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by empirical, rather than analytical predictive
methods. The principal goal of numerical models is
to describe the energy transfer processes within the
thrusters and, ultimately, to provide estimates of
the thruster performance. For the most part, efforts to model the complex plasma dynamics within
the arcjet have proven difficult but not impossible.
For a limited range of thruster geometries, a few
models can accurately predict the observed performance trends. Their results often compare reasonably well with measured performance for given
thruster configurations. The contribution of these
models to the understanding of the trades between
competing physical processes, the development of
design criteria to control certain phenomena, and
guidance for test of advanced designs have increased substantially. With continued improvement in modeling techniques, the next generation
of performance models may prove capable of faithfully representing changes in performance resulting from significant changes in geometry.

Abstract
Recent experimental and single fluid numerical results are compared. Two refinements to the
single fluid model are described. These are the addition of an anode thermal conduction solver to
provide realistic thermal profiles to the fluid and
species diffusion. The anode thermal conduction
solver is shown to provide a small improvement for
hydrogen arcjets where the heat load is roughly
split between fluid heat conduction and heat flow
from the plasma sheath. Species diffusion provides
a significant improvement in voltage current characteristics and promises a better anode thermal
profile when diffusion and the anode thermal conduction solver are used together.
Introduction
Arcjet thrusters offer significant savings in
satellite propulsion system mass for a variety of
missions ranging from north-south stationkeeping
to orbit maneuvering to orbit transfer. For many
mission scenarios, this reduction in on-orbit mass
enables launches with smaller boosters than required by other propulsion systems. With flight
qualification of the low power arcjet in 1991 for
north-south stationkeeping, 1 attention has turned
toward the improvement of present technology and
investigation of new concepts to meet the performance requirements of orbit maneuvering, repositioning, and transfer. Improvement in both specific
impulse (Isp) and thrust efficiency (r) at power levels ranging from 2 kW to 30 kW are required to accomplish these goals.

The ultimate objective of our efforts is to therefore provide a self-consistent, first-principles model
representing the essential arcjet physics over a useful range of arcjet configurations. A few technical
obstacles remain to the accomplishment of this
task. Earlier modeling work by a number of investigators has provided a basic view of the arcjet
physics. 2 ,3,4, 5
An important energy exchange process in arcjets is the heat transfer between the plasma and
the anode wall. 6 To achieve high specific impulse
and thrust efficiency, it is necessary to increase the
specific energy (input electrical power divided by
propellant mass flow rate) of the arcjet. The limiting specific energy is reached when the anode becomes detrimentally affected by the high heat
fluxes that accompany these energies. Improving
the performance of arcjets for all power levels will
depend heavily upon understanding the interaction
between the plasma and the anode.

Understanding the physical processes and design requirements of arcjet thrusters remains the
key to advancing the technology. Improvements in
performance, however, have been achieved largely
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Comparisons of measured and predicted exit
plane velocities and temperatures have also suggested the need for modeling of diffusive transport
in single fluid models or the use of multifluid modeling approaches. 7 In spite of their increased corplexity, multifluid, multi-temperature approaches
offer the benefit of more accurately representing
the transport of energy within the arcjet. In fact,
recent multifluid modeling efforts have produced
very encouraging results for an arcjet operating at
11kW. 8

d) the transfer of energy to and from the anode by conduction and convection,

The
The objective
objective of
of this
this paper
paper is
is to
to describe
describe improvements to our single fluid (1-F) performance
model. The focus of our efforts has been first, to include the effects of anode-plasma heat transfer for
a thermally "active" anode, and second, to include
diffusion of mass and energy throughout the arcjet
follow, we
which follow,
flow field. In
In the sections which
we present
present
a brief description of the physical problem, a description of the 1-F modeling approach, the basic
assumptions of the improved model, and a discussion of the modeling results to date.

Figure 1 presents a summary sketch of the
physics at work within a conventional arcjet
thruster. The discharge has been traditionally considered as a wall and vortex stabilized arc. The arc
emanates from the cathode, passes through the
diffuse
a
in
attaches
and
constrictor,
(nondestructive) manner along the expanding portion of the nozzle (anode). The propellant is injected
upstream of the cathode tip with an azimuthal
component of velocity. The propellant "merges"
with the arc as it passes from the arcjet plenum
through the constrictor and into the expanding portion of the nozzle. The merging of the arc with the
propellant gas is a complex and continuous process,
No distinct boundary between arc and non-arc fluid
can be drawn. Some of the important physical features of this process include:

c)

the transport of energy by diffusion of
lighter reactive species,

f)

the transfer of energy to the electrodes
through the motion of charged particles
through the anode and cathode fall zones,
and

g)

the radiation of energy from the hot plasma
to the surrounding fluid.

