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1. Introduction

The current-voltage (I'V) characteristic of
a charged object in the wake of another,
larger body in Low Earth Orbit (ILEO) is an
issue that is relevant to spacecraft design and
operation. Deep in the wake of a platform
that is possibly thousands of Debye lengths
across, the plasma density and currents will
be reduced to a fracdon of their values in the
ambient stream creadng conditons where
high voltage power equipment could be
hidden from the plasma or an astronaut on
EVA in polar orbit might become charged by
auroral electrons. The wake charging
problem, as it is called, is difficult to analyze
because plasma currents will remain small
until the object potendal is sufficient to pull
charged particles from the dense plasma
stream across an ion void and, in the case of
ion collecdon, overcome a significant angular
momentum barrier. The wake charging

601

problem has received some attendoa to date,
(Jongeward, 1986) but the use of the
theoretical toois used in that study was
somewhat idealized, and no in-situ
measurements were available to validate the
predictons.

We have begun a series of laboratory
experiments to study the wake charging of a
very negatively biased body. In the present
experimeat, an ion thruster is used to produce
a flowing plasma in a large vacuum chamber.
A 10cm diameter aluminum disk is inserted
into this plasma to produce a wake. A
smaller spherical probe is mounted on an XY
table and inserted into the disk's wake where
its (ion) IV characteristic can be measured as
a functon of locadon and potenual. This
"small beam in a large chamber” approach is
adopted to minimize the effects of charge
exchange ions and the chamber walls.



A common and reasonable goal of a
laboratory plasma simulatdon is to provide
scientific and engineering data that can be
scaled to space. That sort of approach is
limited in this problem because of the size of
the parameter space that determines the
current, /. The minimum set of
dimensionless parameters are expressed,

l =1 (¢’,°‘.R’.R‘.M.D~ )

where @ = eV /kT, ¢ is the electron charge, &k
is Boltzman's constant, T is the plasma
temperature, V is the potential on both the
disk V, and_the probe V,, and
M =Velocity | V2UT/m is the ion Mach
speed of the flow. The R's are radii of the
disk and probe normalized by the Debye
length, Ay =¢ YN /kT¢, and D, =d/hp is
the normalized  separation  distance.
Certainly, if this list is complete, and each of
the parameters are idendcal between two
configuradons, the currents should scale as
well. Less trivial is the sort of scaling where
one asks "how does this scale with thar?",
which is equivalent o knowing the physical
law reladng this and thar, but with a
minimum of 6 parameters, such laws are
actually large families of relations that would
be difficult to use even if known. One way to
enhance the scalability of the laboratory
results is to develop and/or apply a suitable
computer model that can reproduce the
lab~r ory results, and provide predictions
for problems that are not parametrically
idendcal to what was studied in the lab.

The Air Force Geophysics Laboratory
has a 3D computer code, POLAR (P otendal
of Large Objects in the Auroral Region;
Cooke, 1985) to address this and other LEO
spacecraft-plasma interactions. POLAR is a
Poisson-Vlasov code that was written to
model the interactons of large spacecraft
with the LEQ plasma and is somewhat
specific to the space environment. POLAR
can accept chamber plasma parameters, but
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cannot account for many other differences
between chamber and space conditions, such
as ion beam anisomopy and divergence, and
thermo-electric (wall) effects.

A second computer code, MACH, has
also been useful in this invesdgation
MACH (Mesothermal Auroral CH arging;
Tautz, 1987) is a [2D-3V] axisymmemic
program that can perform both chamber and
space simulations with an approach that
differs significantly from POLAR.

In this paper, we describe the laboratory
experiment and compare our results with
both the MACH and the POLAR codes. We
have found reasonable agreement in the
results of the experimental and two
numerical _simuladons. MACH produced a
close march on soucture of both 'ambient’
and the high potental region close t0 the
probe. POLAR's predicted current-voltage
curve for the probe reproduces many of the
curve characteristics. There does, however,
appear 10 be secondary current effects that
neither code predicted.

