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With growing environmental concerns, modern science increasingly focuses on processes that offer
high efficiency in power conversion and usage. Microwave capillary plasma is notable for its high power
densities (up to 105 W cm−3) achieved with relatively low input powers [1]. In this work, we simulate
Argon plasma generated in a surfatron, i.e., an electromagnetic wave-heated capillary discharge. One of
the advantages of surfatron discharge is in its electrodeless configuration, which offers a great flexibility
in operation conditions [1].

The microwave capillary discharge is simulated using the COMSOL Multiphysics. The multi-physics
model comprises:

1. the microwave electromagnetic field,

2. an ambipolar plasma model for Argon including plasma chemistry processes,

3. the neutral Argon gas flow simulated by using fluid module.

The model is solved in 2D axisymmetric geometry. In fluid flow module, Navier-Stokes equations
together with continuity equation are solved for velocity vector and density of the fluid [2]
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where u is the flow velocity, ρ is the density of the liquid, p is pressure, I is the unit matrix and K is
the stress tensor defined as
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where µ is the fluid viscosity. The pressure and velocity obtained from these equations serve as input
parameters for the plasma module. In solving of the capillary flow, the flow is considered to be weakly
compressible.

The electric field is solved by microwave module of COMSOL Multiphysics using the equation [2]

∇× µ−1∇×E =
(
ω2ε0εr − jωσ

)
E, (4)

where ω is the angular frequency, ε0 is permittivity of vacuum, εr is the relative permittivity and σ is
conductivity. Within this context, it is also assumed that the ion motion can be neglected relative to the
electron motion, due to the short timescale of microwave oscillations.

The evolution of electron density ne is described by continuity equation [2]

∂ne

∂t
+∇ · Γe = Re, (5)

where Γe represents electron flux and Re denotes the electron source term accounting for electron gain
and loss processes considered. Moreover, equation for energy density is solved [2]

∂nϵ

∂t
+∇ · Γϵ +Ea · Γe = Sϵ +Qrh/e, (6)
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where Γϵ represents energy flux density, Ea is ambipolar electric field, Sϵ is energy source term due to
electron collision processes and [2]

Qrh =
1

2
Re (J ·E∗) , (7)

is the electron heating by the microwave field with J representing the density of the electron current and
∗ denotes the complex conjugate.

The geometry used in the simulation is shown in Fig. 1. Note that the geometry is similar to the
one specified in [3]. The electron density distribution in the capillary for the pressure of 2000 Pa, and
the absorbed microwave power of 61 W is shown in Fig. 2. Experiment results from [1] show that that
only a low fraction of power, ranging between 4% to 20% is actually absorbed in the discharge itself.
While the majority of the input power is, in fact, dissipated by other means. In this contribution we will
study in detail the power balance in the microwave capillary discharge in various physical conditions.
The ultimate goal is to compare the simulation results with experimental power balance determined by
precise measurements that were published in [1].

Fig. 1: Electron density in capillary at p = 2000 Pa and absorbed power Pabs ≈ 61 W
visualised in 3D with entire surfatron geometry.

Fig. 2: Electron density in capillary at p = 2000 Pa and absorbed power Pabs ≈ 61 W.
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