A Single Fluid Performance Model
Equations for the Plasma
The equations of motion for the 1-F model are
presented in Figure 2. They include the conservation equations for mass, momentum, and energy as
well as relationships which govern the behavior of
Certain of
the magnetic and electric fields.
Maxwell's equations have been used to arrive at
this set. Each equation is written in terms of the
substantial derivatives (Lagrangian frame of reference) which are required in the numerical scheme.
The continuity equations (Equation 1) are written
for each species showing the time rate of change of
species mass due to changes in volume, transport
by diffusion, and chemical reaction. Equation 2 expresses the momentum balance for the fluid. It includes the effects of pressure gradients, viscosity,

a) the dissipation of ohmic energy by collision
of electrons with heavier particles (ions and
neutrals),
dissociation, ionization, and recombination
of the reactive species,

the dissipation of momentum and energy by
viscous forces,

Typical low power arcjets have constrictor diameters on the order of 0.05 cm, nominal expansion
angles of 20 and exit diameters of 0.5 cm. Moving
up in power to 30 kW, representative constrictor
and exit dimensions increase
0.5 cm and 5 cm reto 0.5
and exit dimensions increase to
spectively. The physical characteristics of the arcjet
flow field vary from a nearly fully ionized asma at
temperatures in excess of 20,000 K near the cathode tip to a relatively cold plasma (1000-2000 K )
at the anode. Moreover, velocities vary from approximately 1 x 106 cm/sec on centerline to zero at
the wall. Attempts to model the various processes
listed above must account for the motion of the
plasma, the large gradients in chemical composition and fluid properties, and the relatively short
residence times. For the most part, the arcjet's performance depends largely on gradient driven,
nonequilibrium processes.
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and the ambipolar electric field. Equation 3 describes the changes in energy due to pressure-work,
viscous dissipation, heat conduction, ohmic dissipation, transport by diffusion, and finite-rate chemistry.

the incoming gas adjusted to match the specified
mass flow rate.
Side 2p of the plasma is "outflow" and is considered a fixed-pressure boundary. A constant, low
pressure condition is set to insure a continuous expansion to space conditions. This is the simplest
condition to apply since the exit flow is supersonic
near the centerline and subsonic near the anode.
Recent investigations have shown, however, that
further refinement of exit plane condition may be
warranted. The magnetic field is set to zero at this
boundary to force current attachment within the
arcjet.

Finally, an equation for the time rate of change
of magnetic field (Equation 4) is derived following
standard convention. 9 The solution of Equation 4
is further simplified by employing the quasi-steady
aB
assumption 0. This is permissible since the
at
characteristic time for changes in B is orders of
magnitude smaller than any other physical time
scale. The resulting magnetic field solution is key
to estimating ohmic dissipation and arcjet perforSand
mance. Once B has been obtained, the current

Side 3p runs along the centerline of the arcjet
.
is considered a line of symmetry for all parameters.

density ( J ) and electric field (E ) follow directly

Side 4p represents the anode surface. No mass
P
transport (except electrons) is permitted across this
boundary. The value for the magnetic field is set
by requiring the current to be normal to the anode

from Equation 5 (Faraday's Law) and an appropriate form of Ohm's Law, Equation 6.
Plasma Boundary Conditions

surface. This condition means that (Vx B) n = 0
everywhere along the anode, or in other words, the
anode is an equipotential surface. No other restriction on current density or magnetic field is employed. The heat transfer to the anode from the
plasma is determined by adding the plasma sheath
losses plus the flux due to conduction. In the present model, the anode fall loss is approximated as a
constant "effective" fall voltage times the local current density. The "effective" fall voltage in this
case represents the sum of the sheath losses and
the anode work function. The electron enthalpy
flux for all cases has been assumed to be part of the
sheath losses.