II. Laboratory Experiment

Our experiments were performed in a
large cylindrical vacuum chamber with a
diameter of 1.7m and a length of 1.7m. An
ion gun (a three-grid Kaufman thruster)
produces a flowing Argon plasma into which
an aluminum disk of radius b =10cm is
inserted. A stainless sweel spherical probe
with radius @ =0.5 cm is placed behind the
disk along the axis of the disk and the ion
gun. The separadon between the ion gun and
the disk is approximately 35 to 40 cm while
the separadon between the disk and the
spherical probe can be varied from | to
15¢cm. The configuradon of the chamber
simulation viewed from the top and the side,
is depicted in Fig. 1.



top view

side view

Figure 1. Configuration of the Chamber
simulation

603

Various Langmuir probes, emissive
probes and retarding potential analyzers
(RPA’s) can be mounted on a XYZ table to
perform three dimensional mapping of
clecton  and ion curmrent densides,
temperatures, and plasma potential For the
ion current collecdon experiment, singly
charged ions are accelerated across a 100V
net poicntial drop to produce the flowing
stream, thea neutralized by electroas from a
bot filament located near the last ion
elecrode. At a rtypical ion current of
I,=32mA and a neutralizing electon
current of [, =35mA, the beam energy is
measured by the RPA w0 be 90eV with a
thermal energy width paralle! to the beam of
T,=10eV. The bcam width (FWHM) is
40cm at.the locaton of the disk and the
com:spondingj plasma density is
N,=10"an™. Using this density and the
T,=10eV produces a Debye length,
Ap =0.2cm, making the disk about 42 Ap
across. The background pressure of the
chamber is normally in the 107" Torr range
and increases to 1 to 2x 107 Torr when the
ion gun is operated. Less than one percent of
the ion species are found to be charge
exchange cold ions with temperature less
than 1 eV. The elecuon wemperature is in the
range of 5 - 8¢V, and the ion Mach number,
M 2 3. Nzar the beam center, the average
plasma potential is 2 to 4 volts above ground
which is in agreement with the plasma
potendal distmbutions calculated by the
MACH code (see secdon V/).

In the present experiment, the sphere is
biased from V,=0 w -10kV and the
collected ion current is measured with the
circuit shown in Fig. 2. A current limiting
resistor R = IMW is employed in the circuit
to prevent current run away at high negadve
voltage with unexpected pressure rise due (o
arcing. The value of the current limiting
fesistor is chosen so thar the [-V curve will



not be distorted at its high~current end.

[ ] t e

Figure 2. Schemartic for Current Collection
in the Wake

An emissive probe is used 10 measure the
plasma potental around the charged sphere
and in the wake of the disk. A small rungsten
filament (1 mil in diameter ) is heated to0
emission with a current of approximately
3mA . A sweep generator is then used 1> vary
the filament bias over a range from <30 to0
30V. When the probe is biased more
negatively than the plasma potental, the
probe will emit. This emission can be
detected by measuring the voltage across a
resistor to ground. As the bias voltage is
swept from negative to posidve, the emission
will approach zero at the plasma potendal.
Using this technique, the potendal around the
charged sphere is measured with an error of
10.2V. The probe has a spadal resoluton of
0.5¢cm.

lll. Observations

In Fig. 3, we show the ion current
collected by the sphere as a functon of the
sphere bias volage when the sphere is at 2
distance of 2,4 and 10 cm behind the disk
which is at ground potental. The current
saturation at high bias voltages is a real
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phenomenon and not an artfact due to the
limiting resistor. The ion current increases
almost verucally at -2.5kV when the
operating neutral pressure is increased to
2c 10 30rr. At such high pressure, the high
voltage can produce significant ionization
which leads to current run away.

Upon careful examination of data such as
Fig. 3, the following phenomena were
observed: (1) There is a threshold voltage,
V.. at which a rapid increase of ion current
to the sphere is observed; (2) V,, increases as
the separation, d, berween the disk and the
sphere decreases (e.g. V, =-2.24kV at
d=2cm and V, =-1.6kV at d=10cm};
and (3) The magnitude of collected ion
current increases as d increases.
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Figure 3. Measured Current collection
versus Separation

Another observadon, not obvious from
Fig. 3, is an ion sumrent relaxaten at
successive sphere  voltage steps, the
relaxadon time ¢, being ftypically a few
minutes. The data presented in Fig. 3 is
obtained by waiting 10 minutes between each
voltage step. Data obtained in this fashion
was reproducible from day to day and with
only minor variadons up to a few months
during the course of this expeniment



However, swept I-V curves with each voltage
step taken less than a few minutes apart (as
in the case of a space experiment) may be
problematc in the high voltage regime. The
current fluctuations may be a result of
reaching equilibrium between various
processes (e.g. secondary electron emission,
sputtering and of outgassing from the surface
of the sphere) as the voltage increases by 20
o S50V (a typical voltage step in our
experiment). It may also be affected by the
high voltage sheath capacitance in series with
the current collecting circuit and the limiting
resistor, R .

