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ADAPTIVE TECHNIQUE FOR CHEBYSHEV-

SED SOLVERS FOR THREE-

DIMENSIONAL ELIPPTIC EQUATIONS
O.B. Feodoritova1,
1
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Keldysh Institute of Applied Mathematics, Russian Academy of Sciences
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We present an adaptive technique for 3D elliptic PDEs solvers, namely, for the multigrid
algorithm [1] and the Chebyshev iterative method [2]. The key elements are self-adaptation of
both multigrid and Chebyshev methods. The adaptation provides the estimation of unknown
bounds of the spectrum of discrete operators. For Chebyshev method we develop the selfadaptive algorithm which is capable of evaluating an unknown lower bound. For multigrid such
algorithm adjusts smoothers for achieving the prescribed rate of multigrid convergence and
improves the efficiency of the multigrid. The main features are demonstrated on solving a large
system of linear equations Au f , where u, f R n are vectors and A R n n is a self-adjoint
positive definite matrix with eigenvalues
[ min ; max ] , 0< min
max . Such systems usually
arise from discretization of Poisson-like equations (computations of the gravitational potential,
diffusion, etc). The Chebyshev method can be expressed as uk 1 uk k f Auk ,
k

0,

, p 1 , u0 is an initial guess, p is a number of iterations,

k

is the optimal set of the

parameters. The error propagation operator Fp A of this method is defined by the optimal
Chebyshev polynomial Fp
we need to known

min

,

max

for the interval
. Estimate

max

min

;

max

. To achieve the specified accuracy

is obtained by the Gershgorin theorem. We propose

a self-adaptive procedure to find new approximate value

min

achieved optimal convergence rate with preceding estimate
presented to show that the self-adaptive algorithm is effective.

, whenever the algorithm has not
min

. The numerical examples are
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m e ,
, the electrons and ions are assumed to be ideal polytropic gases
with a common adiabatic index
1;
is the internal stress tensor and W is the
electrodynamic state tensor:
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3D-PIC SIMULATION OF THE ELECTRON BEAM
INTERACTION WITH MODULATED DENSITY PLASMA1
E.A. Genrikh*, E.A. Berendeev*, G.I. Dudnikova**
* The Institute of Computational Mathematics and Mathematical Geophysics SB RAS,
** The Institute of Computational Technologies SB RAS, Lavrentyev Ave., 6, Novosibirsk, 630090,
Russia.
One of the perspective directions in the terahertz radiation obtaining is the generation of
electromagnetic radiation near the plasma frequency in a plasma-beam system. The experiments on
the electromagnetic waves generation (0.1-0.5 THz) during the injection of high-current electron
beams into the plasma at the GOL-3 facility in the Institute of Nuclear Physics SB RAS showed
significant increasing in the radiation efficiency (~ 1%) in the regime when the transverse
dimensions of the system comparable with the length of the emitted waves [1]. In the linear theory,
the mechanism of a plasma antenna for generating terahertz radiation was proposed [2].
The continuous injection of a beam into a plasma channel with a longitudinal density
modulation provides a high efficiency (up to 10%) of the emission at a plasma frequency. It is
assumed that the inhomogeneity of the plasma density plays a key role in the conversion of the
beam energy into electromagnetic radiation.
The main problem of linear theories is that they do not take into account many factors such as
instability which plays an important role in the real plasma. Therefore it is necessary to create a
numerical model that takes into account nonlinear effects. In this paper, the three-dimensional
numerical model is created for simulation of beam-plasma interaction. It is fully kinetic model
based on Particle-In-Cell method. Numerical experiments for different beam and plasma parameters
have been performed using computer systems with parallel architecture. Estimates of the radiation
efficiency for the initially homogeneous plasma and for longitudinal density modulation are
obtained.
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NUMERICAL MODELING OF THE DYNAMICS OF THE PLASMA FLOW
INTERACTION IN A MAGNETIC FIELD
G. I. Dudnikova1,2, L. V. Vshivkova2
1Institute

