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A model of the quasi-neutral plasma and the transition between the plasma and the dielectric wall
in a Hall thruster channel is presented. The plasma is considered using a 2D hydrodynamic
approximation while the sheath in front of the dielectric surface is considered to be 1D and
collisionless. The dielectric wall effect is taken into account by introducing an effective coefficient of
the secondary electron emission (SEE), s. In the considered condition i.e. ion temperature much
smaller than that of electrons and significant ion acceleration in the axial direction, the presheath
scale length becomes comparable to the channel width so that the plasma channel becomes an
effective presheath. It is found that the radial ion velocity component at the plasma-sheath interface
varies along the thruster channel from about 0.5Cs (Cs is the Bohm velocity) near the anode up to
the Bohm velocity near the exit. In addition, the secondary electron emission significantly affects
the electron temperature distribution along the channel. For instance in the case of s=0.95, the
electron temperature peaks at about 16 eV, while in the case of s=0.8 it peaks at about 30 eV. The
model predictions of the dependence of the current-voltage characteristic of the ExB discharge on
the SEE coefficient are found to be in agreement with experiment.
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Introduction

A Hall thruster is currently one of the most advanced
and efficient types of electrostatic propulsion devices
for spacecraft. The Hall thruster can offer much
higher thrust density than other types of stationary ion
thrusters. This configuration is beneficial because the
acceleration takes place in a quasi-neutral plasma and
thus is not limited by space charge effects. State of
the art Hall thrusters have an efficiency of about 50%
with specific impulses in the range of 1000 s - 3000
s1. The electrical discharge in the Hall thruster has a
E×B configuration where the external magnetic field
is radial and perpendicular to the axial electric field,
which accelerates the ions. Passing the electron
current across a magnetic field leads to an electron
closed drift or Hall drift. The original idea of ion
acceleration in the quasi-neutral plasma was
introduced in 1960 (Ref. 2,3,4,5) and since then

numerous experimental and theoretical investigations
have been conducted. The main results of these
studies were summarized in a recent review6.
Generally two different types of Hall thruster were
developed: a thruster with closed electron drift and
extended acceleration zone, or Stationary Plasma
Thruster (SPT), and a thruster with short acceleration
channel or Thruster with Anode Layer (TAL). In this
paper we will consider the first type of thruster,
namely SPT, which employs a dielectric channel that
plays an important role in the discharge.

In a SPT, the interaction of the plasma with the
dielectric wall plays an important role. Due to the
collisions of the electrons with the wall and
secondary electron emission, the electron temperature
remains relatively low in comparison to the TAL. As
a result, the ion acceleration occurs over a more
extended region7. Despite many theoretical efforts,



the complicated physical processes in the Hall
thruster channel are far from being completely
understood as was recognized in recent reports1,6.
Mainly the physics of the plasma interaction with a
dielectric wall and the transition between quasi-
neutral plasma and sheath have not been investigated
in detail. However, it was shown experimentally that
the dielectric material affects the discharge behavior
in the Hall thruster8. Very recently it was found that
use of sectioned electrodes inside the Hall thruster
channel have a considerable effect on the discharge
characteristics as well as thruster performance9,10.
These findings suggest that the effect of the plasma
interaction with a dielectric wall is an important issue
in Hall thrusters. The transition plasma-wall region
determines the particle and energy fluxes from the
plasma to the wall. It is well known that, in the case
when the wall has a negative potential with respect to
the plasma, the stationary electrostatic sheath
existence connects to the Bohm condition11,12.
Basically, this condition requires the ion acceleration
up to an energy equal to that of the electrons in the
quasi-neutral near-sheath region, called the presheath.
The formulation of the presheath problem in a
magnetic field was developed by Chodura13 in the
collisionless limit and by Riemann14 in the weak
collision case. In these models, the Boltzmann
distribution (BD) for the electrons was used in order
to determine the electric field. Generally, the electron
distribution function may be described by a BD when
the pressure gradient is equal to the electrical force.
This will occur when the plasma flow is parallel to
the magnetic field15. For the case of plasma flow
across a magnetic field, a fluid model was developed
both for electrons and ions16,17,18. It was shown that
generally the electron distribution function deviates
from the BD. It was also shown that even when the
plasma density dependence on the potential
corresponds to the BD, the presheath thickness
deviates from that calculated with a model based on
this assumption. Basically two modeling approaches
were undertaken in the past: particle simulation and
hydrodynamic approach. The variation of the first
approach is the hybrid models in which ions and
neutrals are treated as particles whereas electrons are
treated as a fluid19,20,21. In this approach, however,
very simplified boundary conditions are applied at the
walls without considering the plasma-wall transition.
Recently some attempt to include the near wall
plasma effects was taken22. In the second approach,
the 1D hydrodynamic description for all species is