The collection of ions in the wake of a
small object, as shown in Fig. 3, can be
understood by studying the high voltage
sheath in the wake of the disk. In Fig. 4, we
-..ow the three-dimensional plasma potendal
contours in the wake when d = Scm and the
bias voltage on the sphere is —5&£V. Because
of the swong potential gradient near the
sphere, the approximately 250 dam points
were taken with as fine a spatial resolution as
possible ("0.5 cm). As the data was taken and
the potential variaton was observed, the
mesh was varied accordingly. Therefore,
most of the data points were taken near the
sphere and the disk where the swongest
gradients occurred. However, when the
plasma potential was less than =10V, the
emission of the probe was so small that
accurate estimates of the potential were
difficult. In addidon, heatdng the probe 0
higher emission greatly reduced the probe’s
lifedme. Hence, the minimum potential
measured was -10V as indicated by the
inner conwur. To insure consistent
measurements, the filament current was held
constant through the entire data set.

The high voltage sheath is approximately
spherical and bounded by the wake of the
disk. If we assume that the ~10V equi-
potendal contour represents the sheath edge,

the sheath thickness (radius) d, increases
from 2 to 4cm when the bias voluge VP
varies from -1 kV w0 -SkV.
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Figure 4. Measured Potential Contours for
-5 KV probe Bias and separationd = 5 cm.
Voltage Contour levels are:

100=T ,00=0,
20=2 ,30=3,
40=4

The most obvious and significant results
of the chamber tests is the observation of a
sudden onset of ion current collection once a
threshold voltage is attained. The magnitude
of this threshold voltage is seen w vary with
the separation between disk and sphere.

IV. Aralysis

Our objective in this experiment, is to
understand the magnitude and the
morphology of the observed I-V curve, and
to validate the computer models. Our
analysis is based on the presumed interplay
between three effects: sheath formation in the
wake, conservation of angular momentum
within the sheath, and the effect of weak
non-radial fields outside of the sheath.

The electric fields reach saturated
stength when the the space charge sheath



that the probe would artain outside of the
wake begins 10 exceed the dimension of the
wake. We claim that a sheath extending
beyond the disk is a necessary but not
sufficient condidon for the current collection
voltage threshoid. Using the Langmuir-
Blodgett (Langmuir, 1924) spherical sheath
model, the sheath thickness can be expressed
as (Parker, 1980):

12
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where a = 0.5 cm is the radius of the sphere
and

»
d, =126, [TT—
where d,, is the thickness of the planar
Child-Langmuir sheath and A, is the Debye
length. For our experiment, using
Ap =023cm and T =T,=10eV gives
d, =3.8cm atV, ==2kV, which is a bit less
than the disk radius b =5Som.
T =T,=10¢V is, however, an overestimate
of the appropriate temperature, since at
V, <V,,itis T that specifies the flux intwo
the wake, and for an idealized beam, T, can
be undefined. The temperature that produces
d,=b is T=55eV, which might be
reasonable. The value of this portion of our
analysis is to identify the interaction of
sheath and wake, and what is required of
numerical tools to properly account for actual
configurations.
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The symmetry of the chamber
experiment suggests that conservason of
angular momentum will be another constraint
on current collecdon. Leaing the radius of
the disk define 1 minimum impact parameter
necessary for collection of the streaming ions
by the sphere, the angular momentum, L;, of
ions relative to the sphers is uutially,
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m;

va 2
L,=b|2— ’ 6)
and at the surface, biased 10 V,,

[ (Eb+eV,)}m
L =a|2——

Serting these equal, conservation requires
that:

@)

m;

