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ABSTRACT

The plane mixing layer is a common phenomena encountered in many engineering applications [3],
for example, combustion, and transport and mixing process of chemical substances [5].

The mixing layer is produced by the interaction of two parallel fluid streams, away from the wall, with
different velocities U2 > U1 ≥ 0 [6]. Due to the velocity differences in the interface, the shear stress is
generated producing the Kelvin-Helmholtz instability [3], which is characterized for the enrolled vortex
structures enhancing the momentum, heat and mass transfer. The plane mixing layer is considered a
bi-dimensional flow, but the turbulences present in the flow have tri-dimensional characteristics [7].

The aim of this work is to evaluate the bi-dimensional numerical simulation of plane mixing layer
on a refined mesh. A reduced computational domain is used in order to obtain an initial result. The
averaged velocity profile is compared to the results from the experiments [1]. The FEniCS Project [4]
is used for the numerical simulation, specially the CBC.PDESys package which is an application of
FEniCS written in Python for the resolution of partial differential equations for fluid dynamics using
finite element method. The flow is considered incompressible, and time dependent perturbations [2] are
applied in order to model the instability inherent to the real phenomena. The dominant direction of flow
is x, the variations of flow are predominately in the y direction, and it is homogeneous and symmetric in
z direction. The flow is modelled by the continuity and Navier-Stokes equations. These equations in two
dimensional flow are reduced to:
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where, u, v are velocities component in the flow direction and transversal direction, respectively, p
denotes pressure, and ν the kinematic viscosity. The boundary conditions imposed are symmetry on top
and bottom for the velocity, and constant pressure in the outlet. The velocities in the inlet are U2 = 1.5

and U1 = 0.5, the dimensionless velocity is
(
U − U1

U2 − U1

)
, where the velocity U represent the time

averaged of u at the distance x = 50 (center of domain), and the y coordinate is normalized by the
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vorticity thickness δv =

(
∂U

∂y

∣∣∣∣
max

)−1

. The computational domain is 0 ≤ x ≤ 100 and −15 ≤ y ≤ 15

and the mesh consists in 201×61 elements. The simulation time is long enough to reach the steady-state.
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The Figure shows the comparison of the average velocity U obtained from numerical simulation with
experimental data from [1]. The axes x and y represent the dimensionless transversal direction and the
dimensionless velocity, respectively. The average velocity is computed after the steady-state is reached.
The numerical result and the experimental data are in good agreement.

The initial result obtained from the numerical simulation of plane mixing layer is promising. How-
ever, further studies should be performed with larger computational domains, and also, more turbulence
statistics should be computed and analyzed.
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