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WAVE PHENOMENA IN THE PLASMA
OF A MOLECULAR GAS DISCHARGE")

H. URBANKOVA?), K. ROHLENA?), Prague

A simple hydrodynamic model of wave phenomena observed in the plasma of the low
pressure glow discharge in molecular gases is given. The dispersion relation of the wave
modes has revealed two branches of the acoustic wave and the ionization-thermal-diffus-
ion wave.

BOJIHOBBIE 2®®EKTHI B ILIAZMEHHOM PA3PANIE
MOJIEKYJIAPHOTO T'A3A

B pafote omucaHa mpocras TUPOAMHAMUMECKAA MOAETh ponHoporo 3ddexTa,
KOTOpBI HAGIONANICS B TA3Me TACIOWETO paspsjia pH HU3KOM aBNEHHH B MOJIEKY-
NApHbIX razax. B AMCIEpCHOHHOM COOTHOLICHMH 3TOTO THNIA BONH OOHApyXeHbI ABC
BeTBH BOJIH: AKYCTHHECKOH BOJIHBL ¥ BOIHBI MOHU3AITMOHHO-TepMOfHPy3HBIE.

I. INTRODUCTION

The low pressure glow discharge in molecular gases (especially in laser mixtures)
is characterized by a high longitudinal electric field and an intensive release of heat
compared to a discharge in atomic gases. The electric field accelerates the
electrons, whose energy is fed predominantly in the vibrational degrees of freedom.
The vibrational energy either escapes to the tube walls (via the vibrational
__ vibrational transitions), but in molecular lasers the most important process is
usually the vibrational — translational relaxation, by which the neutral gas is
strongly heated and, consequently, a strong electric field is needed to maintain the
energy balance. The heating and the electric field may profoundly influence the
wave processes commonly observed in the plasma,

The heating of the neutral gas gives rise to the acoustic wave. The amplification
of the wave can be explained in terms of the enhanced collisional rate and thus the
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enhanced heating if the neutral gas density is increased locally, leading to a further - 3,(nULve: — (beol 1y) U.(EU.3.n + ndd.U:)) = —n(veE. + n,H)

increase in the pressure. . 3 + 9.(n(vee + (bl ny) E))=n(nS—-1/ Twolly) s
The typical wave phenomena in the low pressure glow discharge in molecular i . . . .
gases (e-& N,, Hz, CO:, CO, etc.) is the forward wave (both v, and v, anode where n(=n.=n.) _m.n_nn:,o: (ion) density; Ver, u., mq.o m.:: <o_on_.€ w:a
directed). This type of wave originates due to the ion motion in the perturbed wnavowm::.n (volt equivalent) oq.m_oo:,o-wm.,.mu is the _o:m._Ea_:m_ electric field
electric field, where the essential part of the vnnﬁcmmos is the electron thermal intensity ; b, be M.wnn electron afid :.5 mobilities; Im U, ,H v) is the average elgetron
diffusion. As the ion drift in the quasi-neutral plasma is proportional to the square . energy loss function: H.(U., T.) is the average vibrational electron energy loss
of the longitudinal field intensity, this type of wave appears only at stronger electric fonchiony < the Einstein .oo&.rn_o:rua_:cm_o: to :.5?:@ ratio), v, &, & 9
fields, which occur in molecular gas discharges. The theoretical description was coefficient of the thermal diffusion, of the heat convection, of the energy transport
performed on the basis of usual hydrodynamic conservation equations for both the along the density gradient, of the heat conduction of electrons; Tuo is the life time of
electrons and the neutral gas, where the vibrational energy balance was accounted : the nrm.s.mwa v.m:_n_om (wall recombination »mmc._:o&, S(U., T.) is the cottiicierit of
for separately. The linearized system was solved on a computer, yielding the direct 5:&.»90:.@% o_oo:,.osm. 1f __183@9 ?..w system of equations yields a rather
dispersion of both wave modes. 83@_9.” dispersion relation for five anom in the v._mm_:m. Two of them are not
interesting. These are both the translational and the vibrational energy propagation
IL. THE WAVE DISPERSION . modes (heat wave), which are slow and heavily damped. Of the three remaining
~ waves two pertain to the sound propagation and the last represents the
To describe a molecular gas plasma the simplest possible model is considered. ionization-thermal-diffusion wave. The computer solution of the dispersion rela-
Thus it is assumed that the plasma is one-dimensional with no free atoms present tion shown in Fig. 1 renders a sound dispersion dominated by translational degrees
(the dissociation degree is zero) and that there are positive ions only. The of freedom only. The vibrational-translational relaxation is clearly at low pressure
translational and vibrational energy balance of the neutral molecules are consi- not fast enough to ensure the energy equipartition between the translational and
dered separately, as the vibrational — translational relaxation time is fairly long. " yibrational degrees of freedom. This result is essentially in agreement with [1].

