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T ¢/ - H.83 v 10 J/N x 10 4 s 10 se¢

- L\
for negatively charged particles, and

)

12,6 v 1077 w10 soc

T, - &0, - ¥.85x 10
for positively charged particles. It is assumed that the ncgative
particle is neutralized by forcing clectrons to the walls of the chamber,
and that the positive particle is neutralized by forcing positive ions

to the walls; thus, electronic conductivity applies to negative particles
and fonic conductivity applies to positive particles. In either case,
however. the charged particle is effectively neutralized within a fow
microseconds after it is released in the combustion gases. Since the
exhaust velocity is only a few millimeters per microsecond, it appears
that even a positively chargrd particle will be discharged by the con-

ductivity of the gases before it has traveled more than a few centi-
meters.

On the basis of this analysis, it would appear that any mechanism
which postulates a free charge being injected into the combustion gases
and carried out by the exhaust is invalid. All of the mechanisms that
have been proposed would, therefore, be invalidated, except the electron
diffusion mechanism which relies on expulsion of part of the positive
ion sheath formed at the walls of the nozzle. But the electron diffusion
theory, as presently formulated, can only account for negative charging,
and there is now ample evidence that positive charging, as well as nega-
tive charging, occurs on rocket motors. A reappraisal of the charging

mechanisms and the above analysis is, therefore, obviously in order.

It is appare't, for examplo, that a lower electron density in the
combustion plasma would contribute to a longer life for charged parti-
cles injected into the plasma. The typical values given above for the
combustion chamber do not .apply to the nozzle exit plane. At the exit
Plane, the electron density may be as low as 10° cm”2, Although the
collision frequency wtllfll-o be reduced at the exit plane, the net

change in electronic and fonic conductivity mey be l-to-2 orders of

43



maps i Ll Me dastance travelled by a pusitively charged particle
betore 1t as neutralized mav theretore vary (rom soveral tenths ol a
meter to as much as a tew meters. If the particle LIs injected near the
extt plane, therctore. it may cllectively cscape belore it is neutral-
tzed.  Even with such an incrcase in discharge time, however, negative
particles would be clfectively discharged Lefore they have moved more
than a tew millimeters., lHence, this éonsndoratlon makes negative
charging (v ejection ol posttively charged particles) by mechanisms
other than electron diftusion appear feasible, but it does not make

anv ol the positive charging mechaniyms acceptable.

It is also important to recognize that the discharge time compu ted
from Eq. (6) does not take into consideration the motion of the ionized
gas. For a particle in thé combustion chamber, this motion would not
be important. Near the rim of the nozzle, hoYever. all of the neutral-
ifzing current must flow upstream to reach thofnozzle. If the flow
velocity 1s greater than the drift velocity of the electrons or ions
under the influence of the field produced by the charged particle, the
parricle cannot be neutralized. The drift velocity of an ion under the

influence of an electric field E is
v - KE (7

where K is the ion mobility given by K = e/le. For a positive ion at
the exit plane. the mobility is of the order of 10-4. and for an electron
at this location the mobility is of the order of 1071 mz/volt-socond.

An exit velocity v meters per second in the boundary layer thus corre-
sponds to a field strength of 104v V/m for positive ions and 10v V/m for
electrons. That is, if the field strength in the region between the
charged particle and the vehicle falls below these values, some of the

charge associated with the particle will be removed by the windstream.

Consider, for example, an electron or ion that is created near
the rim of the nozzle. The maximum free space field at the nozzle (on
a neutral vehicle) is o/2n¢°r2 due to the charged particle. If this
field i« lcss than the "wind field" v/K, the particle can escape. The
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FIG. A.7 MOTOR, DIFFUSER, AND IGNITER CURRENTS MEASURED IN VARIOUS CONFIGURATIONS

If allowance is made for the fluctuations in the currents some

conclusions can be drawn from the test results shown in Fig. A-7,

From

Fig. A-7(a) it is apparent tﬁnt a large circulating current flows in the

igniter-motor loop, since currents of the order of 20 uamp flow in this

loop, while the net charging current is only 1 uamp.

