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Abstract

An analytical model is proposing to investigate thduahces of the shape and size of
an open and closed cylinder on the electron densstyibution. A two-dimensional steady
state ionization equation solved analytically byngscylindrical coordinates. The only gain
and loss processes consider are the cascade ionizatd electron diffusion. The radial
behaviour of the diffusion length in both open asdsed cylinder for different values of
shape and size are calculated and the axial amal edctron density distributions discusses
for some values of gas velocity.
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| ntroduction

The influences of the shape and size of the diseharga on the plasma distribution are
subject of many theoretical and experimental stidée for example (Romig [1], Muller [2],
Demetrios [3], Al-Hashmiy [4], and Al-Kelly [5]). The electron density distribution
associated with the plasma density plays an importde in the overall performance of the
discharge. The state of the plasma produced bgldfin cylindrical tube of constant radius
has been studied extensively by a number of relseesdViayer[6] Boswell[7], Perry[8],
Dender[9], and Charles[10] and is well understoddttle work, however, has done in the
study of the plasma state in cylindrical coordisadbg using optical frequency and by taking
into account the geometrical effect on the plasmailution and this work has described in a
number of publications such as Richard [11], TafiB] and Lieberman [13]. lonisation
equation for length scale was less well understémats the continuity equation. In fact, there
is no agreement on what length scale one shouldsehto represent the plasma density.
Most papers dealing with RF discharge used the Pdbbgth to describe the behaviour
distribution of the plasma density. Also morertlode scale may need because length scales
in different co-ordinate direction are no more ljkeo be proportional to the transport
parameter. In optical discharge plasma, one hase#d with verity of parameters, which
affect, the density distribution, for example tlasdr beam configuration, the resonator size
and length and other parameters. The shapingeadigtharge tube should result in enhanced
efficiency, owing to the fact that the optical besasaveep out 100% of the active medium. In
the present paper, we will assume that the diseharge is cylindrical tube with constant
radius. The first communication of an observatbibreakdown of a gas under the influence
of a focussed laser beam, operating in the gialstepmode, was first, presented in (1963), by
Maker [14]. Meyerand [15] followed this quickly ithe same year. Since then many
theoretical and experimental work have been dotikisnrespect, and this work can be traced
throughout the papers of references Danshchikoy, H6ézlov [17], Lebehot [18], Conrad
[19] and Al-Hashmiy [20,21]. The main conclusioeached by these works in both
experimental and theoretical aspects may be sursethias follows: There is a definite
dependence of the discharge on the geometry ofdkige region. This implies that the
discharge process exhibits threshold behaviourutiitoa balance between the electron
production inside the active region and loss ottetes from the diffusion. However, none

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com


http://www.docudesk.com

N.H.N. Al-Hashmiy

of these studies seems to give a comprehensive afmut such dependence. Al-Hashmiy
and Al-kelly find it of great interest to have atea about this problems when they analysis
the diffraction equation, continuity equation arfte tconcept of the continuous optical
discharge. The present paper will concern itsét whe effect of the shape and size of the
discharge tube on the distribution of the plasmasiy and the gas velocity will include in
our analysis.

Formation of the problem

In optical discharge, ionisation causes by the siohi of free electrons with the gas
atoms. The electrons gain their energies fromlaser beam by collision, which changes
their ordered oscillatory motion to random motioimteraction with laser radiation as a rule
involves considerably less intense beams and pesfamder constant pressure conditions.
This must strongly affect the parameters of thesmpk and consequently the nature of its
influence on the interaction. However, an optideécharge in the gas can substantially
increase the power flux absorbed by the gas ateéh&re of the focal spots, while one in the
gas transfers the power absorbed from the beam #&vem, which is considerably larger than
that of the spot. The influence of the containerameter on the efficiency of the localized
interaction with the gas is of practical interebtoreover, various mechanisms contribute to a
reduction of the electron density. At low pressthe dominating loss mechanism is the
diffusion of the electrons out of the region ofthigeld to a lower field region where ions can
no longer gain sufficient energy to make ionisimgerciting collisions. At higher pressures
other processes such as the recombination of datrehs with ions or the attachment of the
electrons to electronegative gas atoms may plagnaortant role. Since space-charge fields
cannot exist in plasma over a distribution lardgeant a Debye length, ambipolar diffusion
assumes importance when the Debye length approadidesnally becomes smaller than the
container dimension. A steady state discharge rscaen the production of new charge
particles in the volume equals their loss to thleive by any of the loss processes mentioned
above and the plasma can exist in the form ofe@rplasma of the ionised gases. In order to
formulate the problem, we shall make the followasgumption:

1) Diffusion controlled discharge will be consideredhile the recombination is assumed to
take place only outside the container.

2) Any internal drift velocity may occur will be incporated into an effective diffusion
coefficients.

3) We should assume a quasi-neutral discharge in wiich N; where N and N stand for
electrons and ions number density.

4) The degree of ionisation¢M;, is small compared to unity so that the consewwati
equations for the neutral species may be uncodpled those of the charged particles.

5) We shall neglect the effect of the metastabtemat and other losses on the plasma

production.

