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Abstract

Systems of Hyperbolic conservation laws appear in the modeling of several engineering,
physical and biological phenomenon. Due to this wide applicability, there is great interest
in theory and simulations of these systems. However, theory for the related initial value
problem is not developed especially in higher dimensions. Due to this, simulations are
the preferred option. Still, it is preferable to have the numerical result which has the

same stability property of the continuous problem.

Due to often present nonlinearity in the flux, in general, the smooth solution does not
exist for all time. Due to this, we need to consider the weak formulation of the system
which leads to non-unique solutions even in the scalar case. To choose the physically
relevant solution, a criterion in the form of entropy condition is imposed. This is one
of the very few stability estimates available for the systems in higher dimensions. Even
then the solution may not be unique for the systems of conservation laws. Still, it is
desirable for numerical solutions to satisfy a discrete version of the entropy estimate.
This is the focus of the thesis. We aim to design entropy stable schemes which are higher
order accurate for Ten-Moment fluid flow model, Extended MHD plasma flow model, and

Two-Fluid Ten-Moment plasma flow model.

Ten-Moment Gaussian closure fluid flow equations model fluid flow without the as-
sumption of local thermodynamic equilibrium. This leads to a tensorial description of
pressure which is distinctively different from the Euler equations for compressible flows.
We design second and third-order accurate entropy stable schemes for the system. We
construct an approximate entropy conservative flux in addition to an entropy conservative

flux. Both of them are kinetic energy preserving. Higher order sign preserving MinMod



and ENO interpolations are used to design higher order entropy diffusion operator.

Next, we consider a recently proposed extended magnetohydrodynamics (XMHD)
plasma flow model where electron pressure, electron inertia, and Hall term effects are
also considered. The resulting model is a more suitable description of the high energy
density plasmas. In this work, we design second order entropy stable finite difference
schemes for the model by exploiting the structure of the flux. These schemes are based
on the entropy stable schemes for the Euler equations. We also propose an implicit
discretization of the source, which overcomes time step restriction due to the stiff source.
The resulting algebraic system is then solved exactly, which results in a computationally
efficient implementation.

In the last contribution of the thesis, we consider a Two-Fluid plasma flow balance
law, where Ten-Moment equations in three dimension model fluid components. We de-
velop second-order entropy stable numerical schemes for the model. To achieve this, we
first construct an entropy conservative flux which is modified suitably by addition of en-
tropy diffusion term. The diffusion term is constructed using entropy scaled eigenvectors.

Furthermore, source terms are treated using both explicit and implicit discretizations.
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