E,b%-a}
V, = — = 89kV 8)
ea

using £, =90eV,b =5cm,anda =0.5¢cm.
This voltage threshold is significanty higher
than what is measured. Furthermore, the
angular momenmm argument predicts no
dependence on the separadon between the
disk and the sphere. This arises from the
implicit assumption that the forces acting on
the ion are spherically radial While this is
true in and near the sheath (that is, for most
of the dme the ion is accelerated), it is untrue
near the edge of the disk where the electric
field is more cylindricaily radial as can seen
in Fig. 4, and 9. The electric field sructure is
such that an ion passing near the edge of the
disk will be subjected to0 an impulse directed
cylindrically radially inward. Suppose that
an ion is turned though an angle 6 at the
edge. As Fig. § illustrates, it now approaches
the sphere with an effecive impact
parameter b that is less than b. This
effective impact parameter may be shown to
be:

b’ =bcosd ~ dsinb ®)

Subsdrutng b” for b in Eq. 8 and solving for
V as a function of d gives the results shown
in Fig. 6, for a =0.5cm and b=5cm.
Qualitadvely, the experiment results are
predicted: as the separadon d increases, the
threshold voltage decreases.
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Figure 6. Calculated Theshold Voltage
Versus Probe Separadon

The measured threshold voltages are also
indicated on the figure. The measurements
indicate that if the modified angular
momencm criterion is correct, the deflecnon
of the ions at the edge must be berween
approximately 10 and 25 degrees. We check
this by making the assumption that the
elecrric field near the edge of the disk is on
the order of kT /e Ap. Applying a tme of
flight analysis, where the length of the
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interacton region is L, the angular deflection
is given by )

4
9=m’1[—i] = mn"[ LT ] (10)
v, Ap 2E,

Using Ap =023cm, kT /e =4V,
E,=90eV and L=4cm, Eg. 10 predicts
0=20°

The angular momentum criterion
provides another necessary but not sufficient
bound on the threshold voltage required to
ateract ions to0 a small body in the wake of a
larger body. The cument collection is
however, quite sensitive to the details of the
field sucture, especially near the edge of the
shadowing body.

V. Enhanced Secondary Emission

The magnitude of the ioa current
collected by the sphere would also depend on
several atomic processes occurring on the
surface of the sphere. The first process is the
sputtering of the surface by the energetic
ions. Since the the sphere is biased at very
negative potendal, spuniered ions oc back
scartered ions off the sphere would be
repelled back o the sphere by the ion sheath.
The second process is emission of secondary
clecoons and negative ions whick enhance
the current to the sphere.

Enhanced secondary emission has been
observed from a smongly negatively biased
sphere inserted in an ion beam. Preliminary
results indicate that this cmission may
increase the apparent ion current collected by
the sphere by a factor of 2 - 3.

The enhanced secondary current was
vbserved by placing in a beam plasma the
satoe stainless steel sphere (0.5 cm radius) as
was used in wake experiment just described.
For this measurement, the sphere was



surrounded with a grounded spherical wire
mesh, having a radius of 4.0 cm. The wire
mesh ensured that the ion flux being
accelerated into the negatively biased sphere
was constant and independent of the bias
voltage. In this configuration, the sphere was
biased over the same range of negative
potendal as before, and current recorded.
This curent is the sum of the beam ion
current and any secondary currents being
emitted by the sphere or mesh. Fig 7. shows
the amount of current collected by the sphere
as a funcdon of the bias voltage. It can be
seen that the current rapidly rises for low bias
voitages, rises more slowly just past -500 V,
but rises more rapidly again at bias voltage
greater than -2000 V. This current profile is
consistent with the picture of beam ion
current saturadng near -500 V, and a
secondary process providing  current
enhancement for more negative voltage. For
bias potendals above -2000 V the rapid
increase in the current collection would seem
anomalous since all ions are already being
collected by the biased sphere and the
grounded spherical wire mesh prevents the
expansion of the ion collection sheath.
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Figure 7. Measured Sphere Current Versus
Bias Voliage
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In order to ascertain that this increase in
current is duc to the emission of secondary
particles, a gridded particle energy analyzer
was placed at a radius of 5.4 cmm from the
biased sphere and looking radially inward.
The energy analyzer was biased to reject all
ions and electrons with an energy of less than
70 eV, which is higher than the beam energy
of 20 eV, but less than the energy of a
negative particle originadng from the biased
sphere surface. It was noted that the amount
of current collected by the energy analyzer is
small unal the sphere is biased to
approximately -1500, after which it increases
rapidly. This is the same voltage at which the
current w the sphere starts to increase again.

