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ABSTRACT 

We are interested in the computational solution of resistive magnetohydrodynamics problems. The 

particular problems of interest are pulse power problems that contain both highly conducting regions 

(metals) and non-conducting regions (insulators). At early simulation times the metal regions are solid 

and it is important to accurately capture metal-insulator interfaces. At late simulation times the metal 

is vaporized and complex mixing and turbulent motion can occur. The magnetohydrodynamics system 

of equations consists of the Navier equations of motion and energy of the materials, combined with the 

low-frequency (diffusion) approximation of Maxwell’s equations. The electromagnetics is coupled to 

the hydrodynamics via a force term and an energy term. The Navier equations are solved using the 

Arbitrary Lagrangian Eulerian finite element method with higher order curvilinear elements [1]. The 

low-frequency Maxwell equations are solved using a higher order mixed H(curl)-H(div) method [2]. 

Since the spatial discretization is higher order, it is desirable that the time integration also be high order, 

including the coupling between the hydrodynamics and the electromagnetics. 

 

The key considerations of the time integration are that 1) for practical considerations the 

hydrodynamics is integrated explicitly, requiring a small time step for numerical stability; 2) the 

electromagnetics is “stiff” due to the high contrast in electrical conductivity and implicit integration is 

required; 3) the electromagnetic time scale is much slower than the hydrodynamic time scale; 4) the 

electromagnetic field update is more computationally expensive than the hydrodynamic update. Given 

these considerations, a multirate implicit-explicit time integration method is investigated. In particular, 

a new class of methods knowns as multirate infinitesimal step methods [3][4] are implemented and 

evaluated. In the proposed method, the electromagnetics is integrated using diagonally implicit Runga-

Kutta, and the hydrodynamics is integrated using any stable and accurate explicit method using 

interpolated values of the electromagnetic fields.  With this approach the electromagnetic time step can 

be 10x – 100x larger than the hydrodynamic time step. The accuracy and efficiency of this multirate 

implicit-explicit approach is investigated for realistic magnetohydrodynamics problems. 
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