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Fig. 1 Isothermal heating curve of irradiated and unirradiated AP at
576K.

when comparing the irradiated AP to the unirradiated sam-
ple. All kinetic runs were made in a flowing argon at-
mosphere.

Results
Figure 1 compares individual kinetic runs of the irradiated

and unirradiated AP. The nearly vertical portion at the begin-
ning of each run is the weight loss from the low-temperature
decomposition. One can see in Fig 1 that the initial weight loss
is more rapid for the irradiated AP and that the fraction of
AP decomposing via the low-temperature path is slightly
greater for the irradiated AP. Such observations are in accord
with previous results.7'8 The remaining portion of each kinetic
run corresponds to the vaporization of AP which continues
until all the AP is consumed. To see the effect of neutron
radiation on the vaporization of AP, the weight loss
corresponding to the vaporization of AP was converted to
fraction reacted a. and the fraction reacted vs time fit to
several equations representing solid-state decomposition
kinetics.16 In accord with Jacobs and Russell- Jones,15 the
following equation was found to best represent the fraction
reacted vs time

The rate coefficient k was calculated by a linear least-squares
fit of /(a) vs t. Table 1 summarizes the rate coefficients com-
puted in this fashion for all the kinetic runs we performed.
Clearly the rate of vaporization of the irradiated AP is the
same as the rate of vaporization of the unirradiated sample.

Conclusion
The vaporization rate of AP is unaffected by a neutron

fluence of 4xl014 neutrons/cm2, although the low-
temperature decomposition is altered by the same fluence.
One would expect the neutrons to primarily affect condensed
phase reactions. The literature indicates that the rate of
vaporization is the only condensed phase reaction deemed im-
portant in the AP combustion. Therefore one would expect a
neutron fluence of 4 x 1014 neutrons/cm2 to have no effect on
the combustion rate of AP or the combustion rate of com-
posite propellant made from irradiated AP.
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Dynamic Response of Laminated
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Introduction

IT is a well known fact that an initial stress will mo-
dify the mechanical properties of a medium. As an exam-

ple, a homogeneous and isotropic medium in the unstressed
state may become nonhomogeneous and anisotropic under
initial stress. In general, a tensile initial stress will stiffen the
rigidity of the medium, while a compressive initial stress will
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Table 1 Dynamic load factors, 6 = 45 °

NO W $xx ^yx

Casel Case 2 Case 3 Casel
0 2.00 1.75 1.90 1.97
0.01 1.88 1.48 1.75 1.82
0.02 1.46 1.26 1.30 1.46
0.03 1.16 1.07 1.11 1.15

Case 2 Case 3
1.70 1.88
1.30 1.50
1.10 1.26
1.06 1.07

Case 1 Case 2
1.54 1.11
1.39 1.08
1.19 1.01
1.07 1.00

Case 3
1.31
1.22
1.08
1.04

Table 2 Dynamic load factors, 0 = 90 °

NQ W

Casel Case 2 Case 3
0 1.99 1.70 1.87
0.01 2.37 1.85 2.19
0.02 2.72 2.14 2.52
0.03 2.93 2.44 2.70

^x,x

Case 1 Case 2
1.92 1.65
2.12 1.77
2.24 1.85
2.30 1.94

Case 3
1.80
1.95
2.01
2.10

reduce its rigidity. When the compressive initial stress reaches
a critical value, the rigidity of the medium becomes very
small, and instability will occur.

The stability problems of plates and shells under com-
pressive initial stress have been investigated by many
distinguished researchers. The objective of this Note is to in-
vestigate the effects of initial tensile stress on the dynamic
response of an infinitely long, simply supported composite
plate under cylindrical bending. The investigation is carried
out by using a method previously developed by the authors1

to analyze composite plates under time-dependent dynamic
pressure. This method was first established by Mindlin and
Goodman2 and was extended by Yu3 to the investigation of
sandwich plates.

Governing Equations

Consider a laminated plate of thickness h with the origin of
Cartesian coordinate system located within the central plane
(x—y) with the z-axis being normal to this plane. For cylin-
drical bending in the Jt-direction, the laminated plate theory
used in Ref. 1 is based on the assumed displacement field

:(X,t)

V=V°(X,t)+Zty(X,t)

w=w(x,t)

(1)

where u° and v° are the displacement components of the mid-
dle surface (z=0) in x, y directions, respectively, w is the
transverse displacement, and \l/x and \l/y represent the
rotations of a normal to the middle surface about the y and x
axes, respectively. For the case of an initial stress resultant
Nx=N0 = constant, Eq. (3) of Ref. 1 becomes, with partial
differentiation denoted by a comma

+p = Pw,, (2)

where Ay, k, p, and P denote plate stiffnesses, shear correc-
tion factor, surface pressure, and integral of the density
through the plate thickness, respectively. The remaining
equations of motion are unchanged by the introduction of N0.
Since the only effect of the initial tensile stress resultant is an
increase in the stiffness coefficient of w jXV, the solution to the
governing equations in terms of separation of variables and
the Mindlin-Goodman procedure2 as presented in Ref. 1 is ap-
plicable to the present problem. The details of this solution
method are not repeated here.

Three cases of time-dependent dynamic loading are con-
sidered for an infinitely long plate simply supported at the
ends x = 0, L, under a concentrated load P(x,t) =P0F(t) at
the center X=L/2.

Casel

Case 2

CaseS

F(t)=H(t-t1)

F(t)=t/tI

=2-t/tj /7<

= 0 t>2t

F(t) = simrt/t1

= 0 t>t1

(3)

(4)

(5)

Loading Case 1 represents a rectangular pulse between t = 0
and t = tl, Case 2 a triangular pulse, and Case 3 a sine pulse.

