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values of the radius ratio6 X and for Poisson's ratio equal to
0.3.

Comparison of the iterative solutions with the more ac-
curate power-series solution demonstrates the rapid conver-
gence of the approximate solutions. Indeed, the agreement
between the stresses and deflection predicted by the second
approximation is within 1% of the results given by the series
solution. Thus, the second iteration is in essence an ap-
proximate closed form representation of the exact series
solution.
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INSULATOR PROPELLANT

Surface Effects in a Pulsed Plasma
Accelerator

WILLIAM J. GUMAN* AND WILLIAM TnuGLiof
Republic Aviation Corporation, Farmingdale, N. Y.

Introduction

EXPERIMENTAL studies of several pulsed plasma ac-
celerators on a thrust stand showed that a significant

dropoff in impulse as well as changes in the plasma front
velocity and plasma sheet structure could occur during a test
that involves many thousands of consecutive discharges. The
dropoff in impulse has been observed for varying electrode
materials, insulator materials, energy per discharge levels,
propellants, vacuum chambers and background pressures,
polarity of the electrode assembly, initial surface preparation,
and with pinch-type plasma accelerators as well as coaxial
configurations (see Fig. 1).

The mechanisms responsible for observed changes that
occur during continuous operation of the accelerator have
been found to be related to the following surface effects:
1) outgassing of absorbed and adsorbed gas; 2) mass re-
moval from the electrodes and insulator assembly due to the
various erosion effects as well as the contribution of mass from
loose particles, organic monolayers, and foreign matter such
as trapped moisture, dust, etc.; 3) resistive changes due to
thermal, chemical, and metallurgical changes at the electrode
surface and deposition of ablated insulator material; and 4)
viscous boundary-layer and current boundary-layer effects.

This note will present and discuss the techniques and some
of the results of the experimental studies that have been car-
ried out for evaluating items 1 and 2.

Studies Pertaining to Outgassing

Experiments carried out with the same initial electrode and
insulator surface condition indicated that the magnitude of
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Fig. 1 Some representative impulse data.

the impulse of the first few discharges of a test series could be
changed appreciably by methods that affect the level of out-
gassing prior to data taking. For example, it was found that
the impulse measured after a device had been operated
several hundred consecutive discharges could be raised
roughly 10 to 40% by venting the vacuum chamber to at-
mospheric pressure for periods less than 1 hr. Similarly, it
was found that heating the accelerator in the vacuum en-
vironment to a temperature of about 640°R prior to opera-
tion would lower the initial impulse by roughly 18%. Pres-
surizing the interelectrode spacing at 70 psi for a period of
16 hr prior to evacuation and operation raises the initial impulse
levels by roughly 10%.

A device was installed on the thrust stand which per-
mitted data to be obtained on the quantity of gas driven off
by outgassing during pump-down and during operation of the
accelerator and which also permitted the electrode-insulator
assembly to be isolated from oil vapor contamination during
the pump-down cycle. This device was a remotely controlled
capping mechanism that sealed off the interelectrode spacing
from the vacuum chamber. Figure 2 shows the accelerator
on a thrust stand with the capping mechanism in the with-
drawn position, thus permitting accelerator operation. Figure
3 shows the capping mechanism sealing the interelectrode
assembly from the vacuum chamber. This technique per-
mitted evaluation of only that gas which is evolved from the
surfaces in contact with the electrical discharge. Unlike
weighing procedures, the accelerator is not handled, and the
measurement could be carried out in the vacuum environ-
ment at any particular moment of interest.

