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Abstract

There are two important types of basic gas-insulated apparatus used by electric power industry: i- gas-insulted
transmission lines and ii- gas-insulated transformers.SF; — Ne mixture are considered to be used in circuit breakers,
neon has a very blow dielectric strength and contributes virtually nothing to the dielectric strength of the mixture. Neon
however, complements SFy in terms of its cooling capacity because it is very light, and does not react chemically
either SF,, or the gas impurities present in commercial SF,, or the system components. The motion of electrons in
plasma gas sulfur hexafluoride (SFg) and its mixture with inert gas Ne in the present of applied uniform electric field is
simulated by using the numerical solution of Boltzmann's transport equation technique. The numerical solutions are
utilized within the international computer code program called "NOMAD" written in FORTRAN 77, by using the Finite
difference method. The energy distribution function and the swarm transport parameters of electron accelerated by DC
electric field in a mixture of SF; — Ne , are evaluated and compared with experimental result of drift velocity (vy),
average energy (€) ,characteristic energy (e;) , diffusion coefficient(D) ,and electron mobility (1). We conclude that the
calculation value has a Percentage agreement with international published experimental value over the range of E/N in
Td units (E is the electric field and N concentration gas molecules). One can interpret the existence percentage error to
the accuracy of the using cross section data for both elastic and inelastic collisions, since their exist many laboratory
published data.
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Introduction

Sulfur hexafluoride (SFg), the electric power
industry's presently preferred gaseous dielectric
(besides air), has been shown to be a greenhouse
gas. In this report we provide information that is
useful in identifying possible replacement gases, in
the event that replacement gases are deemed a
reasonable approach to reduce the use of SFg in
high voltage electrical equipment. This study first
describe the properties that make a good gaseous
dielectric, that are necessary to demonstrate and
document the appropriateness of a gas as a high
voltage insulting medium, or to be used as an arc
or current interrupting medium [1]. The large
amount of available physical and laboratory data
suggests that a 40%SF, — 60%N, mixture may
exhibits dielectric characteristics suitable to be
used as insulation in high voltage equipment.
However, it is realized that there are difficulties in
using this mixture for arc or current interruption,
and as a replacement gas in already existing
equipment [2]. Thisstudy focuses on the properties
of SF, as a dielectric gas and on the data available
for possible alternatives to pure SF, (i.e., SFg
alone). On the basis of published studies and
consultation with experts in the field, it was
attempted to identify alternative dielectric gases to
pure SF, for possible immediate or future use in
existing or modified electrical equipment. The
possible alternative gases are discussed as three
separate groups: (i) mixtures of SFg,and nitrogen
for which a large amount of research results are
available; (ii) gases and mixtures (e.g., pure N,,
low concentrations of SFgin N,,and SF; — Ne
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mixtures) for which a smaller yet significant
amount of data is available; and (iii) potential
gases for which little experimental data is available
[1]. Sulfur hexafluoride (SFg), is a man-made gas
which became commercially available in 1947. It
is one of the most extensively and
comprehensively studied polyatomic molecular
gases because of its many commercial and research
applications. Its basic physical and chemical
properties, behavior in various types of gas
discharges, and uses by the electric power industry
have been broadly investigated [3]. Sulfur
hexafluoride (SFg), exhibits many properties that
make it suitable for equipment utilized in the
transmission and distribution of electric power, it is
a strong electronegative (electron attaching) gas
both at room temperature and at temperature well
above ambient, which principally accounts for its
high dielectric strength and good arc-interruption
properties. The breakdown voltage of SFg is nearly
three times higher than air at atmospheric pressure
[4]. Furthermore, it has good heat transfer
properties and it readily reforms itself when
dissociated under high gas-pressure conditions in
an electrical discharge or an arc (i.e., it has a fast
recovery and it is self-healing). However, SF;have
some undesirable properties: it forms highly toxic
and corrosive compounds when subjected to
electrical discharges (e.g., S,F;4, SOF,); non-polar
contaminants (e.g., air,CF, ) are not easily
removed from it; its breakdown voltage is sensitive
to water vapor , conducting particles, and
conductors surface roughness; and it exhibits non-
ideal gas behavior at the lowest temperatures that
can be encountered in the environment.
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Theory

The classical theory of transport processes is based
on the Boltzmann transport equation; this equation can
be driven simply by defining a distribution function and
inspecting its time derivative. From this equation many
important swarm parameters could be derived that it is
still being used in many contemporary research projects
to model transport phenomena.

The general form for the Boltzmann transport
equation may be written as [5,6].
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Where, v is the velocity of charge particles,a is the
acceleration of charges particles

f(r,v,t) is the electrons distribution function
F;(V;,7,t) is the neutral species distribution function
Vpj = | v -V | is the relative velocity of charges
particles, V; is the velocity of neutral species

0;(6,vy; ) is the differential microscopic cross section
of interaction the charges particles (electron) with
neutral gas species |, dQ); = Sin dfd¢ is the element
solid angle, where 6 and ¢ are the polar and
azimuthally angles, respectively.