employed23,24,25,26. Generally it is assumed that the ion
velocity at the quasi-neutral plasma edge is equal to
the Bohm speed and this determines the ion losses to
the wall. However, due to restrictions of 1D analyses,
the real boundary condition e. g. presheath structure,
where the conditions for the sheath entrance can be
developed were not considered. Due to specific
conditions of the plasma in Hall thrusters, i.e. ion
temperature significantly smaller than electron
temperature and substantial plasma acceleration in the
axial direction, it is not clear how conditions for the
sheath entrance are realized. In the present work we
will specifically consider in detail the plasma-sheath
transition.

Figure. 1. Schematic drawing of the acceleration channel
of the Hall thruster (not to scale)

The Model

It will be shown below that the presheath scale length
becomes comparable to the channel width under
typical conditions of the Hall thruster plasma flow.
Thus, the model for the quasi-neutral plasma region is
extended up to the sheath edge in order to provide the
boundary condition at the plasma-sheath interface as
shown in Fig. 1. In the following sections, a model of
the sheath in front of the dielectric wall, a quasi-
neutral plasma presheath model, and conditions for a
smooth transition between these regions are each
described.



Sheath and sheath-presheath interface

The smooth transition between sheath and presheath
is considered in the present work following the
methodology developed previously by Beilis and
Keidar18. The necessary condition for the existence of
a continuous solution for the sheath problem, when
the electric field at the sheath edge is assumed to be
equal to zero, is known as the Bohm criterion.
However under this assumption, the electric field at
the presheath edge approaches infinity (a singular
point). In such a case, a smooth matching of the
presheath and sheath solutions is impossible.
However, if the velocity at the sheath edge differs
slightly from the Bohm velocity, the electric field
becomes a continuous function as shown in Fig. 2.

It was shown that a monotonic solution for the sheath
problem could be obtained when the ion velocity at
the sheath edge is smaller than the Bohm
velocity18,27,28. In this case, the electric field becomes
a continuous function increasing from a small non-
zero value at the sheath edge up to a maximum value
at the wall as shown schematically in Fig. 2. The
solution criterion in that case is the minimal velocity
at the presheath-sheath interface that results in a
continuous solution for the potential distribution in
the sheath18. The present work will take into account
a non-zero electric field Eo at the presheath-sheath
interface that, in combination with the plasma
velocity at that interface Vo, will determine the
entrance conditions for the sheath.

Under typical steady state conditions, the potential
drop between the plasma and the wall is negative in
order to repel the excess of thermal electrons.
However, when the wall has substantial secondary
electron emission, the floating potential drop may be
different from that in the simple sheath. In the
considered range of parameters, the electrostatic
sheath can be considered as collisionless and
unmagnetized, since the Debye length is much less
that the collision mean free path and the Larmor
radius.

We employ a one-dimensional sheath model that is
based on the assumption that the sheath thickness is
much smaller than the plasma channel width.

