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CHAPTER 4

EXPERIMENTAL RESULTSOF
THRUSTER PLUME IMAGING

4.1 Imaging plasma plumeat | =4500 Aand B=0mT

As previously reported in the chapter 2, the quangidficiency of the
CCD camera has got a peak of 40% at 500 nm. Solighe recorded
comes predominantly from singly ions argon emisslanorder to collect
only the light for which the plasma is opticallyiththe camera is used
coupled with a high pass filter, centred over tlav@ength of 646 nm. So,
the greater part of ions emissions are below treatetength and the filter
stops them.

In this section, the results of the plume imaging presented for
thruster working condition of discharge current 5600 A and without the
applied magnetic field. Only the stationary phaselserved.

In the following, the exposition time will be deedt as 4, and the
delay time respect to the trigger eventsa3he trigger event is fixed at the

beginning of the rising edge of the current.
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In the figure 4.1 the plasma plume observed wjfh= 10 us and § =

0.5 ms is shown.

Figure4.1 - A close up image of the plasma plume observéd 8000 A and
B = 0 mT with ¢, = 10us andty = 0.5 ms.

Any particular structure is evidenced. This resséiesms to be in accord
to the fact that in low pressure case the dischigrgpatially uniform.
In order to observe the arising of arc attachmentshe anodic straps,

the camera objective is focused into the moutthethruster.

Figure4.2 — Image of the thruster mouth recorded with
texp= 100 ns andy = 0.5 ms.
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The resulting image with,, = 100 ns andqt= 0.5 ms is shown in the
figure 4.2. These spots are distributed on the &isolface of the straps.
The most intense are mainly located in correspocel@f the connection

strews.

4.2 Imaging plasmaplumeat | = 7500 A and B=0mT

Start-up phase

During the start-up phase a plasma shockwave comingrom the
mouth of the thruster is clearly visible. This isegent in all the
observations made, even if it does not assume articplar shape. In the
figure 4.3 an image of the plasma plume recordethduhe start up phase

with tey, = 6 s and § = 50ps is shown.

Figure 4.3 — Image of the plasma plume recorded with
texp= 6 15 andty = 50 /5.
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Regime phase

During the regime phase of current, as shown infidpere 4.4, no
particular structure in the plasma plume is obdae/al' here are some non-
uniformity in the region near the outlet of theuster. Particles (probably
copper due to electrode erosion) coming out from tthruster are also

visible.

Figure4.4 - Plasma plume in regime conditions recorded
With texp=5us and § = 1 ms.

Figure 4.5 - Image of the thruster mouth recorded with
texp= 100 ns andy = 0.5 ms.
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As performed for the low current working conditiprthe camera
objective is focused into the mouth of the thrusteobserve the arising of
arc attachments on the anodic straps. The resuttiage is shown in the
figure 4.5. The total amount of spots on the aneddaces increase
considerably with the discharge current and ar&ibliged on the whole
surface of the straps. As before, the camera id osepled with the same

high pass filter.

4.3 Imaging plasmaplumeat | =4500 A and B =80 mT

Start-up phase

When the impressed magnetic field is applied,vitsble, as shown in
figure 4.6, a weak “clot” that is expelled by tinguster during the start-up
phase. Due to its weak intensity, it is not possitd verify a possible

periodicity of this structure.

Figure 4.6 - Image of the plasma plume during the start-uasgh
With texp= 8 us and § = 75 us.
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Observing the figure 4.6, it seems the “clot” dragmme plasma
filaments, which wrap themselves up as helicoidbctures. Their
thickness changes, but, they don’t reach the “dpttial dimension that is
of 8 - 10 cm. Other filaments are observed in tepheral region.

Regime phase
Both the central and peripheral filaments obsemhadng the start-up

phase persist also in the regime condition, as shoviigure 4.7, in which

the plasma plume with,}, = 8us and § = 1 ms is observed.

Figure4.7 - Image of the plasma plume during the regime ehas
With texp= 8 us and § = 1 ms.

The central filaments have a spatial dimensionbolua 3 — 6 cm that is
exactly the same of the structures following thet during the start up

phase. Due to their weak intensity, the plasma esadp not consent to
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express any hypothesis about their rotation. Asedesl in figure 4.4,

particles coming out from the thruster are clesijble.

4.4 Imaging plasma plumeat | =7500 A and B =80 mT

Start-up phase

At high discharge current values and with the exkemagnetic field
applied, the same “clot” previously described isiagvisible. The figure
4.8 shows a plasma plume image during the staphage withd, = 10pus
and delay¢= 75us.

Figure 4.8 - Plasma plume during the start-up phase
with texp = 10 us and delayt= 75 us.

Respect to the low current case, this “clot” is enevident. It looks like
formed by a central region with high density anghhtemperature and an
external boundary. It is not possible to verify@sgible periodicity of this

structure. The velocity of the “clot” is estimatied means of the possibility
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of the CCD camera to perform a double expositiome Two frames are
saved together in the resulting final image. A egloof about 3.32 km/s is
found. This velocity is about ten times lower thhe gas velocity.

Again, observing the figure 4.8, it seems the “ctbags some plasma
filaments, which wrap themselves up as helicoidlcsures. Their
thickness is lower than the “clot” spatial dimemsibat is of about 8 - 12
cm. Other filaments are another time observedemtripheral region.

In order to understand if any correlation existéwaen the plasma
filaments observed and the spatial distributiorthef impressed magnetic
field lines, an electromagnetic code has beerzatlli The discretization of
the geometry domain is carried out by means ohitefielement method.
The results are presented in figure 4.9, wherectimeputed field lines are
overlapped to the real image recorded with expmsitime of t,, = 5pus
and delay of = 100us.

Figure 4.9 - Plasma filaments with,4, = 5 us and delaygt= 1004s. The peripheral
filaments follow up the lines of the impressedlifi#glhe computed field lines are
overlapped to the real image.
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From the figure 4.9, it appears clearly that theipberal filaments
follow up the lines of the impressed magnetic field

Regime phase
Also in the regime condition, the central and peenal filaments

observed during the start-up phase are visible. fiuge 4.10 shows the

plasma plume withf, = 2.5us and § =1 ms.

Figure4.10 - Image of the plasma plume during the regime ehas
With texp=2.5us and §= 1 ms.

The central filaments have the same spatial dimensf about 3 — 6
cm. From the observation of various images recondid the identical
exposition time and delay time of figure 4.10,00ks like that the central
filaments turns around over the thruster axis. Agparticles coming out

from the thruster are clearly visible.
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