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Magneto-inertial fusion (MIF) including magnetized target compression by high energy laser pulses is fast-
growing area of research. Distinctive feature of this problem is presence of initial seed fields (the imposed external
pulse magnetic field) and compression of a magnetic flux by laser beams (laser driver) and plasma jets (plasma
liner). High-convergence uniform implosion and properly synchronized laser beams (laser intensity > 10*° W/m?)
are considered. Influence of external magnetic field on driver-fuel target interaction is discussed. Preliminary test
results of magnetized plasma target compression by high energy laser pulses are shown. It can be argued that the
magnetic field in terms of vortices plays a stabilizing role, which is manifested in the fact that the vortex structures
dissipate in the presence of an externally applied magnetic field.

PACS: 52.38.-1, 52.55.Lf, 52.57.Fg

INTRODUCTION

At present time systems with dense plasma for
magneto-inertial fusion are of great interest. The aim of
this work is to describe the processes of target
compressing, heating and cooling under the conditions
of a thermonuclear system with a high-temperature
plasma, the development of a dense plasma device using
compression of magnetized target in an externally
applied magnetic field. We propose an innovative
scheme with spherical and cylindrical target,
compressed by a strong external source (laser with high
energy pulses) for heating and achievement
thermonuclear temperatures. In this case there is (a
significant increase of seed fields up to the intensity of
tens megagauss) a generation of ultra strong magnetic
fields with laser compression. A numerical method for
high resolution, developed in [1], has improved the
dissipative and dispersive properties (significantly the
modeling of turbulent flows) when the multidimensional
convective flux discretization is implemented. A
mathematical model of magnetized target radiation with
multiple laser beams were developed, it describes the
dynamics and kinetics of thermonuclear magnetized
plasma.

MIF [2-5], often called MTF (magnetized-target
fusion) is an alternate concept to magnetic confinement
fusion and inertial confinement fusion. Note, however,
that the proposed research is applicable to all versions
of MIF/MTF and any fusion fuel cycle. In traditional
schemes (direct and indirect drive) it is supposed to use
a large number (~ 100) of irradiating beams, but it is
extremely difficult to implement in a fusion reactor.
Implementation of spherical compression of magnetized
targets it can be possible to reduce significantly the
number of irradiating laser beams, it allows you to get a
clean and cheaper fusion not having the disadvantages
of magnetic and inertial confinement fusion.
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MODEL AND TEST RESULTS

The model describes the compression of the target
with laser beams in a magnetic field of arbitrary
configuration and can be used for numerical study of the
formation of plasma in an external seed magnetic field
and its heating during compression using high-energy
external sources (drivers). The laser driven compression
of compact plasmoids [6, 7] to fusion conditions is
investigating. Interaction of a laser pulse with a plasma
target with an externally applied magnetic field - a
model of laser-driven implosion is presented.

Magnetohydrodynamic and radiation
magnetogasdynamics simulation with thermal transport,
laser deposition and target implosion in external
magnetic field in one and two dimensions is necessary
for high energy density physics, magneto-inertial fusion
and numerous applications [8-10]. Benchmarking the
simulation results against experiments is important for
researchers to improve the design of targets.

An improved one-dimensional radiation-
hydrodynamics code which simulates plasmas in
cylindrical or spherical geometries is created. It solves
single-fluid, two-temperature equations of motion with
contributions from diffusion, convection, heat
conduction. Electromagnetic processes are described by
the Maxwell-Ohm equations in plasma with final
conductivity. Radiation transport is considered within
the framework of multi-group diffusion approach. The
transport coefficients in the given system of the
equations taking into account magnetized laser plasma.
External and spontaneous magnetic fields are included
in the model.

Numerical simulation allows studying a number of
features of nonlinear plasma dynamics. It is marked,
that radial expansion of a laser plasma jet (two
dimensional effects) has significant influence on the
dynamics of plasma formation. First results of non-
linear effects modeling for different initial parameters
and edge conditions are discussed in the paper.
Mathematical method developed in [11] may be applied
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for both impact fast ignition and uniform compression
calculations.