The arcjet boundary conditions are illustrated
for a typical cathode-anode geometry in Figure 3.
The computational domains of the fluid and anode
each have four sides. The subscripts "p" and "a"
represent surfaces of the plasma and anode computational domain. For the plasma, side lp runs from
the cathode tip, across the inlet, to the anode wall.
Pressure, density, energy, temperature, composition, and velocity are specified along this "inflow"
boundary. Along the cathode surface, the velocity
is set to zero so that the flux of mass and momentum are identically zero (except electrons). Energy
transport via conduction and convection is permitted along the entire side. The propellent enters
parallel to both the cathode and anode surfaces
along side lp from the edge of the cathode to the
anode wall. A current distribution is specified
along the cathode to represent the discharge, and
the corresponding azimuthal magnetic field is calculated along the boundary. The current consists
entirely of electrons and is assumed to leave normal to the cathode surface. Cathode temperatures
range from 3600 K at the cathode to tip to roughly
2000 K at its upstream computational boundary.
This variation is consistent with experimental observation and separate cathode temperature calculations.
The composition, density, and energy
along the boundary are then set, and the velocity of

Approach to the Plasma Solution
The flow of the hydrodynamic solution has been
described in detail previously. The kernel of the
code is a nonsteady, two-dimensionallaxisymmetric,
finite volume hydrodynamics algorithm developed
at Los Alamos National Laboratory. 10 A detailed
discussion of the underlying numerical method may
be found in Reference 2. A computational cycle begins with a Lagrangian sweep over the cells which
is followed by a remapping to the fixed Eulerian
grid.
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The Lagrangian portion of the calculation is divided into two phases. In Phase 1, changes in the
fluid dynamic state of the fluid are assumed to take
place at fixed composition. The individual mass elements (computational cells) start from their initial
top-of-cycle state and are acted upon by the various
hydrodynamic forces and energy exchange processes. Plasma transport properties are estimated
at designated intervals using the method described
by Yos. 11 Thermodynamic properties are calculated
as needed using high temperature curve fits in
JANNAF format. 12 Since no distinction is made
concerning internal energy modes, the use of these
curve fits means that the relaxation rate of internal
energy modes is essentially infinite,

Anode Energy Equation

Phase 2 of the Lagrangian calculation considers
the effects of diffusion and chemical reaction. The
change in species concentration and energy due to
diffusion is determined face-by-face and cell-by-cell.
To ensure mass conservation, a correction flux is
calculated for each cell face using the constraint
that there be no net mass flux across the face.
Mass conservation is achieved when this correction
flux multiplied by its mass fraction is added to each
individual species flux. This procedure is analogous
to the use of a correction velocity in finite difference
schemes. 13 For the results reported here pressure
and temperature gradient effects were not
considered. Finally, the chemical rate expressions
are integrated cell-by-cell in an implicit fashion. A
single temperature is assigned to the fluid consistent with its internal energy and composition. Arrhenius rate expressions are used to determine the
time-rate-of-change of each species. The last summation in Equation 3 thus represents the change in
internal energy due to chemical activity,

A
Anode Boundary Conditions

Equation 8 of Figure 2 describes the energy
balance within the solid anode. Material properties
such as thermal conductivity and surface emissivity
are taken from standard references. The thermal
conductivity of the solid varies with temperature
and is estimated using appropriate curve fits.
Since only steady state solutions are of present interest, the anode solver (discussed in detail below)
is called to solve this equation with its boundary
conditions at specified time intervals. This avoids
dealing with the largely disparate plasma and solid
conduction time scales. The anode thermal solution
thus marches in a step-wise fashion to its final time
steady condition.

As illustrated in Figure 3, the four anode
4
boundaries are labeled as sides 1 a through ,. For
the anode thermal problem, side 1a is assigned a
fixed temperature approximately equal to the anticipated injector temperature. This boundary condition exerts a large influence on the anode temperature solution. To better represent the physical
situation, the use of a flux condition on this surface
is presently being evaluated. This would allow the
temperatures to vary smoothly from the interior to
the exterior surface. The flux on sides 2 a and 4 a
are assumed to radiate to free space at the local
4
. All surface
u r fa ce
(
tep
emissivities are taken as 0.32 which is representative of tungsten. Furthermore, the plasma is considered optically thin so that the radiation from all
surfaces is considered lost. Along the plasma-anode interface (side 4p or 3 a), the flux is determined
by a combination of conduction/convection to-orfrom the plasma and radiative transport in the axial direction.

