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3D Radiative MHD code MARPLE – a software for high temperature pulse plasma simulations
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We present the recent improvements and enhancements of the program package MARPLE (Magnetically Accelerated Radiative Plasma Explorer) for 3D strongly radiating plasma physics studies which has been developed in the Institute for mathematical modelling RAS and Keldysh Institute of Applied Mathematics RAS. It’s a full-scale multiphysics code using the state-of-the-art physics, mathematics, and numerics as well as the high performance computing functionality. 
MARPLE physics includes: ♦ MHD model including electron-ion energy relaxation and general Ohm's law ♦ Radiative energy transfer: multigroup spectral model, diffusion model, and ray-tracing method ♦ Plasma production by electrically exploded matter ♦ Energy balance between the plasma and external energy source ♦ State equations, transport and optical plasma properties - analytics or datatables. 

MARPLE main numerics: ♦ Mixed unstructured / block meshes, tetrahedral, hexahedral, prismatic elements and their combinations ♦ High-resolution TVD/WENO approximations to the ideal MHD equations, implicit FV/FE/DG techniques for dissipative processes ♦ Additive approximation for RMHD system ♦ 2-nd order predictor-corrector time-advance scheme.
MARPLE main software development concepts: ♦ The code is designed for high performance distributed computations.♦ Computing environment incorporates a set of service functions (data IO, mesh processing, parallel computations support, dynamic processing of computation objects) 
♦ Dynamic creating, deleting, and setting up different types of objects (solvers, approximations, boundary conditions, matter properties), automatic memory management. No need to change or disable existing objects when adding new ones. Unified all-mode code build with no runtime storage and computer power surplus costs. ♦ Physical solvers hierarchy. Handling of several physical subregions, each with unique governing system. Including of new physical or mathematical models is possible. ♦ Object-oriented software design, object-oriented programming and generalized programming techniques (С++ based), present-day world industrial software engineering standards. ♦ Cross-platform development. 

MARPLE 3D code was first applied to numerical simulations of Z-pinches investigated at modern pulsed-power facilities: ANGARA-5-1 (Troitsk, Russia), SPHINX (Gramat, France), Z-machine (Sandia, USA).
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The computations were carried out by means of supercomputers SKIF-MSU and MVS-100K (JSCC RAS)
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