Thermal physical properties of particles and plasma
are derived using correct the Reynolds number and the
Prandtle number. The calculations of thermodynamic
and optical media parameters occur with the aid of
computer system Asteroid, developed by S. Surzhikov
[12]. The viscous forces in a flux represent the sum of
works of liquid friction, heat fluxes and plasma heating
by laser radiation. The electron and ion thermal
conductivity coefficients in the case of magnetized
plasma are calculated.

The developed mathematical model for laser-driven
magneto-inertial fusion (LD MIF) and plasma-jet driven
magneto-inertial fusion (PJ MIF) [6] has been tested on
problems related to axisymmetric pulsed plasma jets in
an external magnetic field, taking into account their own
broadband plasma radiation.

Figs. 1 and 2 show results of computer simulation
studies of heating and compressing a target in magnetic
field. Test calculations are performed without an
externally applied strong magnetic field of stationary
plasma jets and showed good agreement with well-
known literature data [13]. A change in the structure of
the flow pulse jet, which is accompanied by a decrease
in the intensity side (towards the axis of the system)
shock waves is observed for the simulation with
magnetic field (0.1...5 T).

The central band changes its position relative to the
output of the jet shear (behind or lost) compared to the
tests. The toroidal vortex systems are typically observed
out of boundary contact of triple configuration (point
where three shock waves converge). Applying an
external magnetic field suppresses vortexes (weaken
their intensity) and leads (increasing magnetic field) to
the disappearance.
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Fig. 1. The spatial distribution of temperature T [K] in
a pulsed plasma jet: (a) without external magnetic field
at time t=49.3 us, (b) in the presence of an external
magnetic field B=1.58 T at time t=46.6 us,
and (c) B=2.5T at t=46.9 us
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It can be argued that the magnetic field in terms of
vortices plays a stabilizing role, which is manifested in
the fact that the vortex structures dissipate in the
presence of magnetic field. We also note that the
attenuation of the jet along the axis of the system is
observed much later (approximately 2-fold), that is
subject to an externally applied magnetic field.
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Fig. 2. The spatial distribution of (a) temperature T [K]
and (b) magnetic pressure Pmag [bar] in a pulsed
plasma jet with B=3.5 T at time t=37.6 s

CONCLUSIONS

Magneto-inertial fusion (MIF) is an
alternate fusion concept, represents evolution of
traditional inertial confinement fusion with elements of
magnetic confinement fusion, i.e. the concept with
plasma of high density (n > 10"’ m”) in ultrahigh
magnetic fields (B > 500 T).

Non-stationary two dimensional radiation magneto-
gas dynamic model is developed by authors [4]. The
model is based on splitting method in terms of physical
processes and spatial directions, that in spatially smooth
solution allows to get seventh order of accuracy.
Modified alternatively triangular three-layered iterative
scheme is applied for the solution of radiation transport
equations, where the time step selected via conjugate

directions method.
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Fig. 3. Scheme of PULSAR — PUlsed Liner/Laser-driven
System and Alternative Reactor

Thermal physical properties of particles and plasma
are derived using correct the Reynolds number and the
Prandtle number. Magnetohydrodynamic and radiation
magnetogasdynamics simulation with thermal transport,
laser deposition and target implosion in external
magnetic field in one and two dimensions is necessary.
Benchmarking the simulation results against
experiments is important for researchers to improve the
design of targets.
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The mathematical model of magnetized plasma -
laser beams of high energy pulses has been developed
and scheme of a magnetized target fusion power plant is
presented (Fig. 3). Mathematical method developed here
may be applied for both LD and PJ MIF as well as for
impact fast ignition and uniform compression
calculations.
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YHUCJEHHOE MOJEJUPOBAHUE 3AMATHUYEHHOM IJTA3MBI, CCKUMAEMOW JIASEPHBIMHU
JYYAMU U IIVTASMEHHBIMHU CTPYSAMU