By moving the energy analyzer
azimuthally around the biased sphere in the
plane of the beam the total amount of
secondary cwrent can be calculated. This
amounts to approximately 50% of the total
current collected by the biased sphere when
the bias is set at -4000 V. This compares
favorably with the amount of current
expected if one extrapolates the saturation
current of the biased sphere to 4000 V. Both
of these measurements indicate that the
secondary current is comparable to the
primary ion current and even exceeds it for
sphere bias voltages more negative than
4000 V.

The energy distribution of the secondary
particles was also measured. Fig. 8 shows
the amount of current collected by the energy
analyzer as a function of the repeller voltage.
The sphere bias was set o -4000 V. The
sharp cutoff of the analyzer current above
4000 V indicates that all of the partcles
coming from the biased sphere have an
energy of 4000 eV. If the electrons (or ions)
weie born anywhere but on the sphere, as in
the ionizadon of neutal gas in the gap
berween the sphere and wesh, a broader
partcle energy distibuton would result.
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Current Versus Bias Voltage

The andcipated secondary eleczon yield
for ion bombardment of stainless
{composition uncertain) is about 10 to 20%
over most of our energy range. The
sputtering yield, however, of the constituent
stainless metals under Argon bombardment
rises t0 values greater than 1 or 2. This
points to sputtering as a possible contributor
to our high secondary current observadons.
Whether ions or clecrons actually carry the
secondary current remains to be determined.

VI. The MACH Code

The MACH (Tautz, 1987) code, derived
from the earlicr program TDWAKE (Parker,
1976), solves the Poisson-Vlasov equations
selfconsistendy on a discrete cylindnical
(R.Z) mesh. MACH solves the Poisson
equation by simple first order differencing
and point successive over relaxation with a
space charge iteraton similar to thzt of
POLAR. A reversed trajectory "inside-out”
method is used to calculate densites and
currents by employing the result of
Liouville’s Theorem, "The distibudon
function, f = f(v.r), is constant along 2a
particle trajectory”. Thus we build up and
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integrate f 1o obtain densides and higher
moments at each node in the grid, by tracing
reverse trajectories to where f is known,
This makes the specification of charged
particle boundary condidons quite straght
forward. This method of obtaining densities
has a fundamental appeal, since there are no
approximations beyond collisionless-ness.
There is a presumption of twajectory
accuracy, and that f can be sampled with
sufficient resolution. We have been able to
improve the resolution and efficiency of the
method by employing a velocity space
topology search, VSTS. At each node,
trajectories are “launched” inidally at coarse
intervals. Intervals are repeatedly halved on
subsequent passes, if inspection of f on the
previous interval indicates that a region
needs greater resoludon. VSTS has
significantly extended the high voltage
capability of the ‘nside-out method, however
velocity space resoluton sull sets the high
voltage limits of the method.

The wall boundary condidons for the
chamber simulations are zero potential and
no emission. The ion gun is represented as a
zero potential boundary emitting a a drifting
Maxwellian ion diswibution. Electrons from
the ncumalizing filement are represented by
an isotropic Maxwellian source. All particles
incident on the probe, the disk or the walls
are assumed to be absorbed.

Possibly the most fundamental difference
berween chamber and space plasma is the
clecron population and in pardcular how
trapped c¢lectrons are modeled. In space, a
collisionless (Vlasov) plasma has n(e) = a(i),
and j(e) >> j(i) whereas our plasma source
produces j(e) = j(i) and n(e) << n(i).
Modeling the plasma with only Vlasov
elecrons results in  violendy unphysical
space charge insubility,. MACH has a
rapped elecaon model in which the ion
space charge creates a potennal well for



electrons, of depth ®. The code assumes that
electrons scatter into this well and establish
an isotwopic equilibrium, with a tcmperature
equal 1o the Vliasov electrons.

For comparison with this experiment
MACH simulations were done with the front
disk at zero potental and the sphere biased o
-1,~3 and -5KV. The scparaton distance
between the disk and the probe was taken to
be d=5 cm. The potendal coatours for the
=5KV case are shown in Figure 9. It can be
scen that the MACH soludons and the
measurements both  comsist of an
approximatey spherical region of high
negative potential centered on the probe
which decreases through zero into regions of
posiave potental where trapped electrons
balance the source ions.

