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Abstract

Numerical study is applied to the mercury-argon mixture by solving the

Boltzman {ransport equation for different mixture percentage.

The mixture parameters such as electron distribution function, D/, excilation

rate and ionization coefficient which are plotied as a function of I/N.( Values of the

ratio of the electric field, E to the gas number density). The results show a good

apreement with available experimental and theoretical data.

Introduction

The electron energy distribulion 1s
an important function of E/N (the ratio
of the electric ficld to the gas number
density). A theoretical and practical
study of the electron swarm kinetics in
gases explain how the determination of
electron energy distribution and gives
the ways how the elecron loss it’s

energy in collisions for electron-gas

type [1-8].

The low values of EN lead to
encrgy loss due 1o clastic collisions
witlr the gas. Hlence the electron energy

distribution, and velocity would be
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found from the change in the
collision ¢ross scction for momentum
ransler Qg (2) with cnergy €. Using

Boltzmann equation, the wansport

parameters would be determined which

is of good agreement  with

experimental values [15]. These would
the sections  for

predict Cross

momentum low

[9].
therefore,

transfer Qg(e) at
This contnbution 1s,
important,

enerpies are also low for the dircet

values

since lhese

measurcments  for collision  cross

sevtions. When YN incrcases  the

swarm energy  increases, and the

inelastic scattering becomes important.

The cross section  values  for
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momentum transfer were deduced from
scientific data, which would achieve or
predict the inelastic cross sections.
High intensity discharge (HID),
also known as gas discharge, oflcrs
many technique  advantages over
conventiona! halogen Jamps, such as

higher colour temperature heat and

considerably longer Jife [10-11].

Theory

The main  objective  of
Boltzmann transport . equation is to
predict  this  distribution  which s
expressed as {(r,v,} The behavior of
electron  interactions  with  pas
molccules are governed by the
distribution in space, energy and time
ol the clectrons in the pure gas and/or
in a mixture of gases.

The  prediction  of  this
distribution function can be doné by
solving the electron transport equation
which is often called the Boltzmann
transport equation. The general form of
the Boltzmann transport equation may
he writien as [12-13]. |
(DAY v . VT 1 (eli/m). V) [(rv) =
(Offa) collisions
or

(offgny + vvr f 4+ a. Vv [ =

> ”ll‘f'(\“,f,t) B (V) - [yt T
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(V n,03* vij 05 (0, vy) dQ de

Where:
a = (eE/m) is the acceleration of
charged particle.
FF; = The velocity distribution {unction
of the neutral specics j.
vy = [v—V|| relative velocity of charged
particle with respect to the
neutral species of gasj.
v = The velocity of charged particles.
V; = The velocity of neutral species J.
i (0, v} = The differential
mMICroscopic cross
seclion of the
interacting charged
particles with neutral
species .
dQ); = sin0 dO d¢ the element of solid
angle, where 0 and ¢ are the
polar and azimuthal a:.lglcs,
respectively.

The left hand side and the right
hand side of the above equation
describe how f{(r, v, t) changes by
virtue of the independent
(collisionless) motion and because of
binary collisions ol charged patticles
with ncutral particles, rcspcqiivc]y.

The physical meaning of the
individual terms can be eﬁ(plaincd as

follows:
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(offor) = states that f(r,v,t) changes
wilh time at {ixed values of v and r.
v.Vr [ = describes that part of the
chahge due to the free motion of
charged particles where some of them
leave tlie vicinity of r and other move
in.

a.Vv [ = describes that ‘part of change

due to an external force altering v.

F; = describes the loss of charged
particles having velocities in
the vicinity of v by collisions
with neutral of velocity V.

Fj’? describes the gain of electrons
into the velocity region around
v by collisions of charged
particles of velocity v' with
neutrals of velocity Vj'.
However, the right hand side of

the Bollzmaun-cqualion attributes all

of this change to binary collisions,

- The  electron  distribution
function , {(r,v,t) is approximated by
f{v) because it is assumed that the
electric field is mdependent of space
and time and the problem of electron
unilorm.

interactions  is  spacially

However, the wvelocity dependence
distribution function can be
represented by the Legendre series

expansion {14}
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The Rcsﬁlts and C011cll|$i0n

The Figures (1-3) Shows the
energy distribution I‘unctioxi for the
mercury-argon  mixtures  has  been
compuled- at  E/N  values 2.0E-17
V.em2, 2.0E-16 V.em2, and 2.0E-15
V.em?2, respectively. The value of the
distribution function at the clectron
energy of 5 eV is larger .This
belzlaviors showed  if the mercury
co1;celltrati011'dccrcascs in the mixture,
the eleetron  distribution ™ function
increases [15]. |

The Figures (4-5) shows the
characteristic energy Ly increases with
E/N in the elastic region, then starts to
become approximalely constant at |
eV and then starts lo increase al B/N
value 1.OE-15 V.em?2 nearly which are
showing increasing in the characteristic
encrgy values when the mercury
concentration  percentage  decreased
[16]. |

Fig . (6-7) shows the fractional

partition of total discharge power as a
function of E/N (V cm?). Notice that
for B/N= 10"% Vv em? virtually all of
the energy is going into electronic
excitation.

Fig (8) shows the excitation
rate behavior showed the value ol E/N
at which the excitution rate starts to

increase with the increase of B/N value

Y
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for each electronic level and most the
electrons energy transfer to the second
clectronic level up to a specified E/N
value which depends according to the
type of mixture. The electronic levels
gain their cnergy according to /N
value such as the case of energy
transfer to the 6 'py and 6 ' levels.
However, the value of E/N is different
and they depend on the type of
mixture.

Fig (9) shows the behavior of
jonization coefficient as a function of
E/N.The value of ionization cocfficient
incrcases with the decreasc of mercury
vapor conceﬁlralion in the mixture. As
BN value increascs, the differences in
ionization coefficient values decreases
down to the value at which they are
approximately meeting at one point.
This behavior is due to the increase in
the number of clectrons that causing
the ifonization as the mercury vapor
concernitration decreases in the mixture.

The equations which are using to

“explain the above {igures can be done
by solving the eléctron transport
equation numerically.
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