In the final Eulerian portion of the cycle, the
field is remapped to the stationary grid according
to the Reynold's transport theorem 14

at - dt

n' q u ds

-

(1)

Improvements to the Single Fluid Model
Anode Solver

S

There have been numerous experimental instances where the plasma-anode interaction has
limited arcjet performance. It was found in tests of
intermediate power hydrogen arcjets 15 that efforts
to increase frozen flow efficiency in some cases resulted in reduced thermal efficiency as the recov-

where the partial derivative gives the change of the
property Q in the Eulerian control volume, and the
integral is over the surface of the control volume,
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flow field and the anode temperature distribution
are coupled and must be solved together.

ered energy was simply transferred to the anode
instead of as added thrust. The plasma-anode energy transfer becomes more important for lower
power arcjets where the anode surface area to
plasma volume ratio increases. High heat fluxes
near the constrictor have limited the specific energy achievable in recent low power arcjet experiments. 16

A module that solves for the anode temperature
distribution has been developed to couple with the
arcjet flow field solver. The module solves for the
temperature distribution inside the anode given a
heat flux along the fluid-anode interface, an additional heat flux equal to the product of the current
density times a specified anode fall voltage, a temperature-dependent thermal conductivity of the
anode material, and the anode surface emissivity.
Either a specified temperature or heat flux on the
upstream boundary of the anode may be specified.
The solver accounts for radiation from the anode's
outward facing surfaces and conduction back to the
upstream portion of the arcjet structure.

An example of the importance of understanding
the plasma-anode energy transfer is shown in Figure 4. Experimental anode exterior surface terperatures, as measured by a CID thermal mapping
system described elsewhere, 15 are shown for several arcjet operating conditions. The arcjet used in
all four cases has a constrictor diameter and length
of 0.127 cm (.050 inches), a nozzle expansion ratio
of 250:1, and a nozzle expansion half angle of 20°.
The vortex stabilized arcjet runs on hydrogen propellant. The baseline case has a 10 kW input
power and specific energy of 150 MJ/kg. There are
then two variations from this baseline point. In
one case, the power is held fixed at 10 kW, but the
specific energy is increased to 200 MJ/kg. The anode temperature rises by nearly 600 "F at all points
on the plot. Clearly the reduced mass flow rate increases the propellant enthalpy, temperature, and
heat conduction to the anode. Also the current attachment zone is most likely shortened. The second case is an increase in power from 10 kW to 14
kW while maintaining the same specific energy at
150 MJ/kg. Although the input power has been increased by 40%, the anode temperatures are 100 to
200 *F cooler than in the baseline case. There is
clearly more energy going into the propellant, but
less is being radiated by the anode. The higher
flow rates result in additional cooling of the arcjet
body upstream of the anode, resulting in overall
cooler temperatures. In an attempt to understand
these energy exchanges and apply this understanding toward improving arcjet design, an extension of
an existing arcjet model has been developed to
solve for the arcjet flow field - anode interaction,

The anode has a large thermal inertia which
acts to average out any fluctuations in the fluid
heat load. The steady state anode temperature solution is based upon a time averaged heat flux from
the fluid and is updated periodically.
Since the radiation boundary conditions are
nonlinear functions of temperature, the conduction
equation is solved iteratively.
Numerical Results With Anode Solver
The anode temperature profiles are derived
from the arc attachment and fluid heat transfer to
the anode. Arc current distribution drives the fluid
temperature and anode sheath heat flux. Figure 5a
is a contour plot of enclosed current in the arcjet
flow field, which can also be interpreted as current
streamlines. This is a 10 kW, 150 MJ/kg simulation for the arcjet geometry described above. It is
important to note that the current attachment is a
result of the simulation and is not specified a priori.
The current attachment to a large extent determines the heat load to the anode. It can be seen
from the figure that there is some current density
upstream of the constrictor, intense current density
in the constrictor, and a reduced current density in
the nozzle. Figure 5b will be discussed later.

Previously, the anode wall has been modeled as
a fixed temperature boundary, and the solution for
the flow field inside the arcjet is quite sensitive to
17
Arcjet
that specified anode wall temperature.
flows are characterized by large viscous and thermal boundary layers. In other words thermal conditions at the wall are communicated deep into the
flow field to the centerline. Therefore the arcjet

