
MARCH 1963 TECHNICAL NOTES AND COMMENTS 697

Photoelastic Design Data for Pressure
Stresses in Slotted Rocket Grains

M. E. FOURNEY* AND R. R. PARMERTER*
California Institute of Technology, Pasadena, Calif.

The preliminary photoelastic data of Ordahl and
Williams for calculating the maximum stress in a
family of slotted solid propellant rocket grains are
amplified and improved in accuracy. The effect of
changes in the shape of the inverse star point on the
maximum stress at the star point also is investi-
gated, and the experimental data are compared with
Wilson's analytical results that used conformal
mapping. Finally, an empirical formula covering
the range of parameters tested is derived for possible
use in integrated internal ballistics computations.
The design data are useful in the elastic and visco-
elastic stress analysis of free or case-bonded, in-
ternally or externally pressurized rocket grains.

THE family of grains considered in this study is similar to
the one investigated by Ordahl and Williams1 and may be

characterized by four parameters: w/p, w/b, a'/b, as defined
in Fig. 1, and N, the number of star points. Photoelastic
tests have been conducted on over 80 specimens to determine
the maximum elastic tangential stress for a grain subjected to
a pressure loading under conditions of plane stress.

Although the tests were conducted for external pressure PQ
only, it easily may be shown2 that the results may be ex-
tended to the case of arbitrary internal and external pres-
sures. In fact, several extensions have been presented, in-
cluding the case of a free grain with internal and external
pressure, a case-bonded grain with both rigid and elastic case,
and the effects of a linear viscoelastic material.2. 3

The maximum tangential stress occurs at a position where
the radial stress crr is known and, because of the symmetry of
the slots, the shearing stress TTQ vanishes. Thus the tangential
stress may be determined directly from the isochromatic lines.
These experimental data plus limit points f as w/p -> 0, with
w/b constant, allow one to draw curves of ae/P0 vs w/p, with
w/b constant, for N = 3, 4, 5, 6, and 8. With the exception
of the region near the limit points (w/p small), the N de-
pendence of the curves is very nearly Nlls. By plotting
NIIZ<TB/PQ, the experimental data for all values of N have
been plotted in Fig. 2. If <TO/PQ is required for a smaller value
of w/p than shown on this curve, the complete curves with
limit points may be found in Ref. 2.

The effect of changes in the inverse star point (point A of
Fig. 1) on the value of cro/Po was determined. An investiga-
tion of the dependence of ae/Po on a'/a was made and found
to be negligible for a'/a < 0.6.

Wilson4 has found an analytical solution for a four-star
configuration similar to some of those tested. A comparison
of the experimental data and Wilson's theoretical solution is
presented in Fig. 3. This excellent agreement, plus the large
number of mutually consistent test points, lends considerable
strength to the curves presented. They will be found to differ
by as much as 50% from the data presented by Williams and
Ordahl.
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f The limit points presented in Ref. 1 are in error.

Fig. 1 Geometry
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Fig. 2 Tangential stress at star point

An empirical formula has been derived, for possible use in
machine computations of the stress history during a ballistic
mission, which fits the experimental curves within 5% over
most of the range of interest and within 10% overall. This
relation is

1.175-1.0]K ,,,\[1.90(»ft)0.1

i)

1.7 |l - 15.8 exp[-18.4 (jf)]}] (1)

A group at New York University5 has correlated the data of
Fig. 2 with the results from internally notched strips under
axial tension. Using Eq. 1, cr0/P0 was calculated for N = 2
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Fig. 3 Comparison of theory and experiment for N = 4

and compared to a notched strip. The following relation was
deduced:
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This expression fits the data quite well except in the region
near the limit points as w/p —>• 0.

In summary, the results of these tests indicate that the
maximum tangential stress at the star point can be reduced in
the following ways: 1) increasing the fillet radius, 2) increas-
ing the web fraction, and 3) increasing the number of star
points. It also has been shown that major geometrical
changes in the inverse star-point region have little effect on
the maximum stress. However, one should not conclude that
the maximum stress is unaffected by small geometrical changes
in the star-point region. Recent tests have shown that rela-
tively minor changes in the star-point contour can reduce the
maximum stress by more than a factor of 3.
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Fig. 1 Illustration of problem studied. The flow past the
cylinder is unperturbed, and the current pattern is to be

determined

ter COT, where co = eB/m is the angular velocity of the electron
orbits around the field lines, and r is the mean time between
scattering collisions for the electrons. The form of Ohm's law
which accounts for the Hall effect is1

j = o<E + v X B) - (er/m)j X B (D

This note will describe a simple flow in which the Hall cur-
rents can be calculated exactly and the results compared with
those that follow from the usual simplifying assumptions of
reducing in fixed ratios the conductivities parallel and per-
pendicular to the field lines.

Consider a flow of the type illustrated in Fig. 1. A wire
carrying current I coincides with the z axis, and the mag-
netic Reynolds number is assumed small so that (in cylindri-
cal coordinates)

B = (0, /*o//2irr, 0) (2)

The flow is assumed to be given, and the velocity vector is
restricted to be of the form

v = U{ [-1 + (a2/r2)] cos0, [1 + (a2/r2)] sinfl, 0} (3)

which represents uniform two-dimensional flow without circu-
lation past a cylinder of radius a, with velocity U at infinity.
In the absence of the Hall effect, the current is in the z
direction and is given by

)[1 - (a2/r2)]cos0

(4)

where a = N^Pr/m, Ne being the electron density. However,
the Hall effect will reduce this current and also produce a
current pattern in the plane of the flow. A nondimensional
distance is defined by

f = (cor)"1 = 27rmr/fjiQBrl (5)

and let r = a correspond to f = a. Since the current vector

A Simple MHD Flow with Hall Effect
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IN magnetohydrodynamics, the Hall effect rotates the cur-
rent vector away from the direction of the electric field

and generally reduces the level of the force that the magnetic
field exerts on the flow. It usually is measured by the parame-
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Fig. 2 Illustration of the reduction in the conduction
current due to the Hall effect as calculated exactly and

approximately


