Abstract

The goal of this thesis is to study the modeling of stability in miscible fluid system.
In general, displacing fluid is less viscous than displaced fluid there form a unstable
interface pattern between these two fluids in a porous media called Viscous Fingering.
However in inverse case more viscous displacing the others the interface is stable and
there is no pattern form. Chouke was the first who analyse the mathematical linear
stability of displacement for two immiscible fluid by considering surface tension to act
at the interface and found there is a cutoff wave number of the stability and when
applying their theory to miscible case, there is no surface tension and diffusion this
shows that the growth constant increases with wave number with no bound and this
is physically unrealistic. Introduction of diffusion makes any base state profile time
dependent. To determine the stability of time dependent flow there are following

methods.

1. The quasi-steady-state approximation in which we freeze the time and determine

the growth constant.
2. The Self-similar QSSA
3. nonmodal analysis

So in this problem we get coupled partial differential equation which we reduce
into ordinary differential equation therefore we finally get the system of first order
differential equation, which can be written as &% = A(t)X. Where matrix A(t) de-
termine the stability of the system. In case of normal matrix we get the exponential

time dependent solution but in case of non-normal matrix it fails to predict the sta-

bility appropriately. Therefore to determine the non-normality of A(t) we define two
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quantity Numerical Abscissa and Spectral Abscissa. We freeze at different different
times and calculate the these two quantity. In case of normal matrix both Numerical
Abscissa and Spectral Abscissa will be equal. Therefore at infinite time give the same
results in both case modal analysis and nonmodal analysis, but at finite time it does
not give the true information of stability in modal analysis of non-normal matrix.

However in Nonmodal analysis it gives true information about stability.
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