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Abstract—The paper is devoted to the theoretical and computational study of compression and energy release
for magneto-inertial plasma confinement. This approach makes it possible to create new high-density plasma
sources, apply them in materials science experiments, and use them in promising areas of power engineering.
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INTRODUCTION

Recently, experimental and theoretical studies [1—
5] of the magneto-inertial plasma confinement
method or magneto-inertial fusion (MIF), which is
based on a combination of external plasma heating
sources (drivers, i.e., laser beams or supersonic plasma
jets) and a seed magnetic field, have been notably
developed. Under this approach, it is of fundamental
importance to have a seed magnetic field that is ampli-
fied by laser target compression and prevents electron
heat transfer, which takes energy from the central
heated part, and that can hold almost all the emitted
fast charged particles, which after several nuclear scat-
tering events expend their energy on heating of the
adjacent plasma regions.

Note that in [4] the authors provided initial esti-
mates of the thermophysical plasma parameters and of
the energy costs of the electromagnetic field compres-
sion and eddy currents.

In this paper, the compression and heating of a
magnetized cylindrically symmetric target exposed to
the laser driver are computer simulated [6—8].

FORMULATION OF PROBLEM
AND NUMERICAL METHOD
FOR CALCULATING PLASMA PARAMETERS

A mathematical model describing the physical pro-
cesses in a cylindrically symmetric MIF target is given
in [4, 9, 10] and is based on one-dimensional equa-
tions of radiation plasmodynamics: the system of
Euler equations; the transfer equation for intrinsic
broadband radiation, the magnetic induction equa-
tion; the laser radiation transfer equation; methods for

calculating the equations of state of matter and the
absorption coefficients of laser radiation, which deter-
mine the conditions for the onset and flow of a self-
sustaining fusion reaction.

The region of computation and the MIF target
consist of the central part and one coaxial layer. They
are cylindrically shaped with the following range of
values of the initial parameters of the target and the
medium:

The central part of the target (radius of the nucleus
R,=0.05cm) is filled with a D—T mixture with a den-
sity of p =5 x 1072 g/cm?® and an initial temperature of
T= 297 K. It is surrounded by a coaxial layer (with an
outer radius of R, = 0.1 cm) consisting of metal (Al)
with a density of p = 2.7 g/cm? and an initial tempera-
ture of T =297 K.

The region of computation has an outer radius of
[= 0.2 cm. Thermodynamic parameters of the exter-
nal rarefied medium (consisting of Ar) are given by the
values 7=297 Kand p = 2.7 x 1073 g/cm’.

Initial values of the strength of the seed magnetic
field in a rarefied medium are the fractions of a tesla.
The spectral flux and the bulk density of broadband
radiation and the laser flux for r € [0, /] at the initial
time ¢ = 0 are zero.

Despite the one-dimensional nature of the consid-
ered problem, it imposes serious requirements on the
numerical method used to solve it:

The computational model should have improved
dispersive and dissipative properties, be energy effi-
cient, have the property of monotonicity, and approx-
imate smooth solutions preferably with the highest
possible accuracy.
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Fig. 1. Spatial distribution of pressure (a) and density (b) at
the time = 0.19 ns.

These requirements are satisfied by the numerical
method developed and described in [4, 9, 10]. Note
that this numerical method allows computer simula-
tion of all the basic physical patterns inherent in MIF.

INDIVIDUAL COMPUTATIONAL RESULTS
The convective and thermal parts of the computer tar-

get model were tested in studies of the authors [9, 10].
The group of calculations carried out in the paper
with a radiation flux density at the level of

Giae = 1x10”=1x10"" W/cm? showed that the laser
compression of a target located in an external mag-
netic field with respect to the time # can be conven-
tionally represented in the form of three stages:

» Initial compression stage of the magnetized
target.

» Collapse stage of the plasma target.

PHYSICS OF ATOMIC NUCLEI

Fig. 2. Spatial distribution of magnetic pressure (a) and
laser flux (b) at the time # = 0.19 ns.

» Spread stage of plasma formation.
Next, let us provide a brief description of the results

obtained for the laser flux density g,,, = 610 " W/em?,

Figures 1—4 show the distributions of static pres-
sure P and magnetic pressure P,,,,, density p and tem-

mag>
perature 7, and flux of total ¢ and laser q,,, radiation
corresponding to the stages of compression of targets
for the MIF and the following parameters of the math-
ematical model:

+ Local (thermonuclear) energy release Q. # 0
into the electronic component of the plasma.

« Flux density of laser radiation ¢,,, = 610" W/cm?,
half-width of the laser pulse T =10 ns.

Figures 1 and 2 show the distributions of the static
P and magnetic P,,, pressure, the density p, and the
laser flux g, which correspond to the first initial stage
Vol. 80

No. 11 2017



COMPUTER SIMULATION
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Fig. 3. Spatial distribution of pressure (a) and temperature
(b) at the time 7 = 0.38 ns.

(= 0.19 ns) of the MIF target compression located in
an external magnetic field.

Graphical dependences shown in Fig. 3 corre-
spond to the collapse stage of the magnetized target.

Figure 4 shows the distributions of the magnetic
pressure P, and the total flux g of the intrinsic radi-
ation of the plasma formation corresponding to the

spread stage of the plasma formation (¢ = 0.593 ns).

CONCLUSIONS

One-dimensional mathematical models and
numerical methods of increased accuracy have been
developed [11—14] that make it possible to compute
compression and heating of MIF targets in an external
magnetic field for a centrally symmetric coordinate
system. Initial calculations of all the main gas-
dynamic and radiative parameters of the laser plasma
of the target were carried out. Numerical simulation of

the compression of the target (for ¢, =1x10"—
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Fig. 4. Spatial distribution of magnetic pressure (a) and the
total flux of the intrinsic radiation of the plasma (b) at the
time 7= 0.593 ns.

6x10" W/cm? consisting of the central part and one
coaxial layer showed the following:

During compression, the central part of the target
is optically transparent both to laser radiation and to
the intrinsic broadband plasma radiation. However,
the density of heat fluxes on the first wall of the reactor
chamber at certain instants can reach ~10'! W/cm?.

During MIF target compression, the level of mag-
netic pressure P, in the plasma varies with time and

is comparable to the static pressure P (reaching the
values of ~10° atm).

The maximum values of the pressure and tempera-
ture of the target plasma are observed at the time 0.2—
5 ns after the shock wave reflects from the geometric
axis of symmetry.

It can also be noted that the MIF target plasma is a
powerful source of magnetic flux and broadband radi-
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ation that increases in time (at the first and second
stages). All this allows us to hope that the MIF-based
approach is suitable for the creation of new plasma
sources of intense broadband radiation and fluxes of
high-density particles and their application in materi-
als science experiments and in promising areas of
power engineering.
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