of Computational Technologies SB RAS, 630090, Novosibirsk, Russia
Institute of Computational Mathematics and Mathematical Geophysics SB RAS,
630090, Novosibirsk, Russia
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On the base of the numerical modeling there are studied the processes of the generation of
whistlers, the Alfven waves and collisionless shock waves under interaction of high-speed
plasma flows in a magnetic field. The problem statement refers to the conditions of laboratory
experiments using the facility “Space Research - 1” (ILP SB RAS) [1]. The numerical model is
based on the kinetic description for ions and the MHD approach for magnetized electrons (the
hybrid model) [2]. To solve the kinetic Vlasov equation, the author modification of the particlein-cell (PIC) method is used. The analysis of the generated perturbation structure, depending on
plasma parameters and the magnetic field, has been made. Also, there have been studied the
shock wave characteristics for the regimes of multi-flow formation and mechanisms of the ion
acceleration on a shock wave front.
This work has been carried out within the framework of the budget project 0315-2016-0009
of ICMMG SB RAS and has been supported by the RFBR under grant 16-01-00209.
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blobs with the high efficiency of the energy concentration for the laboratory modeling of
collisionless shock waves in the magnetized space plasma. // Kvant. Electron., 2016, v. 46, N.
5, pp. 399–405 (in Russian).
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Research of the axisymmetric ionizing gas flows in the channel of the quasi-steady plasma
accelerator (QSPA) is presented. Model is based on the MHD and radiation transport equations.
The modified radiation magnetogasdynamics model (RMHD) for a three-component medium
consisting of atoms, ions and electrons takes into account the basic mechanisms of the electrical
conductivity and heat transport. The three-dimensional model of the radiation transport includes
the basic mechanisms of emission and absorption for the different portions of spectrum. Results
of the numerical studies of ionization process, plasma flow and radiation transport are received
in approximation of the local thermodynamic equilibrium.
Simple plasma accelerators consist of two coaxial electrodes connected to electrical circuit.
As a result of the breakdown between electrodes the ionization front corresponding to a phase
transition from one state of matter to another is formed in the presence of the main azimuthal
component of the magnetic field. The azimuthal field is generated by electric current flowing
along the inner electrode. In turn the radial plasma current flowing between electrodes and the
azimuthal magnetic field provide the acceleration of plasma due to the Ampere force. The
ionization process occurs particularly in first stage of two-stage QSPA [1]. These multifunctional
systems are designed for fusion research (see e.g. [1, 2]), technological applications, and are of
interest for development of the perspective high-power electro-plasma thrusters (see e.g. [1, 2]).
The problem of the radiation transport in flow should be solved in the 3D formulation. The
radiation intensity has to be determined in different directions for the further calculation of the
integral values of the radiation energy flux density in any node or cell of the coordinate grid. For
this purpose the additional angular grid for each node of coordinate grid is built on the azimuth
and polar angle. The ray tracing is carried out in accordance with method of the long
characteristics [3] in order to determine the points of the crossing of ray with sides of cells of the
3D coordinate grid and the position of the crossing of ray with one of boundaries of the
calculated domain. As a result the intensity is calculated for each node of coordinate grid, for
each ray of angular grid and for all portions of spectrum.
The parallel version of program is developed with the help of DVM technology to calculate
the plasma flow taking into account the radiation transport based on the RMHD model [4]. This
allowed to significantly accelerate the execution of program with respect to the original version
using the K-100 computer complex at the Keldysh Institute of Applied Mathematics.
The research was supported by the Russian Science Foundation (Grant No. 16-11-10278).
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GOOPHI: A NEW INTEL XEON PHI

ACCELERATED HYDRODYNAMIC CODE

FOR NUMERICAL SIMULATIONS OF ASTROPHYSICAL FLOWS
Igor Kulikov1, Igor Chernykh1, Viktor Protasov1, Alexander Tutukov2,
Eugeny Berendeev1, Dmitry Karavaev1, Alexander Serenko1, Vladimir Prigarin1,
Vladislav Nenashev1, Ivan Ulyanichev1
1

Institute of Computational Mathematics and Mathematical Geophysics SB RAS
2

Institute of Astronomy RAS

In this talk, a new hydrodynamics code gooPhi to simulate astrophysical flows on Intel
Xeon Phi processors with KNL architecture is presented. A new vector numerical method
implemented in the form of a program code for massively parallel architectures is proposed in
details. The details of code verification is described. A detailed description is given and a parallel
implementation of the code is made. A performance of 173 gigaflops and 48 speedup are
obtained on a single Intel Xeon Phi processor. A 97 per cent scalability is reached with 16
processors.
The research work was supported by the Grant of the President of Russian Federation for the
support of young scientists number MK - 1445.2017.9, RFBR grants 18-01-00166 and 18-0700757.

THE NUMERICAL MODELING OF THE COLLAPSE OF MOLECULAR CLOUD ON
ADAPTIVE NESTED MESH
Igor Kulikov
Institute of Computational Mathematics and Mathematical Geophysics SB RAS
In this talk, a numerical modeling of the collapse of molecular cloud is presented. The
numerical method for solving the equations of hydrodynamics is based on the extension of HLL
method for using of nested adaptive mesh technologies. In case of nested meshes, if neighboring
cells have the same size as the one considered cell, the Rieman problem is trivial. If the
neighboring cell is larger than a considered cell, then a uniform distribution of the parameters
over the large cell is assumed. Then a new subcell is allocated in a larger cell corresponding to a
size of the cell considered and being adjacent to it, after which the necessary data for a
computing. If a neighboring cell is less than a considered cell, then values around a small cell are
averaged (in the corresponding octet). The energy behavior of the rotating molecular cloud is in
quantitative agreement with the results of other authors before the moment of collapse, and after
the moment of collapse. It should be noted that collapse occurs at exactly the same moment in
time.
This work was supported by Russian Science Foundation (project no. 18-11-00044).
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TWO-DIMENSIONAL PROBLEM OF ELECTROMAGNETIC WAVES
IN THE VACUUM
L.V. Vshivkova, V.A. Vshivkov
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lyudmila.vshivkova@parbz.sscc.ru, vsh@ssd.sscc.ru
In the current work a 3D hybrid numerical model of the interaction of a relativistic
electron beam with the stationary plasma to study the generated high-frequency electromagnetic
radiation is proposed. Ions are considered in the frame of the hydrodynamics approach and an
electron component of plasma is described by the kinetic Vlasov equation. The system of the
Maxwell equations is added to these equations as well. At initial time there is the plasma circled
by the vacuum in a computational domain. A relativistic electron beam of a small density is
injected through the domain boundary and, interacting with the plasma, generates
electromagnetic waves. The waves are spread out into the vacuum domain where the wave
diagnostics has been carried out.
To find amplitudes and directions of the generated waves the methodology to define
directions and amplitudes of all electromagnetic waves, presenting in the domain at a certain
time, has been developed. The diagnostics has been made in a 2D case. Also, the tests showing
the implementation of the proposed algorithm have been carried out.
The work has been supported by the Russian Science Foundation (RSF) under grant 16-1110028.

-

-