10.0

S0

-10.0

Figure 9. MACH Code Simulation of
Potentials for -5 KV probe Bias and
separation ofd = 5 cm

Voltage Contour levels are:

-100=T ,00=0,
20=2 ,30=3,
40=4

We have perforrned experimentss and
Mach simuladons of the ion gun plasma
without the disk or the spherical probe. For
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our beam, both experiment and simulaton
show a maximum positdve space potential of
about 4Volts with good agreement on the
distribution of potental throughout the beam
region. This can also be observed on the
edges of Figures 4 and 9, although with the
disk and biased probe, the agreement near the
probe is not as good as without

The probe currents predicted by MACH
are shown in Fig. 12. That these are less than
the experimental or POLAR currents is
expected. In the case of the experiment the as
yet unquantfied secondary emission effects
can lead to a large increases in current and
secondary emission is not modeled in
MACH.

Vil. The POLAR Code

POLAR is a self-consistent three
dimensional Poisson-Vlasov code, that
provides sicady swate solutons by iteranng
between potendal (Poisson) and density
(Vlasov) solutions on a cubical mesh. A
versatile set of building clements can be
combined to form complex objects with a
variety of surface materials and electrical
connections. A surface charging module can
be added to the iteratdon W provide the
spacecraft charging response to both natural
and induced charge drivers. The Poisson
solver uses a finite element conjugate
gradient method, with a unique technique of
fillering charge densites to suppress grid
noise, and produce stable solutions. POLAR
calculates particle densities by a method that
divides space into (one or more) sheath and
non-sheath regions separated by a sheath
edge(s). External to sheath regions, densities
are determined by geomewmic ray oacing with
first order electric field correctgons. This
approach has been shown to correcdy predict
wake formadon about the Space Shutde
Orbiter (Murphy etal., 1987). Internal to the



sheath, POLAR tracks ions and/or electrons
to obtain densitdes. The POLAR method of
paricle wacking begins at a sheath edge,
located as an equi-potental, near &T.
External to this surface the plasma
distribudon is presumed to be Maxwellian
with possible flow. Assumning a spherical 7~
poental variadon outside of the sheath
allows one 0 use the usual coastants of
motion and determine the flux and entry
velocity of ions which are assigned w0 a
super-particle and tracked. Densities are
determined from the tme spent in each
volume element, and surface currents from
their final deposidon. When particles arc
repelled, their density is assumed to be
Boltzmann.

POLAR was used to simulate the
chamber experiment, using an octagonal
disk, 9 grid units across, and a single unit
cube for the probe. This is the minimum
resolution that could be used, but higher
resoludon models indicated that it was
adequate. Since POLAR does not wace
trajectories outside of the sheath, the finite
particle beam and walls could not be
modeled The Argon plasma input
parameters were N, = 107 cc™’, kT = 10eV
and the ion Mach number M =3, The mesh
spacing was l.lcm. corresponding to a
Debye length of A, =0.23cm, so that the
disk was 42X, across. The front disk was
held at a bias of V, =-1.0Voir, and the
probe voltage was swept from V, =-05
~5.5kV in a series of runs.

A two dimensional cut through the -5kV
simulaton is shown in Fig. 10, illustrating
disk, probe, shcath and addidonal
equipotental contours. We note that there
are no positive potendal contours which is
reasonable since POLAR does not model the
trapped elecoron populadon. Also shown in
the plot are three out of the approximately
2000 trajectories traced by POLAR. Two of
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these enter the sheath very near the disk and
have sufficiently little angular momentum to
be collected. One majectory missed the probe
and has begun 10 orbit. It has been truncated
for the figure only. These psuedo-trapped
particles pose grear difficulty for any steady
state calculaton, since they contnue to
contribute  space charge as they orbit
indefinitally. In the next Poisson solution,
enough of this charge will cause the sheath to
contract and exclude many of the psuedo-
trapped orbits in the next current cycle. This
may be contolled numericaly, and in
POLAR, the orbit count is reduced unall the
cycle o cycle cumrent flucruadons are
reasonable. Although this phenomenon is
pumerical, it does however point to the
possibility. of osciilatdons on the ion tme
scale.
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Figure 10. POLAR Code Potentials and
Trajectories for -5 KV Probe Bias
Voltage Contour levels are:

-30000 , -1000.0
1000 ,-200=35
-100  , -10

The results of the compice suite of
POLAR chamber runs e smmmanzed in
Fig. 11, where 1n addition o the voltage
sweep, the separation distance between probe
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The companson eTween ese Tiu.li il
the champer measurements = dcligr Lan
expected considenng the lack of aniz xeam
and wall effects. ln pamcwar, there s (.0s¢
agreement betrween the measwrcments and
POLAR's predicted onset for cumrent
collection and the variatdon with separanon
distance. At voltages above onset, POLAR,
as MACH, underestimates the current. Some
underestimate is t© be expected since
secondary emission is tumed off in both
codes. This was done t show just the ion
current since the measurements seem (0
indicate an exotc secondary emission
mechanism.

VIII. Comparisons and Discussion

Our goals in this study were o leam
something about the collecton of current in
the wake of and orbitng body, and 1o
evaluate the effecdveness of our
computational tools for this rype of problem.
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Figure 12. Sipwlation Cuwrents Versus
Experimenzal Currents

Some of the the dissagreement is certainly
related to the unexpectedly high levels
secondary cmission discovered by the
experiment. Secondary enhancement factors
have been taken from the cxperiment, and
applied w the the POLAR and MACH
currents, and are displayed also in figure 12.
In this case, the MACH predictions are now
closer to the experiment and POLAR is t00
high. This is what was expected at the onset
since POLAR includes a contribution from
plasma beyond the extent of the experimental
ion bearn.
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The agreement is worst on the overall
morphology of the I-V curves. Although the
experiment and numerical simulations agree
on the tum-on inflecdon, the subsequent
current rise is missed by both codes. Also
missed was the second inflection at higher
voltage where the experimental currents
sawrate, and the codes do not. This remains
unexplained, but we can speculate on the
cause of this effect.. If the secondary current
is carried by charged sputtered metalic ions,
there would be a significant modification to
the sheath spacecharge. At levels of
secondary emission near the primary current,
the effect would be to cancel some of the
shielding Argon spacecharge and to enhance
the current presuming that it was at least
somewhat spacecharge limited. However, at
the higher chserved levels the surface charge
of the probe would seem w0 ‘come off’
causing the primary ions to sill enter the
sheath but not find the probe. A similar effect
has been noted in the operaton of Hollow
Cathodes in 'ignited’ mode where the bulk of
ionizadon begins to occur outside of the
device in the searby space (Wilber,198S;
Cooke,1988)

Another parameter that has not been
studied, but has been implicated as
significant is the disk potendal The effect of
this has been looked at by Katz etal (Katz,
1987) and found to indeed be significant.

Finally, we have used POLAR to take
this issue to space. Scaling the chamber
simulatons Low Earth Orbit concitons
while keeping the dimensionless vanables
described in section I constant, produced as
andcipated, exactly scaled currents. This is of
limited utility since an object only 40 Debye
lengths (= 40cm) across is quite small, the
scaled voltage threshold was only about
20 Volts, and the velocity was sub-orbital. A
realistic suite of LEO conditon runs has not
yet been completed, but the POLAR runs so

olj

far indicete that for 4 Shuwle sized object
(and 1/10 sized picta), the voltage threshold
should be about a few hundred Volis .

ll. References

Cocke, D.L., and L Karz, "lonization-
Induced Instability i an Electron-Collecting
Sheath”™, Journal of Spaceeraft and Rockets
Vol 25, #2, pp. 132-138, March 1988.

Karz, 1., M Mandell, D E.Parks, K. Wright,
N.H.Stone, and U.Samir, "The effect of
Object Potentials on the Wake of a flowing
Plasma™ J. Appl. Phys. 62(7), Oct 1987,
AFGL-TR-87-0023, 1986. ADA184038

Langmuir,l. and Blodgen K. B.; "Currents
Limited by Space Charge Between
Concentric Spheres,” Physical Review, 24,
July, 1924,

Lilley J.R. Jr., D.1.. Cooke, G.A. Jongward, L
Katz, "POLAR Users Manual®, AFGL-TR-
85-0246, 1985. ADA173/58

Murphy, G., and [. Katz, “The POLAR Code
Wake Model: Comparison with in Situ
Observadons”, J Geophys.Res., V94, pp.
1,450, 1989.

