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Fluid and hybrid models proved to be very useful tools for the understanding of physical 

phenomena in low-pressure glow discharges. In fluid models the charged species are treated as con-

tinuum, while hybrid models combine fluid description of “slow” plasma species with kinetic 

treatment  of “fast” plasma species, e.g. [1]. Self-consistency of the solution in both types of models 

can be achieved by coupling the set of fluid equations with the Poisson equation. The fluid equa-

tions are derived from the hierarchy of the moments of the Boltzmann equation (BE). In most of 

the models only the two lowest moments of the BE are retained, which correspond to particle bal-

ance equations (in 1D):

and momentum conservation equations, which, in drift-diffusion approximation read:

Here n, !!and S  are, respectively, the densities, fluxes, and sources of particles, µ and D are the 

mobility and diffusion coefficients (“e” and “i” denote electrons and ions). In fluid models the 

sources are usually calculated using the Townsend ionization coefficient, while in hybrid models a 

Monte Carlo (MC) routine provides more accurate values both for the ions and slow electrons. 

In several studies based on fluid and hybrid models transport coefficients of electrons have 

been taken as constants, assuming a fixed value of the characteristic electron energy. To avoid the 

need for such an assumption a logical choice would be to use transport coefficients that  depend on 

the local value of the reduced electric field E/n. Such an approach, however, leads to numerical in-

stabilities due to the back-diffusion of electrons into the cathode sheath [2]. An alternative way is to 

consider the “next” moment  of the BE, the energy balance equation. This approach turned out  to be 

successful in discharge simulation studies [3], however, " to our best  knowledge " comparison be-

tween the different approaches (fluid vs. hybrid, with and without electron energy balance calcula-

tion) for a simple system has not been published previously.

In this work we investigate the effect on the calculated discharge characteristics of the inclu-

sion of the electron energy balance equation in the calculations for a simple one-dimensional dis-

charge in argon gas, at  p = 1 Torr pressure, V = 250 V voltage, and L = 1 cm electrode separation. 

Following [4] the energy balance equation takes the form:

where n! and !!  are the energy density and the energy flux (n!!= !!ne, !!being the mean electron 

energy), S!!and L! are the source and loss of electron energy. Heating is due to the flux of electrons 

in the electric field E, the energy flux is also written in a drift-diffusion approximation including the 

energy mobility (µ!) and energy diffusion (D!) coefficients [4]. The values of these transport coeffi-

cients, as well as of the electron mobility and diffusion coefficients are calculated in a Monte Carlo 

simulation in homogeneous electric field, as a function of mean energy #. 

We have carried out  calculations based on both the fluid and the hybrid models, without and 

with energy calculation. In the models without  energy calculation we assumed constant values of 

the characteristic electron energy kTe. When using the electron energy calculation in the fluid 

Topic number: 6

!ne

!t
+

!!e

!x
= Se

!ni

!t
+

!!i

!x
= Si

!e = −µeEne − De

!ne

!x

!n!

!t
+

!!!

!x
+ eE!e = S! ! L!

!i = µiEni ! Di

!ni

!x



model, the charged particle sources were either assumed to depend on the local E/n value, Se = Si = 

!e(x) $(E/n), or the local electron energy, Se = Si = !e(x) $(#). There are significant differences 

between the results obtained by these approaches. The discharge current density is j % 0.11 mA/

cm2 for constant  energy values of kTe = 0.1 eV and kTe = 1 eV, and also with calculated energy 

when assuming Se = Si = !e(x) $(E/n). Approximately 50% higher current density results when an 

energy-dependent  source term is used in the fluid model. When using the hybrid models, the cal-

culated current density ranges between 0.59 mA/cm2 and 0.67 mA/cm2, an almost  sixfold in-

crease compared to the results of the fluid calculations. The peak charge densities obtained from 

the hybrid calculations are 2-3 orders of magnitude higher (compare Fig. 1 (b) and (c)) due to the 

electric field reversal, which appears only with hybrid models. The mean electron energy as ob-

tained from the fluid calculations rises to about  30 eV in the sheath and remains in the range of 6-

7 eV in the main part  of the negative glow. The hybrid model incorporating electron energy cal-

culation results in a mean energy of slow electrons in the 1-2 eV range in the negative glow. 

Figure 1.  (a) Electron transport coefficients as a function of mean energy (obtained form a MC calculation), 

used as input data in the fluid and hybrid models with energy equation. Charged particle densities in the dis-

charge gap obtained from (b) the fluid models and (c) the hybrid models without (assuming constant values 

for kTe) and with electron energy calculation (cathode: x = 0, anode: x = 1 cm). (d) Spatial distribution of the 

mean electron energy as calculated from the fluid models (assuming different ionization terms) and from the 

hybrid model. Note that slow electron density vanishes in the cathode sheath. p = 1 Torr Ar, V = 250 V and 

L = 1 cm for all results.
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