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Fig 3 Body shape and sonic liness 3:2 prolate ellipsoid
of revolution, M = 808, v = 14,¢ = 6°, a0 = 75°

For a discussion of similar comparisons for flow past the
body supporting a spherical shock at infinite freestream
Mach number, and for flow past two-dimensional bodies sup-
porting circular shock waves at freestream Mach numbers of
infinity and 40, see Ref 3 In general, body-shape agree
ment is good in the two-dimensional cases Agreement of
sonic-line positions and surface-pressure distributions, how-
ever, is only fair, being slightly poorer than the correspond-
ing three-dimensional cases

Figure 3 shows the profile in the vertical symmetry plane
of a body having the same cross section in this plane as
a 3-t0-2 axis ratio prolate ellipsoid of revolution at
7 5° angle of attack The body supports the shock wave
shown at a freestream Mach number of 808 This Mach
number was chosen in order that experimental results for the
surface pressure distribution on a 3-to-2 prolate ellipsoid of
revolution at 7 5° angle of attack could be compared with
those of theory The comparison is made in Fig 4 Note
that agreement between the theoretical curve and experi-
mental data is excellent  In light of the previously discussed
systematically high surface-pressure distributions predicted
by theory, one must conclude that the error is small for this
case (ef Fig 2) Note that the angle-of-attack of the
body « is 75° This corresponds to a shock-wave angle of
attack € of 6° Hence, the reduction in € over the previously
considered data is 649, which aids significantly in reducing
the error in the surface-pressure distribution
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Fig 4 Surface pressuie distribution; 3:2 prolate ellip-
soid of revolution, M =808, v = 14,¢ = 6°, 0 = 75°
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Determination of Propellant Properties
by the Arc Image Furnace Technique

R O Freming Jr * aAxND R W FreEmiNGgY

Bermite Powder Company, Saugus, Calif

HE arc image furnace technique' has been used for the
past several years for the determination of threshold igni-
tion energies (¢) of propellants and igniter materials The
particular arc image design used in these studies consists of
opposed ellipsoids with a shuttering mechanism at the common
minor focus A high intensity carbon arc located at the
major focus of one ellipsoid is imaged on the sample surface
located at the major focus of the other ellipsoid (see Fig 1)
The samples, which are about 8 mm in diameter by about 5
mm thick, are located precisely within a cylindrical cast
acrylic firing chamber whose volume is about 125 em?® The
chamber can be subjected to varying environmental condi-
tions of pressure, temperature, and flow
An Elastronics, Inc ,t type TR 4001 radiation transducer is
located at one end of the firing chamber so that it views the
sample surface to be irradiated The transducer consists of a
germanium photo transistor located behind a sapphire “light
pipe”” and is capable of producing temperature vs time profiles
by means of an oscilloscope and recording camera
In practice, the firing chamber is connected to a surge tank
whose volume is about 12,500 cm® The material to be tested
is either cut (in the case of the solid propellants) or press-
loaded in suitable retaining rings (in the case of igniter ma
terials) Sample thickness is determined micrometrically
The rear surface of each sample is spotted with a drop of bead
mix which contains a high percentage of zirconium Each
sample is then exposed to a predetermined amount of energy
and “go/no-go”’ data is obtained so that the Bruceton or
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Fig 1 Schematic drawing of double ellipsoidal mirror
system
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Fig 2 Tempeirature vs time profile of metal-oxidant mix
at 250-psig environmental pressure
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Fig 3 Approximate relationships of threshold ignition
energy to flux at three pressure levels for a metal-oxidant
mix at a consolidation pressure of 46,000 psi

“up-down” method? of statistical analysis can be employed
to yield the ¢ value estimate of the mean Since the shuttering
mechanism delivers the energy in essentially a square wave
form, the following relationship applies:

g=dq N

where ¢ is the flux or rate at which the energy is delivered and
tis the time The ¢ range can be varied from about 15 to 125
cal/cm?/sec, and the shuttering arrangement permits con-
tinuously variable, predetermined time increments between
5 and 2000 mseec Calibration is obtained by means of a
copper-constantan calorimeter

Samples ignited during a given analytical run are recorded
by the radiation transducer previously described The ig-
nition point with respect to time is clearly visible on the
oscilloscope traces When the burning wave front reaches
the end of the sample, the zirconium bead mix is ignited, thus
producing an intense signature (see Fig 2) The burning
time can then be measured, and since the sample length is
known, the burning rate is easily determined Burning rate
exponents obtained in this manner indicate close agreement
with those obtained by the Crawford strand-burner method 3

Since the ¢ can be varied by the introduction of steel wire
mesh screens near the shuttering mechanism, the manner in
which the g value of a particular material varies with ¢ can be
easily ascertained * Figure 3 shows the ¢ vs ¢ relationship of
a metal-oxidant mix at three environmental pressure levels
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Phase Shift in a Massless Vibrating

Beam

JosepH GENINF
General Dynamics, Fort Worth, Teras

HIS note is a simple demonstration of a phase shift in

a massless vibrating beam The mathematical model
shown in Fig 1 consists of a massless cantilever beam with a
concentrated mass at its free end being driven by a forcing
function Foett
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i t
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M

Fig 1 Mathematical model for the study of the phase
shift

A free-body diagram in which the beam is represented as
a series of elastic and viscous elements is shown in Fig 2
In general, the equation of motion for any section is

AM.’.E,, = —kj(xj - xj_l) — Cj(j;j - Q'th1) + Foei"’t (1)

where j represents the section being considered Consider
the steady-state solution to Eq (1):

x; = Azetet (2)

where the A4; are complex Values for 4; may be obtained
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Fig 2 Free-body diagram of the mathematical model

by placing Egs (2) into Eqs (1) Letting 4; = r;6%%, a ratio
of successive amplitudes is found to be
A; Ti

= — ei(a-—d-—l)
A,‘_1 s i i (3)

Using Eqs (1-3), the phase shift at any position along

the beam may be formulated Hence, an arbitrary selection
of n = 3andj = 2yields,

(ciks — ok w
Fo(ky + ko) + w2ca(ca + c1)

For ¢, = ¢z and &y = ke, Eq (4) reduces to tan(as — ay) = 0,
which implies that no phase difference exists between the dif-
ferent massless sections Physically, this represents a uni-
form beam where the damping is not a function of displace-

4)

tan{as — ) =
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