Numerical Results
Numerical results for the displacement variables are ob-

tained for eight-layer 0/0/0/- 0/- 0/0/0/0 graphite/epoxy
laminates having the same unidirectional properties as in Ref.
1. The maximum deflection and inplane stresses occur at
x=L/2 and t — T j . The maximum value of the interlaminar
shear, TXZ, occurs at x = 0,L and /= T2. The evaluation of Tl
and T2 for each case is obtained by plotting the appropriate

~ 4

l °
I

.01 .02 .03

Fig. 1 Dynamic load factor for interlaminar shear stress TV T as a fun-
ction of N0 for the case 6 = 45 °.
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variable as a function of /. The angle 6 in each ply is the angle
between the fiber direction and ;t-axis of the plate. It is
also assumed that L/h=20 and the dwell time T1 = 100
where T]= (ET/ph2)t1 with ET denoting the modulus of a
unidirectional layer transverse to the fiber direction and p
denoting laminate density. Dynamic load factors (ratio of
dynamic solution to static solution) are presented in Tables 1
and 2 for increasing values of N0 (shown in the non-
dimensional form N0 = N0/ETh). These results correspond to
0 = 45° and 90° respectively. Maximum in-plane stresses
for the /th layer of the laminate can be calculated from the
relations^

(6)

where Qtj are the anisotropic reduced stiffnesses for plane
stress. For the present plate theory in which the effects of
transverse shear deformation are included the inplane stresses
are not a function of w explicitly. It should not noted,
however, that through the coupling of w, \[/X9 and \j/y in the
governing equations the inplane stresses are indirectly related
to w. For the symmetric laminates discussed in the present
work, utX° is a constant proportional to N0. Thus, w, \[/x, and
\l/y are the only time dependent variables. It should be noted
that the laminates under discussion display orthotropic in-
plane properties (i.e., A16=A26 = 0) resulting in the vanishing
of v°. The interlaminar shear stress rxz can be determined by
using Eqs. (6) in conjunction with the dynamic theory of
elasticity in the following manner

(7)

The dynamic load factor for the maximum value of TXZ- is
shown in Fig. 1 for 0 = 45° and £ = 0. It should be noted that,
depending on layer properties, the maximum value of TXZ does
not always occur at the laminate mid-plane. Similarly, the
maximum value of the in-plane stresses does not always occur
at the outer surface of the plate. It should also be noted that
for 6 = 90°, \l/v vanishes.

A cursory examination of the numerical results reveals that
an initial in-plane tensile stress resultant has considerable in-
fluence on the dynamic load factor. The exact character of the
change, i.e., increase or decrease, depends on the orientation
in the laminate.
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$In general the peak values for \l/x>x and \j/y>x do not occur at the
same instant. Since the numerical values for \l/XiX are at least ten times
greater than \j/yjX and Ql

n and Q1
16 are in the same order of

magnitude, it follows that for practical applications the dynamic load
factors for the inplane stresses are very close to the dynamic load fac-
tor for \l/x>x.

Near-Field Studies of a Choked Jet
Seeded with Upstream Sound
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Introduction
NUMBER of studies1"4 on core engine noise have

n published in recent years. There is substantial
evidence1'2 that the noise from low-velocity jets cannot be ac-
counted for by LighthnTs theory alone. Internally generated
noise upstream of the nozzle contributes significantly to the
overall noise radiated by the jet. As early as 1953, Mawardi
and Dyer5 reported measurements on turbojet engine noise
and found the velocity index to vary from 4 to 8 as the thrust
was increased. The importance of internal noise has been
overlooked for many years, and, in testings of jet engines, the
deviation from the Us law was regarded as an imperfection of
the engine rather than a fundamental effect.

In spite of some recent investigations by engine manufac-
turers and independent researchers, the subject of internal
noise is still poorly understood. This is because of the com-
plexity of the problem, and more fundamental studies are
required to identify the internal noise sources, the coupling
between them, and the transmission characteristics as a f unc-
tion of the jet flow.

To study the transmission of core noise, it is desirable to in-
troduce sound of controllable amplitude and frequency up-
stream of the nozzle and to follow the development of the
radiated waves and the modification by the jet flow in the
near field. This paper presents some preliminary observations
in the near field of a 21/4-in. cold choked jet seeded with high-
intensity sound waves of discrete frequencies generated by an
annular cavity cut into the inside surface of a nozzle.
Microphone traverses at a frequency of 12.5 kHz have been
carried out. This frequency corresponds to the fundamental
of the internally generated waves, with the cavity width set at
l/2 in. The results for other cavity widths exhibit behavior
similar to that reported herein, and detailed measurements at
other frequencies are reported in Ref. 6.

Experiments
The experimental facility used in the present experiments

has been described by Westley and Woolley.7 The nozzle used
in the experiments has an inside diameter D of 2.25 in. and a
parallel length of 4.2 in. It was connected to a 6-in-diarn air
supply pipe by a converging section. Figure 1 shows a cross
section of the nozzle. An annular cavity was cut on the inside
surface of the nozzle at a distance d= ¥2 in. from the exit. The
cavity depth h was kept constant at 1A in., and the width b
could be varied from l/s to 1A in. The dimension for the nozzle
wall thickness t was 3A in.

A l4-in.-diam condenser microphone (B&K 4135) was
mounted on a lathe bed drive and could be motor-driven at a
speed of approximately 1 ips, for a distance up to 30 in. The
near-field traverses of the sound pressure level at frequencies
corresponding to those generated by the cavity were obtained
by feeding the microphone signals through a B&K Vz -octave
frequency analyzer.

Optical studies of the jet flow and the sound field were ob-
tained by a single-pass schlieren system with a nanolite source
(model K30) and two spherical mirrors of 3-ft diam and 24-ft
focal length. A microphone was used to trigger the light
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