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Articlelnfo | Abstract
In this work, we were calculate the electron diffusion coefficients, such as, the drift velocity,

Received characteristic energy, and collision frequencies using the cross sections of the momentum
14\Jun.\2017 transfer and inelastic for electrons in CO, from figure(1) after solving the Boltzmann transport
equation numerically using the Finite-Difference Method in gas medium through applied
Accepted electric field at 300 °K.
8\Nov.\2017 The theoretical predictions were obtained in agreement with the experimental values was
publishered.
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Introduction [7] over this distribution function and were
The determinations of momentum transfer and ~ compared with experimental values of the same
inelastic cross sections for electrons in CO,  transport coefficients. When the calculated
from experimentally measured values of values were match the experimental values to
transport coefficients. within 5% over an extended range of the ratio
The analyses were most accurate for the of the electric field strength E to gas density N,
calculation of the cross sections for the cross section were considered satisfactory
momentum-transfer and vibrational excitation,  [8].

in addition the electronic excitation in CO..

These results were an extension of previous  Carbon Dioxide

calculations of cross sections in Hydrogen [1], ~ The very large energy exchange frequency at
[2], and [3], Deuterium [2], Nitrogen [1],[4], very low characteristic energy ¢,, and
and the rare gases [5].The time-and space-

were solved for distribution function of drift velocity; these leading were to undertake

on an analysis of the coefficient data of the
electron transport in CO,. Because of the CO,
lasers development, the interest in excitation

electron energies € in a neutral gas using an
initial set of elastic and inelastic cross sections.
The calculations of the transport coefficients
were done by taking averages [1], [2], [6], and
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cross sections for electrons
increased.

Boltzmann transport equation:
The electrons swarms were undertaken the
applied electric filed considering the steady

in CO, was

state f distribution as [9][10]:

m

whereas G represents the energy loss factor, v
represents the electron velocity, vy, represents
the momentum transfer collision frequency; °T,
represents the gas temperature, K represents
the Boltzmann factor. e represents the electron
charge, and E represents the electric strength a
long the negative Z - axis direction.
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Solution of transport equation:

After we were preparation the cross sections
for vibration excitation, electronical excitation,
ionization and momentum transfer in CO,
would be feeding to the computer program
[11]. Hence solves the Boltzmann transport
equation numerically.

Determination of transport parameters:

The transport coefficients vy, D/n, vy and vy
were obtained by solving the transport equation
numerically (1) as above according to:

(a): the momentum transfer collision frequency

vm Which was defined by [12][13]:
‘m_¢EL1 @
N N Vd ........

this parameter vy, was primarily sensitive to

the cross section for momentum transfer.

(b): the energy exchange collision frequency vy

which was defined by:
v _ eV q E/N

this parameter v, was primarily sensitive to the

inelastic cross section.

(c): the drift velocity vg, defined by [14]1[5]:
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Vg = HE o (4)
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where, e represents the electron charge 1.6x10
9 colump, m represents the electron mass,
9.109x10%® gm, E represents the applied
electric filed, V/cm, N represents the gas
number density cm-3, vq represents the drift

velocity,  cm/sec, ' represents  the
characteristic energy (eV), K represents the
Boltzmann constant,1.3805x10% j/°%k, °T,
represents the gas temperature in unit of Kelvin
(°K), u represents the mobility of electron (cm2
sec’ V1), u represents the electron energy
(eV), Ny represents the total number density

k
cm’, Qm (u) represents the momentum
transfer cross section (cm?) for elastic
collisions of electrons of energy u(eV), D/u
represents the ratio of the diffusion coefficient
to the mobility (eV).

Results and Discussion:

The electron transport coefficients were
analyzed used in terms of elastic and inelastic
cross sections as presented in Figure 1 [16],
which was showing that many interesting
conclusions can be reached regarding the
magnitude and energy dependence of the cross
sections.

Figure 1 represents the cross sections for
momentum transfer Q,, vibrational excitation
Qv, electronic excitation Qx and ionization Q;
[16].

The curves were show the cross sections
derived in your analyses of the data of Figure 4
and have a resonance nature with energy losses
and the thresholds at 0.3, 0.6 and 0.9 eV and
high energy tail of the 0.3 eV process. The
magnitudes of these cross sections, the
magnitudes of the resonance portion of the

0.083 eV energy loss process and the Q,(¢)
curve were adjusted to give a good fit to vy, and
vy curves calculated from the 300 °K data.
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Figure 2 was show the drift velocity of the
electron as a function of the applied electric
filed to the gas number density ratio E/ N,
which was increased proportionally with E/N
and appeared agreement with experimental
data [16].

Figure 3 appeared the characteristic energy
was stable between (2x10™%< E/N <2x10'") v
cm? but proportionally increasing  with
E/N.These data was agreement with
experiment values [16]. From Figure 4 was
note that the our procedure of fitting to the vy,
and vy curves leads to rather satisfactory
agreement  between the calculated and
experimental vy, and D/p values show in
Figures 2 and 3, further experimental and
theoretical investigations of this E/N range are
necessary in order to resolve this discrepancy.
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Figure 1. The inelastic scattering Q,, Qy, Q; and
momentum transfer Q., cross sections versus the electron
energy in Co, [17].
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Figure 2: The drift velocity Vd of the electrons versus
the applied electric field to the gas number density ratio,
E/N in Co2.
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Figure 3: The characteristic energy D/u of the electrons
versus the applied electric field to the gas number
density ratio, E/N in Co2.

j T T T T T T T T T T T TTTTH
1E-8 AM\\\/A E
— 3

) J

1E-7 2 —
= El

” E

g E

1E-8 ‘E, FR _E
] * vy B

1E-9 g =
3 E

1E-10 3 —
= 3

= E

- = —

1E-11 g E
= 3

1E-12 = —
= E

1E-13 3 -
1E-14 | T T T IIII| T T 1T III| T T T T rIrr

1E-2 1E-1 1E+0 1E+1
Dip eY)

Figure 4 :The momentum transfer Vmand energy-

|4 - .
exchange ~ U collision Frequencies per molecule versus
the characteristic energy, D/p for electrons in Co2 at
3000k.

Conclusions

The high quality experimental electron
transport coefficient data was worthwhile.
From the above the various gases and gas
temperatures were to fill in the many gaps and
check the questionable data evident. Such data
were available for gases such as CO,, H,O and
Ch, over a wide range of E/N values.
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