Now, to determine the equation governing the idiusgprocess and restricted by the
above assumptions, we shall start from the congirequation of the electrons, which may be
written as

BN 4 TLNV S Onoooooeeeomsss e 0

In the above equation, we need to evaluate thetiudNV, which represents the current flux
of the particles. For the case of ambipolar diffascontrolled decay as we considered, so,
there is no electric field present and one carewrit

NV = =00 TN+ NV @

By substituting equation (2) in equation (1) we: get

N4 O KON 4NV 2 0o 3
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The absence of electric field considered aboveesrisom the assumption that the
numbers of electrons in the region equal the nunobbéhe ions, in this case the ambipolar
diffusion must be considered here. Thus equa8pis(reduced for steady state to:

DN =V.ON + @N = 0ueeeeeeeeeeeeeee et ea e ne s @)

This equation represents the governing equatioth®iflowing quasi-neutral steady-
state ionisation process including the decay oplaema by diffusion to the wall and the loss
of the plasma due to the drift velocity and, camtag the only gain term that is the cascade
ionisation.

Result and discussion

For a geometry, which simulate to some extent floyplasma tunnel, let us consider
the geometry as a cylindrical of radiug, Rgure (1), in which there is an axial gas flow
velocity U,. The origin coordinates (rz) of the focus of the laser beam concentric whigh
origin of the cylinder. The length of the activeea covers 2L of the cylinder. We shall
assume that the cascade ionization is constanttbedength 2L and zero elsewhere, Roming
[1], Al-Hashmiy [4], Shargi [22] i.e.

oc=constantforallr, —-4£7<L

= 0 every where
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Fig. (1) Flow geometry used.

The boundary conditions are: n(R,Z) = nff&) = 0 and n(r,z)¢n/0Z are continuous at Z =
zL. In cylindrical coordinates, assuming rotatiosginmetry equation (4) becomes

16043 160y 11
Longp 10Ny . 2
12oz? R R RR

o _Ys on g Gy

z — — N
WhereZ:I,...R—E,..n—

Nmax\
Now we shall use the separable of variable tectesiqa solve this problem, so let as consider

the axial and radial distribution of the plasmat timeay be given as n(R,Z) = n(R)n(Z), then
the general solution of the plasma density distisuthroughout the active region is
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(A T T R 1 Y7774 FO RN 6)

max  cos(Z,)

Where Z, = L tan™(£)

Where 1, and B are constant related to the coefficient of thealaxistribution. The
calculations show that the diffusion length in @@ cylinder is larger than that of the closed
cylinder of the same dimension, figure (2). Frdus figure, we can say that the difference of
the diffusion lengths in the two cylinders occunsyaat the region closer to the centre of the
discharge region. This means that the magnitudki®difference depends critically on that
portion of the open cylinder over which the disgeaacts. The difference is more pronounce
for small values of active region as we can sefggure (3). As the active discharge length
increases, the effect of open ends becomes lessyomoed. Figure (4) shows the diffusion
length as a function of the container length dedént values of the axial flow velocity in an
open cylinder but for small value of the non-dimenal quantity L/R. We can see that the
diffusion length is increasing toward the endsha tylinder but decreasing for the larger
values of the axial flow velocity. As we expettere is a strong dependence of the diffusion
length on the geometric shape at small L/R. Tleisethdence becomes weaker as the axial
flow velocity increasing. This means that at hitgiw velocity again, the geometric effects
are negligible.

The radial behaviour of the diffusion length in lpobpen and closed cylinder, for small
values of the non-dimensional quantity L/R, is shoviigure (5). For non-axial flow velocity
case, the variation of the diffusion length witk ttadius of the container is pure straight line
in both, open and closed cylinder for small andidanf L/R. The diffusion length is being
larger for the open cylinder at the portion famfrthe centre. There is no effect for the axial
flow velocity on the radial distribution of the filition for both cases, large and small L/R.
The relation between the diffusion length and tifiglon coefficient is show through the
figure (6), which illustrates the variation of tH#fusion as a function of the diffusion length
at a constant ionisation. From the above discnssidhe diffusion lengths, it expected that
the plasma density distribution for zero axial flowlocity in an open cylinder would
approach that of the closed cylinder as the noredsional quantity L/R grows large. Figure
(7) shows the distribution of the plasma densitypoth, open and closed cylinder for the
value of L/IR=2 and constant diffusion. We can He# for the absence of the axial flow
velocity, the distribution of the plasma is symneeaibout the origin in both, closed and open
cylinder. The values of the plasma reached a maxirat the centre of the active discharge
and dropped to a minimum at the ends. Becauskeofrhall value of the quantity L/R, the
distribution of the plasma density in the openraéir no longer approaches that of the closed
cylinder. As this value is increasing, the plasheasity distribution of the open cylinder is
approximately coinciding with that of the closedimger figure (8). The influence of the
geometric can be seen clearly in figures (9) ar®) (@hich show, the two dimensional
pictures of the plasma density distribution undher éffect of the axial flow velocity at small
and large values of L/R respectively and for flosloeity of 10000 cm/sec.
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Figure (2) Thevariation of thediffusion length asa function
of the container length at large L/R, upper for an open cylinder
and lower for closed cylinder
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Figure (3) Thevariation of thediffusion length asa function
of the container length at small L/R
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Figure (4) Thediffusion length asa function of the container
length for different values of the velocity in an open cylinder
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Figure (5) Thevariation of the diffusion length
asafunction of the active discharge
radiusfor small L/R
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Figure (6) Therelation between the diffusion coefficient
and thediffusion length at constant ionization
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Figure (7) theaxial distribution of the plasma density
In bath closed cylinder (solid line) and open cylinder
(dash line) at small L/R
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Figure (8) the axial distribution of the plasma density
In bath closed cylinder (solid line) and open cylinder
(dash line) at largeL/R
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Figure(10) Normalized plasma density distribution for largeL/R
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