Figure 2. Schematic of the plasma-wall transition layer.
The boundary where the ion velocity is equal to the sound
speed (V=Cs) corresponds to the solution with infinite
electric field at the presheath edge and zero electric field
at the sheath edge. The boundary at r’=0 corresponds to
smooth transition with monotonic potential behavior
across presheath and sheath.

Secondary electron emission from the dielectric wall
is taken into account. For simplicity only singly
charge ions are considered. The electrostatic potential
distribution in the sheath satisfies the Poisson
equation:

∇ 2ϕ = e/εo(ne1 –ni + ne2) ...................................(1)

where ϕ is the potential, ne1 is the density of plasma
electrons, ne2 is the density of secondary electrons, and
ni is the ion density. The plasma electrons are assumed
to obey the Boltzman distribution:

ne1=(no – ne2(0))exp (-eϕ/kTe) ..........................(2)

where ne2(0) is the density of the secondary electrons
at the sheath edge, r’=0 (see Fig. 2), and no is the
electron density at the sheath edge that is equal to the
ion density ni(0). The ions are assumed to be cold and
have at the presheath-sheath interface the energy Uio
= 1/2miVo

2, where Vo is the ion velocity at the sheath
edge (see Fig. 2) and mi is the ion mass. Ions have
free motion in the sheath and their density decreases
according to:

ni = no(Vo
2 + 2eϕ/m)-0.5 ....................................(3)
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The current continuity equation can be written in the
form:

je1+ ji - je2 = 0................................................... (4)

where je1 is the flux of the primary electrons from the
plasma,  ji is the ion flux and je2 is the flux of the
secondary electrons. From this equation one can
obtain that:

ne2Ve2 = s/(1-s) noVo ....................................... (5)

where s is the secondary electron emission coefficient
determined as s= je2/je1 . We will furthermore assume
that the electrons emitted from the surface are
monoenergetic and freely move in the sheath. The
boundary conditions for the sheath problem are the
following:

ϕ(0)=0; dϕ/dr (r’=0)=Eo and V=Vo................. (6)

Two parameters are critical for the sheath solution:
the electric field and the initial ion velocity. From the
current continuity equation (Eq. 4) one can calculate
the potential drop across the sheath ∆ϕw, as:

∆ϕw = kTe ln ((1-s)/Vo(2πme/kTe)0.5)............... (7)

This solution is similar to that described first by
Hobbs and Wesson29 except that they a priory
assumed the Bohm velocity at the sheath edge. One
can see that the potential drop across the sheath
decreases with the SEE coefficient. It should be noted
that in this model we have assumed that a monotonic
potential distribution exists. However, when the SEE
coefficient s approaches unity, the solution in form
(8) breaks down and when s exceeds a critical value,
a potential well forms such that a fraction of emitted
electrons are returned to the wall. This happens when
s is less than 1 and it was obtained that the critical
value of the SEE coefficient s* can be calculated as29:

s* = 1 - 8.3(me/mi)0.5 ....................................... (8)

From Eq. 8 it can be estimated that in the case of BN
(the dielectric material usually used in SPT), the
critical SEE coefficient is about 0.95 (Ref.29). In the
present work, only the monotonic potential
distribution in the sheath will be considered.

Plasma presheath model

The presheath model is based on the assumption that
the quasi-neutral region length (i.e. channel width R2-
R1, see Fig. 1) is much larger than the Debye radius
and therefore we will assume that Zini=ne=n, where Zi
is the ion mean charge, ni is the ion density and ne is
the electron density. For simplicity only single charge
ions are considered in this paper (Zi = 1). We will
consider the plasma flow in a cylindrical channel as
shown in Fig. 1. A magnetic field with only a radial
component, Br = B, is imposed. Cylindrical
coordinates will be used, as shown in Fig. 1, with
angle θ, radius r, and axial distance from the anode z,
respectively. The plasma flow starts in the near anode
region and has lateral boundaries near the dielectric
wall. The plasma presheath-sheath interface is
considered to be the lateral boundary for the plasma
flow region. A plasma will be considered with
'magnetized' electrons and 'unmagnetized' ions, i.e.
ρe<<L<<ρi, where ρe and ρi are the Larmor radii for
the electrons and ions respectively, and L is the
channel length. We employ a hydrodynamic model
assuming: (i) the system reaches a steady state, and
(ii) the electron component is not inertial. The
following system of equations describes the quasi-
neutral plasma:

nmi(Vi∇∇∇∇ )Vi=neE - ∇∇∇∇ Pi - βnminaVa .................(9)

∇⋅ (Vin) = βnna ...............................................(10)

∇⋅ (Vana) = - βnna ...........................................(11)

0 = - en(E+V×B) - ∇∇∇∇ Pe - nνmmeVe.................(12)

3
2∂(jeTe)/∂z = Qj - Qw - Qion .............................(13)

where n is the plasma density, β is the ionization rate,
Qj = jeE is the Joule heat, E is the axial component of
the electric field, je is the electron current density,
Qw = νwn (2kTe+(1-s)e∆ϕw) represents the wall
losses25, νw is the frequency of electron collisions
with walls, Qion= enanUiβ(Te) represents ionization
losses, Ui is the ionization potential (for Xenon,
Ui=12.1 eV), and β(Te) is the ionization coefficient
(we will use the same expression as in Ref. 24). The
last term in Eq. 9 stands for an effective drag force



due to non-elastic collisions similar to that used in
Ref. 30. To simplify the problem without missing the
major physical effects, we consider one-dimensional
flow of the neutrals. The equations for the heavy
particles (ions and neutrals) may be written in
component form in cylindrical coordinates by taking
into account that the ion temperature is much smaller
than the electron temperature (that makes it possible
to neglect the ion pressure term in the momentum
conservation equation):

∂(nVz)
∂z   + 

∂(nVr)
∂r  + 

nVr
r   = βnina ................... (14)

Vz

∂Vz
∂z   = - Vr 

∂Vz
∂r  + 

e
mi

Ez - βVana ............... (15)

Vz

∂Vr
∂z  = - Vr

∂Vr
∂r   +  

e
mi

Er .............................. (16)

∂(naVa)
∂z   = - βnina.......................................... (17)

In this model the electron flow (Eq. 12) will be
considered separately along and across magnetic field
lines. Due to the configuration of the magnetic field
(i.e. only the radial magnetic field component is
considered in the model as shown in Fig. 1), the
electron transport is greater in the azimuthal direction
(E×B drift) than in the axial direction (drift diffusion
due to collisions). According to Eq. 12, the electron
transport equation along the magnetic field can be
written as a balance between pressure and electric
forces assuming that the current component in the
radial direction is zero. If we assume that the electron
temperature is constant along each magnetic field line
we obtain that

ϕ  - 
kTe

e  lnn = const....................................... (18)

The left hand side of this equation is known as a
thermalized potential5. This equation makes it
possible to reduce the two-dimensional calculation of
the electric field to a one-dimensional problem.
According to Eq. 18 the electric field in the radial
direction Er (in Eq. 16) is determined by the electron
pressure gradient in this direction. Calculating the
potential distribution along the channel centerline

makes it possible to calculate the potential in the
entire domain using Eq. 18 similarly to Refs. 19, 21.
For known total discharge current and ion current
fraction one can calculate the electron current fraction
from the current continuity condition. The equation
describing the electron transport across the magnetic
field can be obtained from Eq. 12 and reads:

jez = en
µe

1+ (ωe/νm)2
 (Ez + 

∂Te
∂z  + Te

∂lnn
∂z ).......(19)

where νm =νen + νew + νB is the effective electron
collision frequency. In the next section we will
determine different components of the effective
electron collision frequency.