Parker, L.V, “Plusiiesieatn -Photosheath
Theory tor Lage Space Stractures”, in Space
Systems and Theie Interudons with the
Eath’s Space tavueameat, Prog. in Ast. and
Acro. Vol 71, ed by H.B. Gurrer. and C.P.
Pike, 1930.

Parker, L.W., “Coaiputation of Collisionless
Steady-Staiz Flow Past . (_.‘hugcd Disk”,
NASA CR-1 139, 1976,

Tautz, MF., D1.. Cooke, A.G. Rubin, G.K.



Yates, "Preliminary Documentation of the
MACH Code”, AFGL-TR-88-0035, 1987, ADA198956

Wei, R., and PJ. Wilbur, "Space-Charge-
Limited Current Flow in a Spherical Double
Sheath”, Jounmal of Applied Physics, Vol
60, pp. 2230-2284. Oct. 1986

614




	Navigation
	VOLUME I
	Table of Contents
	Preface
	Trends in Spacecraft Anomalies
	Solar and Geomagnetic Activity during March 1989 and Later Months and Their Consequences at Earth and in Near-Earth Space
	Review of March 1989 Solar Activity and Resultant Geomagnetic Storm
	 A Survey of Medium Energy Electrons at High Altitude Based on ISEE-1 DATA
	Charging of Geosynchronous Spacecraft by Variable Intensity Substorm Environments
	Surface Charging of Engineering Test Satellite V of Japan
	Identification and  Solution of a Charging Problem in a  High-Altitude Detector
	Questfor the Source of Meteostat Anomalies
	Sensitivity Analysis with a Simple Charging Code
	Laboratory Studies of Spacecraft Charging Mitigation Techniques
	The Electrical Properties of ZOT after a Long Term Exposure to Thermal  Vacuum Environment
	Active Spacecraft Potential Control by Emission of Weak Ion Beams
	Plasma Sources for Active Charge Control
	Polar Code Simulation of DMSP Satellite Auroral Charging
	Numerical Simulation of the Wake of Non-Equipotential Spacecrafts in the Ionosphere
	High-Voltage Auroral-Zone Charging of Large Dielectric Spacecraft -A Wake-Induced Barrier-Effect Mechanism
	Some European Activites on Spacecraft-Plasma Interactions in Low Earth Orbit
	A New 2 1/2-D PIC Charging Code for Low Earth Orbit
	Charge Accumulation and Ion Focusing For Dielectrics Exposed to Electron and  Ion Beams
	A Threshold Voltage for Arcing on Negatively Biased Solar Arrays
	The Nature of Negative Potential Arcing - Current and Planned Research at LeRC
	Comparasion of Currents Predicted by NASCAP-LEO Model Simulations and Elementary Langmuir-Type Bare Probe Models for an Insulated Cable Containing a Single Pinhole

	VOLUME II
	Space Station Freedom Solar Array Plasma Interaction Test Facility
	SAMPIE - A Shuttle-Based Solar Array Arcing Experiment
	Optical signatures of the beam-plasma interaction during the
ECHO 7 sounding rocket experiment
	Neutral Gas Effects on the Charging of ECHO-7
	Immediate and Delayed High-Energy Electrons due to Echo 7
Accelerator Operation
	Altitude Effects on High-Time Resolution Measurements of Vehicle Charging due to Electron Emission at LEO Altitudes
	A Review of the MAIMIK Rocket Experiment
	Current Saturation of Electron Beam Emission from the SCATHA Satellite
	Dynamics of Spacecraft Charging by Elcctron Beams
	Spacecraft Charging During Electron Beam Injection and Turn-Off
	Three Dimensional Computer Models of the Currents Collected by Active Spacecraft in Low Earth Orbit
	EnviroNET-A Space Environment Data Resource
	Modification of Spacecraft Charging and the Near-Plasma Environment Caused by the Interaction of An Artificial Electron Beam With the Earthss Upper Atmosphere
	Neutral Environment with Plasma Interactions Monitoring System on Space Station
	BEAR Electrostatic Analyzer- Description and Laboratory Results
	BEAR Electrostatic Analyzer-Flight Results
	Sheath Waves on Conductors in Plasma and Their Applications for Low-Earth-Orbit Systems
	Current Collection in a Spacecraft Wake-Laboratory and Computer Simulations
	A Preliminary Spacecraft Charging Map for the Near Earth Environment




