Stability analysis of two phase stratified Poiseuille flow in a rectangular channel
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[bookmark: _GoBack] The study of stability of two phase stratified flow in a rectangular channel is important from both theoretical as well as practical perspectives. Two phase stratified flows arise in extraction operations in microfluidic systems. In this work we present the stability analysis of stratified two phase Poiseuille flow in a rectangular channel. A two-dimensional model for flow through the rectangular channel is considered. Shear and interfacial modes of instability are analyzed. Linear stability analysis of a base laminar profile is carried out. The linearized equations along with the boundary conditions are numerically solved using Chebyshev collocation method. This leads to eigen value problem which is solved using QR decomposition. The role of different parameters such as density ratio, viscosity ratio on the stability characteristics is analyzed.

Introduction

  The stability of stratified flow in a rectangular duct (Figure 1) is often encountered in engineering practices. The aspect ratio of the rectangular channel may vary from one to infinity. In the limit of aspect ratio equal to one, we have a flow in the square duct which is a stable configuration in similarity to Hagen-Poiseuille flow in a circular tube. In the limit of aspect ratio tending to infinity the flow through the duct tends to stratified Poiseuille flow between two parallel plates. Thus there must be a critical aspect ratio for which stable flow transits to an unstable flow pattern. 
[image: D:\Research IITM\PAPER\L-L Extraction in Parallel Microflows\Final Figures\Stratified 2-D Schematic.tiff]


[bookmark: _Ref362341031]Figure 1 Schematic of stratified flow in a finite geometry rectangular micro-channel (2-D Model)
The base state velocity is a function of y and z. The base state is perturbed by giving a small disturbance to velocity and pressure. The disturbance fields are decomposed into Fourier modes with respect to x. We obtain set of nonlinear equations for the disturbance amplitudes of velocity and pressure. Since we are dealing with small disturbances we neglect the nonlinear terms with respect to the disturbance amplitudes and obtain a set of linear equations.

For single phase stratified flow between parallel plates (Figure 2) the critical Reynolds number is found to be 5772.22. The flow becomes unstable for Reynolds number greater than 57772.22.  
[image: D:\Dinesh\CHEMCON\Chemcon_fig.tiff]

Figure 2: Flow configuration for plane Poiseuille flow of two superposed fluids

Numerical Procedure
 
 We present a Chebyshev collocation method for solving the eigenvalue problem that defines the stability of the two phase stratified flow in a rectangular channel. The governing equations are solved using expansions in Chebyshev polynomials. The stability of stratified flow through a rectangular duct of arbitrary aspect ratio is investigated numerically by expanding the flow fields into a series of Chebyshev polynomials in both y and z directions. The derivatives involved in the governing equations are evaluated at the Gauss-Lobatto grid points. A linear transformation is used to scale the width and height of the rectangular channel such that the Chebyshev expansions used are orthogonal in the limit [-1, 1]. The resulting eigen value problem is solved using QR decomposition.

Key Results

The spectral Chebyshev collocation method is applied to two phase stratified flow between parallel plates extending to infinity. The single phase dispersion curve (Figure 3) is obtained by choosing the properties of both the fluids similar. we can conclude that the flow becomes unstable for Reynolds number exceeding the critical value 5772.22 and is stable for Reynolds number less than the critical value 5772.22.
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Figure 3: Growth rate vs. Dimensionless wave number (α) 
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