Plasma Physics Lecture Two

2.1. Methods of ionizing air or gas:
2.1.1. Particle Impact lonization.

2.1.2. Thermal lonization.

2.1.3. Nuclear Emission.

2.1.4. Photo or Irradiative lonization.
2.1.5. Electric Field lonization:

(a) Arc Discharge lonization.

(b) Corona Discharge lonization.

2.1.1. Particle Impact lonization:

When an atom is struck by a particle, such as an electron or an ion,
it can lose or gain a charge depending on the amount of energy transferred
in the impact. This energy has to exceed the ionization energy Ei expressed
in eV, where e (1.6 x 10"*® Coulombs) is the absolute value of the charge
of an electron. In the case of electron impacts, the electron can be absorbed
by the atom or it can cause the atom to lose electrons or just excite the
valence electrons of the atom. An electron source is required to generate
enough electrons to ionize the gas and sustain the electrons so that they last
long enough to cause ionization and the electrons have to be accelerated by
means of an electric or magnetic field. Electrons released in the ionization
process can produce secondary ionization if their energies are high enough.
In place of electrons, ions can be accelerated and made to collide with and
ionize atoms. lons are heavier particles and therefore require much more
effort to accelerate to attain the required ionization energy. This can be
done in a particle accelerator or by means of strong electric or magnetic
fields. Nuclear reactions emit ions that have high energies that can be used
In ionization of gases. However this is not a safe approach for a study of

ionization for supersonic flows.
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2.1.2 Thermal lonization:

All matter above 10,000 K exists in the plasma state. And fire is
filled with ions and free radicals. If a gas is heated to suitably high
temperatures the energies of the gas constituents become high enough to
induce ionization within the medium. The requirement of such high
temperatures and the problem of contaminants in air make this an

Impractical approach for this study.
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2.1.3. Nuclear Emission:

Fusion reactions involving hydrogen emit H" and He* ions with very
high energies in the order of MeV. Fission reactions of heavier atoms
release high energy ions that can cause secondary ionization. However,
this method of ionization would not be feasible for a small scale laboratory

study. They cannot be adapted safely for application in a shock tunnel.
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2.1.4. Photo or Irradiative lonization:

An ionisable atom can be ionized by the impact of a photon if the
photon's energy (hv) exceeds the ionization energy of the atom. Ultraviolet
rays, X-rays and gamma rays are preferred for photo ionization. However,
if the photon energy is far greater than the threshold ionization energy, the
probability of ionization decreases. The degree of ionization is also lower
for this method. Due to this fact and also the difficulty in adapting this
technique to work in a shock tunnel, it is not viable for ionization of
supersonic air.
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2.1.5. Electric Field lonization:

This method involves passing the gas in between ionized electrodes.
When the atoms or molecules come in contact with the surface of the metal
electrodes, they lose or gain a charge subject to the polarity of the electrode.
However, the electric field density has to be as high as a few kV/m to
Initiate ionization. The geometry of the electrodes is also important as
electric fields around sharp objects and metallic surfaces with low radii of
curvature are stronger than around blunt bodies. As the intensity of the
electric field is increased, the particles approaching the electrode is ionized
before reaching it. The rate of ionization falls off as the intensity of the
electric field is decreased. It is thought that at higher pressures and
velocities of air, higher electric field strengths will be required. Electric
field ionization is preferred because it is easy to generate and control high
electric fields in the lab. Geometries of the electrodes can be varied and
manufactured as desired. When the intensity of the electric field increases
beyond the breakdown potential of the gas« an arc discharge takes place.
This is characterized by a heavy flow of current through the gas between
the electrodes and high dissipation of energy in the form of heat followed
immediately by a loud exploding sound. Although this method can yield
high concentration of ions and higher charges of the ions (2+, 3+, 4+ or
higher charges), it is not favored because of damage to the electrode and
apparatus, electrode heating, instability of the arcs and the high energy
dissipation. Corona discharge is on the other hand, a low energy discharge
that produces lower density ionization at the cost of a few mW of power.
It is for this reason of low power consumption that this method of
ionization has been adopted for this study

 I: Townsend discharge, below the breakdown voltage. At low
voltages, the only current is that due to the generation of charge carriers in
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the gas by cosmic rays or other sources of ionizing radiation. As the applied
voltage is increased, the free electrons carrying the current gain enough
energy to cause further ionization, causing an electron avalanche. In this
regime, the current increases from femtoamperes to microamperes, i.e. by
nine orders of magnitude, for very little further increase in voltage. The
voltage-current characteristics begins tapering off near the breakdown
voltage and the glow becomes visible.

