I (coordinates £1,171) at their centers, Eq.
(3) can be integrated exactly to give

where F(X,Y) = {(xk-X)*
& - \L^i - %LY) (4)

)2}i/2/47r(^ - X)(yk - Y)
Given that the local normal velocity equals the local angle

of attack multiplied by the velocity, the velocity potentials in
Eq. (2) can be solved by simultaneous equations. From these
section lifts and moments can be calculated.

Preliminary Calculations

These were made on rectangular planforms at uniform angle
of attack. In order to get direct verification of the method,
the rectangular sending regions were oriented in such a way

Table 2 Effect of wake length0

Wake,
chord lengths CLU Cua

I
5

10
50

100
500

2.6263
2.8390
2.8507
2.8547
2.8548
2.8549

-1.0992
-1.1886
-1.1935
-1.1952
-1.1952
-1.1953

Note convergence to within 1% in five chord lengths.