We get the following set of equations for the neutral component:

By +3:(ngve) =0

My Vg: = |C.\=nvm%=uﬂwv ‘ 160
¢,3.Ts + T3040 = (1/15)3.(%3:T,) + (T, = To) ovr = T,ltr | =
; ‘ S
= — _ — ; 1 Fig. 1. Dispersion curve (k-dependence of the =
mkanﬁ.h.ev+ wnAaene‘Hecﬁv ImNA»?m.NH.v + :%:me A\He Hav\ T u..e\.?iv“ |l . wave frequency w) of the acoustic mode and of Jm 0
where ng, Ty, Mas Vers €p> ¥ - are concentration, temperature (volt ma:?&-n:&. “”.a _Aw:NE:“:”Mo:%»_A_._HMEo: _..ﬂ.oan. (thicker .WL
molecular mass, acoustic velocity, specific heat per molecule and thermal conduc- j of M_m_w_uzﬂ =._, 3“L.M.<SM“Mwﬂ_:ﬂwwﬁn_ﬂm x
tivity of neutral particles, respectively; T,, ¥y, Cus --- AT vibrational 853&88., : s of the cosfficient of the electron thermal 3
vibrational conductivity and specific vibrational heat per molecule; Tvr 1S :—.o ] diffusion y=1, 0.9 and 0.8. At y=1 the lower
vibrational-translational time, Tr is heat conduction time (to the wall), Tvw 1S part of the &&.ﬁamo: curve (icc. the forward -160
vibrational energy wall loss time and 3,=9/3t, 3, =09/8,. This set has to be : Mw%om_m mmﬁ_;_m”— Qsa._._.uaz_m.na_o: _n..mzo
supplemented by the balance equations of the electron plasma component. .ﬂ_o i g nﬂwm_v_um “” %Mwun o%. _ﬂw_oﬁhgnﬂh_n _MH
usual set of the local electron hydrodynamics includes the electron continuity e ot ot by the thickest line. The calculation
equation, the inertialess equation of motion, the energy balance equation and the was performed for nitrogen; necessary kinetic -320
i inui ion: fficients were computed on the basis of [S}, T.
jon continuity € uation: coe p T
s being 450K. The sound velocity v.= N aw..m»zk
| 3.(mva)=0 T vom o
Ve = —(beol ng) (Ez ¥ a(U./n)o.n+ y3.U) = V5 mu, : _480
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More interesting is the .-o:.ﬁmaon-ﬁonaw_.&mcmmoz mode. Its long-wave part
(small wavenumbers k) resembles the usual dispersion known for the case of
atomic gases (ionization wave [2]) but its short-wavelength part intersects the
k-axis (standing striations) continuing below the axis as a (almost) straight line
(forward, anode directed wave). A more detailed analysis {3] reveals that this wave
with the negative phase velocity originates due tO the ion drift in the perturbed
electric field. The perturbation of the field is displaced from the point of the
original ion disturbance (or vr»mo-wawo& by the electron thermal diffusion effect.
Without the electron thermal diffusion the ion mmotion in the perturbed field would
lead just t0 2 decay of the original ion perturbation by the axial ambipolar
diffusion. The thermal diffusion creates an additional phase-shift between the
perturbed field and the ion density perturbation which enables the wave (which
normally would be cathode directed if only the ionization effects are taken into
account) to reverse the phase velocity and become 2 forward, anode directed wave,
typical of molecular gases. A critical dependence of the wave amplification on the
value of the thermal diffusion coefficient is demonstrated in Fig. 1.

118 .OOZOFCm—OZ AND DISCUSSION

A very simple model provides a correct description of the wave observed in the
molecular gas E%Ew...ﬁ is interesting that the difference between the atomic and
molecular gas plasma is essentially but a quantitative one: given by the high value of
the longitudinal electric field intensity characteristic of a molecular gas discharge.
The strong electric field enhances the ion drift, which may lead to the phase
velocity reversal of the jonization wave. At the same time, however, in the presence
of a strong longitudinal field doubt is cast on the validity of the strictly local
hydrodynamics equations used in our model. Similarly as in [4] it is possible that all
the transport coefficients (including the thermal diffusion coefficient) will acquire
a tensorial character due to the non-locality effects, which would introduce
qualitative changes in the theory. In fact, the curves in Fig. 1 were calculated with
the longitudinal diffusion coefficient taken from [4], and it is hoped that, in
particular, the thermal diffusion coefficient will also be changed in the direction
favourable for the wave wiw:mnmnon.
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