Figure 6 is a plot of the heat flux incident on
the anode inner surface for the same case. Two
simulations are plotted: one with the anode solver
module and one without the anode solver. For the
case without the anode solver, the entire anode was
assumed to be at 1600 K. For the case with the an-
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ode solver, the upstream side 1 a temperature was
1400 K. Negative values of flux indicate that the
anode is heating the fluid; positive values indicate
the reverse. The constrictor inlet is at an axial position of zero on the chart, and the nozzle exit is at
the right edge of the plot. The maximum flux to
the anode (between 5000 and 6000 W/cm 2 ) occurs
near the constrictor exit for both cases. The anode
solver predicts a total heat flux to the anode of 1615
Watts, whereas the case without anode solver predicts 1758 Watts.

tion results are at least 150 s higher than the experimental data. Three simulations at 10 kW show
the effect of varying the upstream boundary (side
la in Figure 3) from 1200 K to 1600 K. The value
of this fixed temperature boundary changes the
overall anode temperatures and affects the heat
loss to the anode and performance to some degree.
However, the effect of a 400 K temperature change
on the side 1a temperature changes Isp only 20
seconds. The use of the anode temperature solver
improves the simulation, but the performance calculation still shows a marked difference from experiment.

Figure 7 shows isotherms in the anode computational domain. The highest temperatures, 1638
K, occur with the current concentration near the
constrictor. The exterior temperatures reflect the
effects of the heat load and constant 1400 K side 1 a
anode boundary condition.

Species Diffusion
Comparison of calculations without diffusion
and measurements of 1 kW hydrogen arcjets shows
significant differences in temperature and electron
density at the exit plane. 7 Experiment shows
higher temperatures on centerline than the calculation. One theory is that diffusion tends to move
lighter species such as ions and electrons away
from the arc core. A reduction in electron density
will reduce conductivity, and raise temperatures in
the arc, and may result in higher temperatures on
centerline downstream at the exit. Higher temperatures for equal pressure mean that the density on
center will be lower as well.

Figure 8 is an axial plot of the predicted anode
exterior surface temperatures vs. the temperatures
measured by the CID thermal imaging system.
The constrictor inlet is at an axial position of zero
on the chart, and the nozzle exit is near the right
edge of the plot. In both the experiment and simulation, the operating conditions are 10 kW,
150 MJ/kg with hydrogen propellant. The anode
solver upstream boundary temperature was set at
1400 K. Clearly, there is large discrepancy between the predicted and measured profiles. The
most glaring disagreement is in the trend. The anode solver predicts that the temperature drops
along the nozzle toward the exit where, in reality,
the temperature actually increases,

Further evidence that diffusion should be included in arcjet simulations is shown in figure 10.
The ratio of diffusion speed to mass averaged speed
is shown vs. non-dimensional radius at three axial
locations in a low power, 1.4 kW hydrogen arcjet
simulation. Near the centerline and at the constrictor entrance and exit, diffusion speed is about
4% of mass averaged speed. Halfway down the
nozzle at A/Ac=136, the ratio is 1% near the anode.
Although locally a small value, diffusion has an integral effect along a streamline and can drive significant changes in species populations.

Given that the anode solver predicts the correct
temperatures when given the correct boundary
fluxes, it is most likely that the flux incident on the
anode from the fluid is not correct. One explanation is that by not accounting for diffusion of light
weight species, there are fewer electrons near the
anode wall than there should be. This implies that
the current distribution is wrong and that the calculated thermal conductivity of the gas near the
wall is too low.

Numerical Results With Diffusion
In the following, a comparison of one case run
with and without species diffusion will be shown.
The case considered here is a 10 kW arcjet simulation at a power to flow rate ratio of 150 MJ/kg. The
geometry of the simulated arcjet is described in the
preceding text. A constant 1400 K anode temperature boundary condition is used in the diffusion

A comparison of experimental performance
data with KARNAC simulations using the anode
solver is shown in Figure 9. Experimental data
taken from 6 to 14 kW shows a peak Isp occurring
at 10 kW. The simulations show Isp monotonically
increasing from 6 to 14 kW. Moreover the simula-
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sion.. Also note that because the current profile
has shifted downstream (refer to Figure 6), the anode heat flux also peaks in the nozzle for the case
with diffusion. The shift in heat flux will result in
an anode temperature distribution that more
closely resembles experimental data.

case, while the anode temperature solver is used
for the case without diffusion,
For the 10 kW simulation without diffusion, it
is necessary to apply an electrical conductivity floor
of 1.9x10 1 1 sec- 1 . This floor provides adequate conductivity for the arc near the nozzle wall, where
electron densities are small, on the order of
108 /cm 3 . With this conductivity floor, the simulated voltage current characteristic match experi-