To determine the quantity of gas desorbed during pump-
down, the interelectrode spacing is sealed by the remotely
controlled cap immediately after the normal evacuation

Fig. 2 Capping mechanism withdrawn.
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cycle. The vacuum chamber is then vented to the atmos-
phere. The interelectrode spacing is then also very briefly
vented to the atmosphere through a bellows-type valve.
The outgassed interelectrode assembly subsequently ab-
sorbs some of the gas that is trapped in the interelectrode
spacing, thereby lowering the pressure of the air trapped in
the interelectrode spacing. Knowing this pressure drop and
the total volume of the interelectrode assembly, one can de-
termine the quantity of gas absorbed. Carrying out the same
procedure after any desired number of discharges of the
accelerator permits one to determine the additional amount
of gas removed because of accelerator operation. Figure 4
shows the quantity of gas absorbed as a function of time after
pump-down and after operating the accelerator for 50 and
3600 consecutive discharges. The amount of gas absorbed
after accelerator operation is the difference between the
pump-down curve and the curve obtained with the accelerator
in operation. For the particular device tested, this amount
could exceed 10~6 Ib within a relatively short period of time.
This is roughly an order of magnitude larger than the quan-
tity of gas injected per discharge. From Fig. 4, one can see
that an outgassed electrode can absorb air for as long as 80
hr. This amount usually depended on how "deeply" the
assembly was outgassed and on the length of time the as-
sembly was allowed to absorb air at atmospheric pressure.

This capping technique also permitted a check to be made
on the effect of oil-vapor contamination. Using the water-
break test/ it has been established that oil-vapor con-
tamination exists. Since the water-break test is sensitive to
a monolayer of organic contaminants, oil-vapor contamina-
tion to within a monolayer could not be ruled out. Since the
impulse and its variation were substantially the same, inde-
pendent of whether the interelectrode spacing was exposed
to the vacuum chamber or sealed from it by the cap during
pump-down, it can be deduced that oil-vapor contamination
cannot account for the observed impulse dropoff. The
available evidence points more strongly toward the effect of
outgassing.

Erosion Studies

Since measurements have shown that large quantities of
gas are rapidly absorbed by an accelerator after its removal
from a vacuum environment, it was concluded that erosion
studies based upon weight measurements of the accelerator
components could not be considered reliable. The technique
developed to determine erosion involved the use of two sets of
the insulator-electrode assembly. These were weighed dif-
ferentially against each other before accelerator operation.
One of these sets was installed on the accelerator, whereas the
other set was placed in the vacuum chamber. After ac-
celerator operation and a cooling period in the vacuum cham-
ber, both sets were removed and again weighed against each
other. It has been observed that the new weight differential
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Fig. 4 Quantity of gas absorbed by electrode-insulator
assembly.

remained constant within 0.0003 g for a period as long as 80 hr
after removal from the vacuum chamber, even though both
sets individually absorbed quantities of air several orders of
magnitude larger than this constant weight difference. This
constant difference in weight between the two assemblies was
taken as the more reliable measure of the erosion.

A typical test carried out over 25,300 consecutive dis-
charges provided the following data. The anode ablated the
most. Its weight change was 0.022%, or the average total
depth of erosion was 13.7 X 10~5 cm. The mykroy insulator
was intermediate in ablation. Its weight change was 0.004%,
or the average total depth of erosion was 5.65 X 10~5 cm.
The inner electrode, the cathode, eroded the least. It under-
went a 0.001% weight change. Its average depth of erosion
was 1.13 X 10~5 cm. The average mass eroded per discharge
was found to be of the order of 3.77 X 10~9 Ib. This is
roughly two orders of magnitude less than the total amount of
neutral gas injected per discharge.

The contribution of surface effects to the discharge mecha-
nism during prolonged periods of operation can appreciably
affect the long-time performance of a pulsed plasma ac-
celerator.
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A Flutter Design Parameter to
Supplement the Regier Number
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Introduction

THOSE in the field of aeroelasticity realize the com-
plexity of determining a solution for flutter and dynamic

response. The}' have long st rived for approximations and
trends of the solution in terms of design parameters for use
in design evaluation. One parameter that has been indicative
of the trend of the flutter solution is the Regier number;
this number is a nondimensionalized measure of the torsional

Fig. 3 Capping mechanism engaged.
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