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One of the most interesting open questions of plasma physics is the formation of mean or large scale mag-
netic field from random or short scale fluctuations of plasma flows.It is believed that generation of large and
intermediate scale magnetic fields via the nonlinear energy transfer from kinetic to magnetic modes through
continuously stretching and refolding the magnetic field lines is one of the key mechanism for mean field
generation [1]. In this work, perhaps for the first time, using a self-consistent single fluid compressible 3D
MHD model, numerical study is performed with ABC flow as the velocity field at various forcing scales. Quasi-
steady state turbulent spectra of kinetic and magnetic energies are obtained at high resolution. Our results
when compared with earlier kinematic dynamo studies [2], show existence of novel saturation mechanis.

The phenomenon of magnetic energy growing exponentially with time for a statistically steady flow, where
the velocity field is held fixed in time or driven, is called, kinematic dynamo action. It is now established that
ifa ABC flow [3] is used as the driving flow field, in the presence of a certain class of sub-grid scale turbulence
models defined by a spectrally dependent viscosity v(k), a kinematic dynamo has an optimum drive scale &
[2]. It is known that at smallest wave number [i.e,ky L = 1] the laminar critical magnetic Reynolds number
Rm!®™ is more than an order of magnitude smaller than the turbulent critical magnetic Reynolds number
Rm!"®, due to hindering effect of turbulent fluctuations. In a recent study it was shown that for kinematic
dynamo with ABC flow, the turbulent Rm%*™® is minimum for k;L = 4 [2]. An important question that
is yet to be fully answered is, for the same flow type, what would happen if the back-reaction of the mag-
netic field, influences the flow field? In this case, Is there an optimal ky for “self-consistent’dynamo? How
does the dynamo action depend on v(k)? What are the saturation mechanisms in a self-consistent dynamo?
To address some of these issues, we have first developed a fully nonlinear, 3D, scalable, compressible, MHD
OpenMP solver [3]. Results for ABC-type flow is shown for N = 64° for both Kinematic and Self-consistent
cases in Fig : 1 and 2. This code has been upgraded to a fully multi-node, multi-GPU Solver GMHD3D. Using
the new solver, we study the effect of ABC like flows for 3D grid size N = 642, 1282, 2562, 512 and have
addressed several important issues discussed early on, the details of which will be presented.
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Figure 1: Growth of Magnetic energy in Kinematic Dynamo for N = 643
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Figure 2: Growth of Kinetic and Magnetic energy in Self-Consistent Dynamo for N = 643
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