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Abstract
The Coronal Mass Ejection In-Space thruster is a new plasma thruster design
that attempts to replicate solar plasma ejection events. Plasma thrusters
present an alternative to the inefficient and heavy chemical rockets often
used in space today. By accelerating plasma using electric and magnetic
fields, these thrusters may be capable of generating much higher exhaust
speeds compared to chemical rockets, are more efficient, and may be
activated for longer periods of time. The Coronal Mass Ejection (CME) InSpace Thruster System draws inspiration
from the physics of the Sun’s ejections of
Large quantities of plasma at very high
velocities during CME events. It is
believed that this phenomenon is caused
when oppositely directed magnetic field
lines looping over the surface of the sun
reconnect, releasing energy and ejecting
an unconnected magnetic field carrying
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plasma with it. Using a toroidal chamber
of a Coronal Mass Ejection.
wrapped in current-carrying wire and a
Image courtesy Nasa.gov.
helicon plasma source, we are able to
generate a strong axial magnetic field that will bulge through an opening in
the torus. This should generate successive magnetic reconnection events and
eject plasma through the gap in the tube. Individuals from the University of
Washington Advanced Propulsion Lab and Eagle Harbor Technologies are
investigating whether these projected effects will occur in a way that
generates useful thrust. I have focused on MATLAB modeling of this thruster
and attempting to optimize it to our specifications and resources. The
outcome of this CME thruster experiment could present new design
opportunities in the field of plasma propulsion.
Right: Coronagraph taken by
NASA’s Solar and Heliospheric
Observatory (SOHO) showing a
coronal mass ejection. Image
courtesy Nasa.gov.

When plasma is inserted into the toroidal magnetic field, a field aligned
current will be created along the axis of the torus. This current will in turn
create its own magnetic field directed around itself. It is known from pervious
experience that the kinking event of interest will occur when the magnetic
energy density of this poloidal magnetic field (Bp) plus the plasma pressure (p)
in the torus is on the order of the magnetic energy density of the toroidal
magnetic field (Bo).

Theory and Advantages
Scaling the Toroidal Magnetic Field
The toroidal magnetic field (created by the current-carrying coils around the
torus) was scaled assuming that its magnetic pressure will be equal to the
plasma pressure in the torus. (eq. 1)
(eq. 1)
The number density (n) under the helicon was known from previous
experience to be approximately 10-19. Knowing that the ionization energy for
this system is about 100 eV, the temperature of the exiting particles was set
at 1000 eV. This will allow particles to leave the thruster with 10 times the
initial ionization energy, increasing the efficiency of the system. These
parameters scale the toroidal magnetic field to approximately 0.05 T. It was
decided that the coils should be constructed with a target field of 0.1 T to
allow for field flexibility during testing.
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(eq. 2)
From eq. 2 the magnitude of the poloidal current could be determined, which
scaled to 10 kA. It is known from previous research that this current drive
should be possible using this system.
Possible Advantages
• Variable power: This would mean that the input power would only control
the time it takes for the reconnection event to pinch off (by generating a
magnetic field that satisfies the conditions in eq. 2), and not scale the amount
of plasma ejected, the ejection velocity, or the ISP.
• No Cathode: Unlike many other ion thrusters being created today, the CME
thruster would require no cathode to neutralize the exhaust. The CME system
will eject bundles of the entire plasma, which has a neutral net charge.
• Gas efficiency: Because of the toroidal shape of this thruster, particles will
spend a greater amount of time inside the tube than in a traditional linear
thruster. As a result, there is more of a chance that each particle will become
ionized before it is ejected in a reconnection event.
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Physical Construction
• The body of the torus is made
entirely of glass, including the tube
and gap opening.
• The mouth of the gap opening is
a glass dome that the tube of the
torus feeds into, allowing the
plasma to be ejected.
• A structure is currently under
construction to support this torus
and the current-carrying coils that
wrap around it.

Optimizing the dimensions of the torus
• MATLAB computer models of the
magnetic field strength, magnetic field lines,
and magnetic flux in and around the currentcarrying wire.
• In particular, the magnetic field strength
model was manipulated to produce a
magnetic field of 0.1 Tesla through the tube
of the torus. This was achieved using
reasonable dimensions with 100 wire turns
and 1 kA of current.
• Additional coil designs near the gap of the
torus to prevent a dramatic loss in magnetic
field strength over the break, which would be
detrimental to plasma ejections.

Left: A coronal mass ejection
captured by space telescope
SOHO in 2007. Image courtesy
of Nasa.gov.

Additional coil scheme

No additional coils

• Both color contour and line plots were
manipulated to examine how the magnetic
flux changes over the gap compared to a
solid section of the torus. It was estimated
that a loss of less than 20% Weber at 1 cm off
the axis of the torus will prevent plasma from
discharging too frequently.
• Line plots describe the magnitude of the
magnetic flux 1 cm off the axis of the torus
on either side (along white dotted lines), first
without any additional coils added, then with
the 1st coils stepping out from the gap
quadruple-wrapped, the second triplewrapped, and the third double wrapped.

Above: Solidworks drawing
of the in-progress support
structure. Left and right:
The one-piece glass torus
with gap and plasmaejection bulb.

Above: Three-dimensional view of a
map of the torus’ magnetic field.

Future Work
• Continue construction of
the CME thruster and coil
support structure
• Run preliminary tests in the
UW Advanced Propulsion Lab
vacuum chamber

Below: Color plots of magnetic field
magnitude with no additional coils
and with additional coils added.
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