* II: glow discharge, which occurs once the breakdown voltage is
reached. The voltage across the electrodes suddenly drops and the current
increases to milliampere range. At lower currents, the voltage across the
tube is almost current-independent; this is used in glow discharge voltage-
regulator tubes. At lower currents, the area of the electrodes covered by the
glow discharge is proportional to the current. At higher currents the normal
glow turns into abnormal glow, the voltage across the tube gradually
increases, and the glow discharge covers more and more of the surface of
the electrodes. Low-power switching (glow-discharge thyratrons), voltage
stabilization, and lighting applications (e.g. Nixie tubes, decatrons, neon
lamps) operate in this region.

 [11: (a) Arc Discharge lonization, which occurs in the ampere
range of the current; the voltage across the tube drops with increasing
current. High-current switching tubes, e.g. triggered spark gap, ignitron,
thyratron and krytron (and its vacuum tube derivate, sprytron, using
vacuum arc), high-power mercury-arc valves and high-power light sources,
e.g. mercury-vapor lamps and metal halide lamps, operate in this range.
Glow discharge is facilitated by electrons striking the gas atoms and
ionizing them. For formation of glow discharge, the mean free path of the
electrons has to be reasonably long but shorter than the distance between
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the electrodes; glow discharges therefore do not readily occur at both too
low and too high gas pressures.

The breakdown voltage for the glow discharge depends
nonlinearly on the product of gas pressure and electrode distance according
to Paschen's law. For a certain pressure x distance value, there is a lowest
breakdown voltage. The increase of strike voltage for shorter electrode
distances is related to too long mean free path of the electrons in
comparison with the electrode distance. A small amount of a radioactive
element may be added into the tube, either as a separate piece of material
(e.g. nickel-63 in krytrons) or as addition to the alloy of the electrodes (e.g.
thorium), to preionize the gas and increase the reliability of electrical
breakdown and glow or arc discharge ignition. A gaseous radioactive
isotope, e.g. krypton-85, can also be used. Ignition electrodes and
keepalive discharge electrodes can also be employed. The E/N ratio
between the electric field E and the concentration of neutral particles N is
often used, because the mean energy of electrons (and therefore many other
properties of discharge) is a function of E/N. Increasing the electric
intensity E by some factor g has the same consequences as lowering gas

density N by factor q.
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Electric discharge regimes
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Fig.1. An overview of the different electric discharge regimes possible.
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Corona Discharge

Corona is derived from the French word for crown. Corona has been
known for centuries by mankind, and often had supernatural properties
ascribed to it. In Europe, it was known as St. EImo's fire, named after St.
Erasmus, the patron saint of sailors because it was often seen by sailors as
a bluish-white flame on top of masts and sails of ships, often after a
thunder storm, and was thus seen as a good sign from the gods. It was
reportedly seen by many sailors throughout history, including Julius
Caesar, Magellan, Columbus and Charles Darwin, on his voyage aboard
the H.M.S. Beagle. William Shakespeare even mentioned it in his play
"The Tempest." Corona is also seen on aircraft wing tips, propellers and
antennae. Corona discharge is seen as a faint glow around high voltage
conductors, especially on transmission lines around broken strands.
Corona discharge is used in air purifiers to clean air by ionizing the air.
Ozone is a by-product of corona discharge and it is used to kill microbes
and neutralize airborne contaminants. Corona discharge on transmission
line cause power loss and damage to the conductors and degrade the
insulators. Thus power companies spend large sums of money to detect
corona discharge on transmission lines and prevent them. Corona discharge
on transmission lines has been known to cause radio frequency noise that
interferes with communication signals. High frequency antennas are often
fitted with a ball at the top to avoid ending in a sharp tip that is prone to

corona discharge.
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(b) Corona Discharge lonization:

Corona ionizers use strong electric fields created by applying high
voltage to a sharp ionizing point to move the electrons. Due to the decay
of trace radioactive elements in soil and air, a few free electrons are always
present in the atmosphere. Creation of a high positive electric field
accelerates these electrons toward the ionizing point. They collide with air
molecules and knock out more electrons on the way, leaving behind many
molecules that have lost electrons and become positive ions in a high
positive electric field. This field repels them from the ionizing point,
presumably toward the area where they are needed for charge
neutralization. Similarly, a negative electric field sends free electrons away
from the ionizing point into collisions with gas molecules that generate
more free electrons that are captured by neutral gas molecules near the
ionizing point. The negative ions created are repelled by the negative
electric field.
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