Electron collisions

For typical conditions of the Hall thruster, the effect
of Coulomb collisions appears to be negligibly
small20 and will not be considered here. The total
electron collision frequency considered in the present
model consists of electron-neutral collisions,
electron-wall collisions, and anomalous collisions
(Bohm diffusion). The electron-neutral collision
frequency may be estimated as follows:

νen= naσeaVe
th .........................................................(20)

where na is the neutral density, σea is the collision
cross section dependent on the electron energy22

(σea~(10÷40)×10-20m-2 for Xenon, in considered
energy range), and Ve

th is the electron thermal
velocity.

However, only including the classical mechanism of
collisions cannot explain the electron transport
observed in a Hall thruster. This was recognized long
ago by many authors5,6,19,20. Until now, however,
there is no consensus about which of the possible
mechanisms of electron transport is most significant
in the Hall thruster. Some suggest that electron
collisions with the walls play the major role20 while
others obtained reasonable solutions including
oscillations by assuming only anomalous transport19.
Recent experimental data support the idea that the
second type of collisions prevails especially near the
magnetic field peak31. In the present work we will
account for all these possible collisions.



The effective electron collision frequency related to
the anomalous transport (Bohm diffusion) can be
estimated as

νB = αωe , ...................................................... (21)

where α~1/16 is the Bohm empirical parameter in the
classical formulation. It will be shown below that the
exact value of this parameter affects the potential
drop across the channel. The best fit with the
experimental data on the potential drop for a given
discharge current corresponds to α~1/44 instead of
the classical value ~1/16. It should be noted that the
same conclusion derived by different authors was that
the best fit with the experiment corresponds to
α~1/80 ÷1/100 (Ref. 24,32).

Another possible non-classical mechanism of the
electron transport across a magnetic field is due to
collisions with a dielectric wall, the so-called near
wall conductivity33,34, that accounts for both elastic
and non-elastic electron collisions with a wall.
According to Ref. 35, the frequency of the electron
collisions with a wall can be estimated as

νew=Ve
th/h⋅exp(-∆ϕw/Te)................................ (22)

where h=R2-R1 is the channel width.

Boundary conditions

In order to obtain a solution of the system of
equations (14)-(22) the following boundary
conditions must be specified. At the upstream
boundary (z=0) we specify the density and velocity
similarly to Ref. 36 assuming an ion velocity
Vo=2x103 m/s near the anode that corresponds to an
ion temperature of 3 eV. This upstream condition
implies that we are considering only supersonic
plasma flow assuming that the transition from
subsonic to supersonic flow24 occurs in the anode
vicinity. The atom velocity near the anode is assumed
to be Voa=2x102 m/s (Ref. 20). The atom density at
the anode plane depends upon the mass flow rate that
will vary from 2-5 mg/s. At the downstream
boundary (thruster exit plane, z=L) we specify an
electron temperature of Te=10 eV (Ref. 20) that is
close to that measured in experiment37.

Numerical method

The numerical analysis is similar to that developed
previously38. We use the implicit two-layer method to
solve the system of equations (14)-(19). These
equations are approximated by a two layer six point
scheme. The electron temperature distribution is
calculated by iteration initially assuming a trial
temperature distribution that satisfies the boundary
conditions.

Results

Computations are performed for the geometry of the
SPT-100 type thruster that has a channel length of 3
cm, and inner and outer radii are respectively 3 cm
and 5 cm (Refs. 20, 39). The magnetic field axial
profile is similar to that used in Ref. 20 with a
magnetic field maximum of B=160 G near the
channel exit plane. All results are presented for the
fixed discharge current of 4.5 A and mass flow rate of
4 mg/s (Xenon). The SEE coefficient will be
considered in the range of 0.7-0.95 that correspond to
electron energy of 15-30 eV in the case of BN (Ref.
40). We have calculated thrust for these conditions
which is on the order of 50 mN that is close to that
measured in experiment41.

