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he simulation of thermal radiation

propagation ranks among the most

difficult class of transport

problems. These problems are
highly nonlinear, and the fundamental
unknown (the radiation intensity) can be a
function of seven independent variables [in
three dimensions (3-D)]. One of the most
successful and widely used methods in
thermal radiation transport is the Implicit
Monte Carlo (IMC) method [1]. This method
is a two-temperature (2T) scheme that
includes radiation and material coupling
where the matter is represented by a single
temperature.

A more accurate description of the radiation
and material coupling represents the ions
and electrons by distinct, separate
temperatures [2]. The resulting three-
temperature (3T) equations for the time
evolution of the radiation, electron, and ion
energies include terms representing
electron-ion coupling and conduction [3].
Conventionally, this system of equations is
solved using radiation diffusion with
operator-split conduction and coupling [4].

The objective of this study is to extend the
standard IMC method to include 3T physics.
Descriptions of matter that include separate
energies for electrons and ions are important
in high energy density physics applications
and astrophysics [5]. We derive three
methods for solving the 3T equations using
IMC. The first method (FSIMC) uses the
standard IMC technique to simulate
radiation transport. The conduction and
coupling terms are linearized and split into
separate equations that are solved
independently. A second method (SCIMC)
uses a more robust splitting scheme in
which half of the coupling is treated during
the transport simulation. The conduction is
split from the ion and electron equations
and is solved subsequently. Afterwards, the
second half of the coupling is solved.

The third method (ECIMC) treats the
conduction explicitly and includes all of the
conduction and coupling in the linearization
of the transport equation. This is a good
approximation when the conduction
timescales are much longer than the
radiation-transport timescales. We expect
this to be the case for most problems
because the conduction timescales are
related to the electron thermal velocity
whereas the radiation moves at the speed of
light. The resulting system has three
equations: a Monte Carlo transport equation
and two decoupled energy equations for
electrons and ions.

We use Modified Equation Analysis (MEA)
[6] to estimate the errors that result from
operator splits and linearization. In short,
MEA uses Taylor series expansions to
convert from a discrete to continuous
system of equations. The resulting set of
modified equations consists of the original
continuous system plus error terms. Figure
1 shows the results of each IMC method on
a source-driven 3T test problem. Using
MEA, we have plotted the magnitude of the
error terms for this problem in Fig. 2. The
error terms A and B dominate, and because
these terms are only present in the SCIMC
and FSIMC methods, they account for the
improved accuracy of the ECIMC method
illustrated in Fig. 1.

In this study we have presented three IMC
methods for performing 3T radiation-
transport calculations. We have shown that
the ECIMC method is considerably more
accurate than the SCIMC and FSIMC
methods in problems where the ions and
electrons are decoupled. The ECIMC
method will only be viable in problems
where the electron and ion conduction
timescale is slow compared to the radiation
timescale. In cases where the conduction
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Fig. 1.

Comparison of three
IMC methods on a
Gaussian ion source
problem. The ECIMC
method is the most

accurate.

Fig. 2.

Magnitude of the error
terms that result from
the linearization and
splitting strategies em-
ployed in the three IMC
methods. The C, D, and
E terms are present in
all three methods. The
A and B terms are only
present in the SCIMC
and FSIMC methods.
The B term is twice

as large in the FSIMC
method (not plotted).
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