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Physicists gain understanding of how bubbles
at the edge of plasmas can drain heat and
reduce fusion reaction efficiency

October 19 2017
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PPPL physicist Michael Churchill. Credit: Elle Starkman
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To fuse hydrogen atoms into helium, doughnut-shaped devices called
tokamaks must maintain the heat of the ultrahot plasma they control. But
like boiling water, plasma has blobs, or bubbles, that percolate within the
plasma edge, reducing the performance of the plasma by taking away
heat that sustains the fusion reactions.

Now, scientists at the U.S. Department of Energy's (DOE) Princeton
Plasma Physics Laboratory (PPPL) have completed new simulations that
could provide insight into how blobs at the plasma edge behave. The
simulations, produced by a code called XGC1 developed by a national
team based at PPPL, performed kinetic simulations of two different
regions of the plasma edge simultaneously. This ability produces a more
fundamental and fuller picture of how heat moves from plasma to the
walls, potentially causing damage.

"In simulations, we often separate two areas at the plasma edge known as
the pedestal and the scrape-off layer and focus on one or the other," said
PPPL physicist Michael Churchill, lead author of a paper describing the
results in the journal Plasma Physics and Controlled Fusion. "XGCl is
unique because it is able to simulate both regions simultaneously, using
kinetic 1on and electron equations. In fact, it is important to include both
regions in simulations because they affect each other."

Simulations allow scientists to explore plasma, the fourth and hottest
state of matter in which electrons are separated from atomic nuclei,
without running physical experiments that could be costly. They also
sometimes provide insights that physical experiments do not.
Simulations of turbulence at the edge of the plasma, near where the
plasma approaches a tokamak's interior wall, are particularly important.
The more that scientists understand such turbulence, the better able they
will be to prevent moving blobs of plasma from forming in the plasma
edge. If not controlled, these blobs could drain large amounts of heat
from the confined plasma, and possibly either damage plasma-facing
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components or hinder the fusion reactions.

The XGC1 code simulated plasma in high-confinement mode, or H-
mode, a set of conditions that helps plasma retain its heat. In H-mode,
the results showed, a large number of blobs form between the pedestal
and the scrape-off layer, two conditions near the edge, and move towards
the outer edge, crossing the magnetic field lines as they go.

Blobs play an important role in the outward movement of particles in
plasma. Blobs cause approximately 50 percent of the particle loss at the
plasma edge, and researchers have observed blobs in a wide range of
plasma devices, including tokamaks, figure-eight-shaped fusion devices
known as stellarators, and linear machines. "The big picture is that blobs
can pull energy and particles out of the plasma, and you don't want that,"
Churchill said. "You want to keep things confined."

More information: R M Churchill et al, Pedestal and edge
electrostatic turbulence characteristics from an XGC1 gyrokinetic
simulation, Plasma Physics and Controlled Fusion (2017). DOI:
10.1088/1361-6587/aa7c03
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