Firstly we present an analysis of the sheath solution.
As mentioned above, a monotonic potential
distribution in the sheath may be obtained if the
Bohm condition is fulfilled at the sheath edge.
However if at the same time the electric field at the
sheath edge is finite (non-zero), a monotonic solution
can be obtained even when the ion velocity at the
sheath edge is smaller than that determined by the
Bohm condition. The calculated relation between the
electric field and the ion velocity at the sheath edge is
shown in Fig. 3. One can see that the electric field
decreases from the characteristic value of Te/Rd (Rd is
the Debye length) down to zero when the velocity
approaches the Bohm velocity. In the present work,
the ion velocity in the quasi-neutral plasma presheath
up to the presheath edge is calculated from Eqs.(14-
16). This solution therefore establishes the electric
field at the sheath-presheath interface.



Figure 3. The relation between the electric field
(normalized by Te/Rd ) and the ion velocity (normalized by
Bohm velocity) at the plasma-sheath interface

The plasma density and radial velocity distribution is
shown in Fig. 4 (upper image). One can see that the
peak density that corresponds to the ionization zone is
somewhere in the middle of the channel. The radial
velocity component distribution (see Fig. 4 lower
image) shows that the region where the plasma
develops conditions for the entrance to the sheath is
close to the lateral walls of the channel. Ions are
accelerated in the direction normal to the wall, which
is also the direction of the magnetic field lines. This
is not a surprising result as the radial electric field is
parallel to the magnetic field lines according to Eq.
18. It may be seen also that further downstream the
velocity increases at the plasma (presheath) edge.
This effect is shown in more detail in Fig. 5 where the
velocity at the plasma edge is displayed as a function
of axial position.

It can be seen that the boundary velocity increases
with axial distance from about 0.7⋅Cs up to Cs. The
boundary velocity depends also on the secondary
electron emission coefficient. Generally speaking,
smaller SEE coefficient leads to higher velocity as
shown in Fig. 5.

Figure 4. Plasma density (normalized by the upstream
neutral density) and radial velocity component distributions
(normalized by the Bohm velocity).

Figure 5. The radial component of the plasma velocity at
the plasma-sheath interface (normalized by the Bohm
velocity) along centerline with the secondary electron
emission coefficient s as a parameter. The negative velocity
corresponds to the inner wall of the channel (r=R1) and the
positive velocity corresponds to the outer wall (r=R2)
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The plasma density distribution along the channel
centerline is shown in Fig. 6.

Figure 6. Plasma density distribution along the thruster
channel (centerline) with the secondary electron emission
coefficient s as a parameter (normalized by the upstream
neutral density).

Initially the plasma density increases due to
ionization and the region where the plasma density
has a maximum corresponds to the ionization zone.
As result of significant acceleration in the axial
direction, the plasma density decreases downstream
of the ionization zone as shown in Fig. 6. One can see
that near the channel exit plane, the plasma density is
higher in the case of the smaller SEE. It will be
shown below that in this case the electron
temperature is high near the channel exit plane that
enhances ionization leading to a higher plasma
density.

Figure 7. Electron temperature distribution along the
channel with the secondary electron emission coefficient s
as a parameter.

Axial distribution of the electron temperature is
shown in Fig. 7 with SEE coefficient s as a
parameter. One can see that the electron temperature
peaks at axial distances of about 0.7-0.8 L. The peak
electron temperature increases with coefficient s and
varies from 15 eV up to 30 eV when s decreases from
0.95 down to 0.8. In the first half of the channel, the
electron temperature is approximately constant and
does not depend on s. It should be noted that the
electron temperature predicted by the model is in the
range that was measured in experiments31,42,43.

Figure 8. Current-voltage characteristic of the discharge
in cross ExB field. Effect of the secondary electron
emission coefficient.