B.B. Ky3enos, C.B. Polckos

MarHuTHO-UHEPIUANBHBIM TEPMOSIACPHBIA CHUHTE3, BKJIIOYAs C)KaTHE 3aMarHMYeHHOW MHUIIEHH MOIIHBIMHU

Ja3epaMu — ObICTPO pa3BUBaomiasics 001acT Hayku. OTIMYMTENbHas OCOOCHHOCTh NAHHOM 3a/aud — HaIM4ue
HAYaJIbHOTO 3aTPaBOYHOIO NOJIs (HaJ0KEHHOTO BHEIIHETO0 MMITYJIbCHOTO MarHUTHOTO IOJIS) U C)KaTHE MarHUTHOTO
MMOTOKA JIa3epPHBIMH ITy9KaMd (JIa3epHBIA JpaiiBep) WM IUIA3MEHHBIMH CTPYSAMH (IDIa3MEHHBIA JTaliHEp).
PaccmoTpen cmydalf OZHOPOTHOTO M CHHXPOHHOI'O JIa3€pHOTO OONydYeHHs (MHTCHCHBHOCTb H3IIyYCHUS
> 10%° Br/m?). [IpeacTaBlIeHb! pe3yIbTaThl BHIIONHEHHBIX TECTOBBIX PACUETOB JUI CTALMOHAPHBIX CTPYH MIa3Mbl C
YY4ETOM MAarHUTHOro mousisi. MOXKHO YTBEp)KIAaTh, YTO MAarHUTHOE IIOJIE, C TOYKM 3pPEHUS BUXpEH, HIpaer
CTaOMIM3HPYIOILYIO0 POJIb, KOTOpAs MPOSABISIETCSI B TOM, YTO BHXPEBBIE CTPYKTYpBI AUCCUIMPYIOT MPU HAIWYNUU
MarHUTHOTO TIOJIS.

YUCEJBHE MOJEJIOBAHHS 3AMATHIYEHOI IIVIA3MH, IIIO CTUCHYTA JIASEPHUMHU
IMPOMEHSAMMU I INIASMOBUMU CTPYMEHSMH

B.B. Ky3zenos, C.B. Pusickoe

MarHiTHO-iHepIianbHAA TEPMOSICPHUN CHHTE3, BKIIIOYAIOYM CTHCHEHHS 3aMarHi4eHoi MiMleH! MOTYXHUMHU

Ja3epaMu, Tairy3b HayKH, SKa IMIBUIKO PO3BUBAETHCS. BiqmiTHa 0c00IMBICTE TaHO 3324l — HAABHICTh IIOYaTKOBOTO
3aMaloOBAILHOTO TI0JIs1 (HAKJIa[JeHOrO 30BHIMIHBOTO IMITYJIBCHOIO MAarHiTHOTO TMOJIs) 1 CTHCHEHHS MarHiTHOTO
NOTOKY JIa3epHUMHU ITyyKamH (Jla3epHHi JpaiiBep) ado I1a3MOBHUMHU CTPYMEHsAMHU (T1a3MOBHH J1aiiHep). PosrisnayTo
BHIAIOK OJHOPIZHOrO i CMHXPOHHOIO JA3ePHOT0 OHNpOMiHeHHs (iHTeHCHBHICTH BHIpOMiHIOBaHHS > 107 Br/M?).
[IpexncraBneni pe3ynbTaTH BUKOHAHUX TECTOBHUX PO3PAaXYHKIB JUISl CTAIIIOHAPHUX CTPYMEHIB IIa3MH 3 ypaxyBaHHIM
MarHitHoro mnosisi. MoKHa CTBEp/KYBaTH, IO MarHiTHE I0JIe 3 TOYKH 30pY BHXOPIB Ipae cTalulizyrouy poiib, siKa
MIPOSIBISIETHCS. B TOMY, III0 BUXPOBI CTPYKTYPH AUCUIIPYIOTH MIPH HASIBHOCTI MAarHITHOTO TIOJSL.
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