The left and right hand sides describe the behavior
changes of electrons distribution function by the Varity
independent collisions and also the binary collisions of
charges particles with the neutral gas species,
respectively. The electron distribution function
f(r,v,t) is approximated by f(v) , since it is assumed
that electrons fields are independent of space and time
and the problems of electrons interactions are spatially
uniformed, so that the velocity dependence distribution
function can be written by Legendre series expansion as
follows.

flrv,t)%f+ X f(vr,t)P(CosB) (2)

Or, in terms of the velocity dependence approximation

fv) ¥ f(v) + Z f(v)P(Cos 8 ) (3)
The use of a Maxwellian electron energy distribution
function is justifiable on the basis that the rotation and
vibration excitation occur in molecular gases at the low
electron energy ranges appropriate to a breakdown of

gaseous insulation. From the electron energy
distribution function we can calculate the swarm

properties by using the relations [7].
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Where W is the drift velocity in (m s@), 6 the
momentum transfer cross section in (cm?), € the
mean energy, u the electrons mobility in (cm?/V),
o in (cm™) the ionization coefficient, nin

(cm™) the attachment coefficient, Q;in (cm?) the
ionization cross section, Q,in (cm?) the attachment
cross section, and e;is the ionization potential. It is
important to note that equations (4)-(7) are
applicable for all types of energy distribution
function.

Substitution of the breakdown criterion of gases

£ = Dgives the value = at which breakdown
N N N

occurs in  highly electronegative  gases.It's
necessary to note that there exists another
mathematical technique for solving the Boltzmann
transport equation by using the Monte Carlo
method and involving the calculation of the
electron transport or swarm parameters [8,9].

Calculation and results

Neon as an inert gas is mixed with sulphur
hexafluoride. The calculated transport parameters, drift
velocity (V;), characteristic energy (€), electron
mobility (p), and diffusion coefficient (D) of SF6 — Ne
for the case of 50% concentration of Helium gas in the
mixture were listed in table (1). And, The electron
distribution functions of SF, — Ne for the same case
are plotted for specified E/N values and its completely
described in figure (1). Figure (2) shows the electrons
drift velocity (V;) as a function of E/N in SF,, Ne,
and SF; — Ne mixture (mixing ratio 50/50). This
figure shows that, the case of adding Neto SF,, will
cause an increase in the drift velocity(V;) in SFg —
Nemixture, so that the effect of adding the He as a
buffer gas toSF; — Ne gas mixture can change the
collision processes and therefore a change in the
electron transport properties exists. Andit's clearly
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appear that the increaseof the concentration percentage
of He in SFg — Ne gas mixture, will cause a rapidly
increase in the drift velocity of electrons.

Table (2) lists the variety consternation percentage of
SF¢ in SF; — Ne gas mixture, and figure (3) shows the
variation of electrons drift velocity V, as a function of
E/N in SFg— Nefor various consternations
percentage. The electrons characteristics energy, andthe
electrons mobility of SF; — Ne(50/50) gas mixture as
a function of E/N are plotted in figures (4) and
(5).Finally a comparison between the calculated and
experimental drift velocities are described in figure(5).

Discussion and conclusion

Sulfur hexafluoride (SFg), the electric power
industry’s presently preferred gaseous dielectric
(besides air), has been shown to be a green house gas.
in this study we provide information that is useful in
identifying possible replacement gases mixture, which
deemed a reasonable approach to reduce the use of
SFgin high voltage electrical equipment. An important
part of this information is found from the calculations
of the electron transport parameters in such gases
mixture, which indeed reflect the advantages and
disadvantages of each concentration mixing ratio,
therefore, one can choose the optimum cases that give a
good compatible applied gaseous mixture. From figure
(2), it's clearly appear the effect of adding the neon gas
to the pure Sulfur hexafluoride, in increasing the
electron drift velocity to values approximately lies in
the intermediate range of pure neon and pure sulfur
hexafluoride, which alter the dielectric properties of the
gas mixture.Figure (3), explains the effect of changing
the neon concentration on the electron drift velocity for
different mixing ratios, and one can directly show the
likely linear increase in the electron drift velocity for
each mixing ratio. Finally, from figure (5), which
reflects the suitable agreement between our calculated
results with the corresponding experimental results, we
can focus on the missing of available cross section data
for the different types of inelastic collisions (e.g.,
excitation, electronic, vibration, attachment, ionization,
etc.) in getting or producing a more accurate results.

1y

Table (1): The calculated transport parameters for
electron in SF, — Ne Mixture (50% Mixing ratio).

| N =128x10"Molecules/ cm3

Electric field/gas densitv | Drift velocity Characteristic energy electron mobility

EN v, x107 Diu w

(Td=10""* V.em?) {cmls {eV) (cm?/V.s)
135 17 6.098995 892 4899
20 1.91 6.754491 846.1789
3.0 248 7.939333 771.559
4.0 3.10 9.210807 711.8212
5.0 3.81 10.67396 645.3461
53 4.11 11.4865 612.7598
6.0 4.26 12.35438 581.0808

Table (2): Variation of number density with mixture
concentration percentage in SF¢- Negaseous

No. Mixture concentration percentage Number density
(SFs/Ne)%o (molecules/cm®)x101%
1 90-10 2.0423
2 80-20 1.85163
3 70-30 1.66094
4 60 40 1.47024
5 30-30 1.2794
6 40 -60 1.0888
7 30-70 0.89814
8 20-80 0.70744
9 10 -90 0.516742
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Figure (1): The electron distribution function versus
E/N the electron energy in SF¢-Ne 50/50 gas mixture
mixture.
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Figure (3): The drift velocity of electrons versus
E/N in SFg-Ne gas mixture various percentages.
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Figure (5): the electron drift velocity as a function of
E/N in SFg - Ne 50/50 gas mixture
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