The current-voltage characteristic of the discharge is
shown in Fig. 8 where SEE coefficient s is used as a
parameter. It can be seen that the discharge voltage is
smaller in the case of the low emissive material for
the fixed discharge current. The current-voltage
characteristic predicted by the model and its
dependence on the secondary electron emission
coefficient are found to be in agreement with
experiment (Raitses et al8). In that experiment, the
current-voltage characteristics of two wall materials
(namely BN and glass ceramics) were measured
experimentally and compared. It should be noted that
the glass ceramics generally has a smaller SEE. When
the SEE coefficient decreases the discharge current
increases for a fixed discharge voltage.
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Discussion

This paper presents a traditional two-scale analysis of
the plasma-wall interface problem. The approach
undertaken is however different from the usual
presheath formulation since equations for the
presheath are formulated in a two dimensional
manner. An important conclusion that comes out
from the model is that the presheath has a 2D nature
even though the main dependence in the axial
direction is in the near wall region. Due to the plasma
losses on the wall, the radial density gradient is
increased. This density gradient leads to ion
acceleration in the radial direction that is the main
mechanism that provides the conditions at the sheath
edge (presheath mechanism).

Usually a two scale analysis implies that the electric
field at the sheath edge equals zero while the velocity
equals the Bohm velocity. However, in the specific
configuration of the Hall thruster, there may not be a
mechanism for ion acceleration up to the Bohm
speed. For instance, in the considered conditions, due
to the radial expansion and non-elastic collisions, the
ion velocity at the quasi-neutral plasma edge varies
from 0.5 to 1 of the Bohm velocity. This means that a
monotonic solution for the sheath problem is possible
when another additional condition (besides the
velocity at the sheath edge) must be formulated. This
additional condition was considered previously by
several authors. Beilis et al27 and Godyak and
Stenberg28 proposed the idea of a non-zero electric
field of the order of Te/Rd at the sheath entrance. The
results obtained by Beilis and Keidar18 in a magnetic
field suggest also that, generally, for the smooth
presheath-sheath transition, a non-zero electric field
at the sheath edge is required. It should be noted that
an electric field of the order of Te/Rd was also
measured recently44. In this paper we show that only
a combination of the electric field and the velocity at
the sheath edge (with relation between them shown in
Fig. 3) can provide smooth plasma-sheath transition
along the entire thruster channel.  Under the
considered conditions, ion acceleration towards the
wall varies along the axial distance therefore
changing the ion velocity at the sheath edge. In the
limiting case, when ions accelerate up to the Bohm
speed (near the Hall thruster channel exit plane), the
electric field required for the stable solution goes to

zero (similar to the traditional two scale problem
analysis) as shown in Fig. 3.

It was found that the SEE affects the current voltage
characteristic of the ExB discharge realized in Hall
thrusters. It was shown that the discharge voltage is
smaller in the case of low emissive material for a
fixed discharge current. The reason for this behavior
can be understood as follows. Smaller SEE leads to
higher electron temperature since less cold secondary
electrons are entering the discharge. As a result, the
ionization is enhanced and electron density increases
as shown in Fig. 6. Therefore, both ion and electron
current density increase that eventually leads to total
current increase.

Conclusions

The dielectric wall affects the plasma flow inside the
Hall thruster channel through the effective coefficient
of the secondary electron emission (SEE), s. It was
found that in the considered condition, the presheath
scale length becomes comparable to the channel
width so that the plasma channel becomes an
effective presheath. The radial ion velocity
component at the plasma-sheath interface varies
along the thruster channel from about 0.5Cs (Cs is the
Bohm velocity) near the anode up to the Bohm
velocity near the exit plane, depending on the SEE
coefficient. It was obtained that the secondary
electron emission significantly affects the electron
temperature distribution along the channel. For
instance, in the case of s=0.95, the electron
temperature peaked at about 16 eV while in the case
of s=0.8 it peaked at about 30 eV. The model
predictions on the dependence of the current-voltage
characteristic of the ExB discharge on the SEE
coefficient were found to be in agreement with
experiment.
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