Summary
conduction solu
tn to te l
e
o
common boundary
tion to the fluid by means of a common boundary
temperature has made a slight improvement toward resolving the difference between experimental and simulated performance characteristics. The
dependt on he
m
atre is stron
ande
is strongly dependent on the
anode temperature
the
it
boundary condition connecting the anode to the
The addition of a
.
remainder of the arcjet body. The addition of a
simple equation representing the cooling capacity
of incoming propellant to the heat flux transferred
from the anode to the body of the arcjet is viewed
as an important addition.

mental data.
When species diffusion is used no conductivity
When species diffusion is used no conductivity
floor is needed. For this diffusion case, arc current
and voltage exclusive of sheath drops are 62 A and
150 V compared with 70.9 A and 142 V for the
150 V compared with 70.9 A and 142 V for the
experment.
current streamlines for the
Figure 5b shows
so
the
igur u 5 nh trea
simulation with diffusion. Figure 5a shows the
simulation without diffusion, and a comparison
shows a marked difference in the peak current attachment location. With the conductivity floor and
without
without diffusion,
diffusion, the
te peak
peak current
current attachment
a
ent is
is
in the constrictor. With diffusion and no conductivity floor, the peak current attachment is in the diverging part of the nozzle. Current streamlines
dk,
a wl
wi
o thed
without diffusion have a well defined knee, dewithout diffusion have a well defined knee, demarking the region where conductivity is set at the

Addition of species diffusion to the model sigAddition of species diffusion to the model signear the annificantly changes the electron density
nificantly changes the electron density near the anode and results in a significant shift in current distribution. The shift in current distribution moves
the pk het fu due to the sheh fo te con
the peak heat flux due to the sheath from the conA ,
t t
d
s
stricter to the diverging nozzle. Also, since the
higher density of charged particles increases therthe
the het fx coucd
m aal conducti,
l conduction, the heat flux conducted into the
anode increases when species diffusion is added.
The combination of the shift in peak heat flux plus
the increase in overall heat flux is expected to resolve differences between modeled and measured
anode temperatures. Finally, with diffusion, no
conductivity minimum is used and voltage current
characteristics approach experimental values.

floor of 1.9x10 1 1 sec- 1 . With diffusion the current
attachment will move further downstream and the
temperature distribution will more closely follow
the experimental results.
Figure 11 shows temperature vs. radius at the
constrictor exit. Note that the centerline temperatures are 5000 K higher for the diffusion case. In a
corresponding manner, the electron number density on centerline is slightly lower for the diffusion
case, shown in Figure 12. Near the constrictor
wall, the electron number density is three orders of
magnitude greater with diffusion against the case
without diffusion. With diffusion, the electron density is higher along the entire anode surface.

Combination of the anode thermal solver and
species diffusion is the next step in improving the
single fluid arcjet simulation code. The combination of these two modules is expected to provide a
workhorse code useful for the design of hydrogen,
ammonia, and hydrazine arcjets from low to high
power and of various geometries.

Higher densities of charged particles result in
increased thermal conductivity. Anode heat flux is
computed based upon convection plus power dissipated in a 13 volt anode fall. Anode heat flux for
simulations with and without diffusion is shown in
Figure 13. The total heat flux into the anode is
1925 watts for the case with diffusion, approximately 300 watts more than the case without diffu-
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Figure 1

Key Phisics of the Arcjet Includes Ohmic Heating, Conductive and Radiative Heat Transport, Nonequilibirum
Chemistry, Diffusion, and Fluid Mechanics
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GLOBAL CONSERVATION OF MOMENTUM:
PU

=l-Vp +V - +EA .qz,

where

E = E +xB

(2)

Si
GLOBAL CONSERVATION OF ENERGY:

=-pe)pV

dl

INDUCTION

+

2

p:-V

EQUATION:

FARADAY'S

LAW:

(3)

-- vc+(pv.)
1as
t

VxB

-

I =

4n

-V

c-

(VVx

(4)

(5)

(VxB)

OHM'S LAW:

i= o(E+)-)

(6)

EQUATION OF STATE :

P = nkT

(7)

ANODE ENERGY EQUATION:

pCvl = VKVT
I(
diFigure
Single
2
Fluid
Equations

Figure 2

Single Fluid Equations
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Anode Isotherms for 10 kW Arcjet Simulation
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Figure 13 Anode Heat Flux With and Without Diffusion