In the course of

these cxperiments it was noted that the curreat in the igniter lead was

always of such a direction as to suggest that the igniter was emitting

electrons.

Since the igniter is in the combustion chambeor of the motor

where its temperature may be quite high, it has been hypothesized that

the igniter was thermionically emitting electrons into the combustion

chamber plasma to produce the large circulating current,.

It is

inter-

esting to note that this electron emission within the combustion chamber

produces only large circulating currents and does not affect the net
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charging current Lo Lhe systonm, [Tho net charging curreatl is 1 pamp in
Fig. A-7(a).] Thus, on the onc hand, the electrons emitted by the ig-
witer are not carriod out of thu system by the exhaust gases, but, on
the other hand, an attempt to meiuure the motor charging current with
the igniter grounded (e.g., aw in Figs. A-7(n) and (b)], would lead to

a motor charging current an order of magnitude too high.

In Pig. A-7(b), the diffuser was disconnected and allowed to float.
Here it is noted that isolation of the diffuser does not appear to have
much influence on the current circulating in the igniter-motor loop.
The net charging current in Fig. A-7(b) is in the same direction as in
Fig. A-7. This again suggests a net collection of electrons by the
motor uad igniter in Fig. A-7(b), in spite of the apparent emission of

electrons by the igniter.

In Fig. A-7(c), the igniter was disconnected and allowed to float.
Note that the current in the motor line, which was over 20 uamp when
the igniter was connected, was reduced to only 4 microamperes when the
igniter was disconnected. Also of interest is the direction of the
currents in the motor and diffuser lines in Fig. A-7(c), since the
direction of flow suggests that part of the current in the motor line

is produced by a circulating current in the diffuser-motor loop.
i

In Pigs. A-7(d), (e), and (f), the three line currents were
measured individually with the other lines dtﬁconnectod and floating.
Note that the igniter again appears to be oﬁitttng electrons, but the
electron current is much lower in Fig. A=7(d) than it is in the cases
where an external path is provided for current circulation. Also of
interest, is the fact that both the motor and the diffuser collect
electrons from the combustion plasma, as would be predicted on the
basis of electron diffusion theory, when acting individually as in
Figs. A-7(e) and (). 1In comparing Fig. A-7(f) with Figs. A-7(a) or
(¢), however, it is noted that when a loop is formed by connecting the
motor line to the diffuser line, the direction of curreat flow in the
diffuser line i. reversed. This fact tends to reintorce the validity

of the suggestion made above that the diffuser current in Fig. A-7(c)
is a ciroculating component,
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FIG. B.4 MOTOR POTENTIALS MEASURED DURING STATIC FIRING

which the motor charged the upper plate of the test fixture is plotted
as a function of time. As indicated in Fig. B-4(a), the potassium
seeded motor charged to lli‘ﬁtly over one kilovolt (positive) during

the first second of burningifhd remained at that potential. The motor
apparently extinguished abruptly, since the upyer plate of the test
fixture remained at the 1.4 kilovolt potential' for several minutes after
burnout (in fact, the fixture remained charged until it was manually
discharged by touching a ground wire to the upper plate) whereas on

some of the subsequent tests, some of the charge was dissipated by smoke

or slow post-burning combustion.

The charging characteristic shown in Fig. B-4(b) for the aluminized
motor was even more surprising than that obtained for the potassium
seeded motor. It had been anticipated that the ionized exhaust plume
would tend to limit the potential to which the motor would charge, but
it was not suspocted that the potential would be limited to such low
values. As the figure illustrates, the motor potential was barely
detectable at the field meter sensitivity levels used in this experiment.
(A1l of the charging characteristics shown in this section are direct
reproductions from the original data recordings.) It should also be
noted that the aluminized motor charged to positive potentials, as did
the potassium seeded motor.
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