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ABSTRACT

The flow pattern, pressure drop and the mixing characteristics of Kenics static mixers are
investigated by means of computer simulations with Fluent V4.10.

The simulations gave new insights in the flow pattern in the helical mixing elements.
The pressure drop predictions compare favorably with literature data. Mixing in the
elements occurs through a combination of flow splitting and shearing at the junctions of
successive elements and a stretching and folding mechanism within the elements. This makes
the Kenics element an excellent radial mixing device.

L INTRODUCTION

Mixing is an operation commonly encountered in the chemical process industries. Often
used mixing devices are dynamic mixers for agitated tanks and static mixers for pipe line
mixing, such as manufactured by Chemineer Inc. The Kenics helical mixing element is
mainly used for in-line blending of liquids under laminar flow conditions. Other types of
static mixers are available for turbulent operating conditions and gas-gas mixing.

The Kenics in-line mixer (Figure 1) consists of a number of elements of alternating
right and left hand 180° helices. The elements are positioned such that the leading edge of
an element is perpendicular to the trailing edge of the next element. The length of the
elements is one and a half tube diameters.

Kenics in-line mixers have been used in the chemical process industries for about 25
years. Most of the experimental work concentrated on establishing design guidelines and
pressure drop correlations ([1]-[5]). The number of investigations to the flow and the mixing
mechanisms is limited, probably due to experimental difficulties. The recent advancements
in Computational Fluid Dynamics (CFD) have raised the question to which extent computer
simulations can be used as a tool in the design and analysis of static mixers.

This work has two objectives. The first objective is to explore the possibilities
Computational Fluid Dynamics offers in the analysis of mixing induced by helical elements.
The second objective is to gain insight in the mixing mechanism in Kenics static mixers. To
meet these objectives the flow pattern, pressure drop and mixing characteristics of Kenics
in-line mixers are analyzed by means of computer simulations with Fluent V4.10.

The paper describes the numerical model, the calculated flow pattern and the mixing
of two chemical species.

IL. NUMERICAL MODEL

ILA. Geometry

The model consisted of a body fitted grid of 20x20x242 = 96,800 grid nodes. The grid was
generated with Fluent PreBFC V4.01 and exported to Fluent V4.10 for performing the flow
and mixing computations. The helical elements were modelled by blocking the flow with
"wall cells". Each element had a thickness of two wall cells. 4

Fluid entered the tube through "inlet cells” at the inlet. A uniform velocity profile
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ILB. Solution Method

The model turned out to be difficult to converge. A lot of runs were made with different
settings of the solution parameters and with small variations in the model set-up to find out
which settings gave the most stable solution process.

Starting the computation with a relatively accurate initial guess for the flow field had
a positive effect on the stability of the solution. An initial guess was made by patching all
the tangential velocities (here tangential means parallel to the grid lines in the direction of
the tube) with the same velocity as prescribed in the inlet of the tube.

The flow rates on both sides of the elements should be equal due to the symmetry
of the design. Fluent will only predict a symmetrical flow pattern when the static mixing
elements have a thickness of at least two cells. When the element is only one cell thick, the
flow impinging on the element edge has to split between the two sides of the element in this
one cell, and the split may not be even. For the correct modelling of the flow division, at
least two cells are necessary.

The flow field was calculated using the power-law numerical interpolation scheme.
This flow field was then used as a basis for calculating the transport of the two chemical
species in the tube. To minimize the effect of false, numerical diffusion on the predicted
mixing rate the QUICK numerical interpolation scheme was used in these calculations.
Numerical diffusion is the smearing out of gradients due to interpolation errors or due to
a t0o coarse grid. Numerical diffusion is less with the Quick scheme than with the Power
Law interpolation scheme [6]. A disadvantage of using Quick is that the computation time
is much longer. .

The computations were performed on a SUN-SPARC II workstation, equipped with
32 Megabytes of RAM, 128 Megabytes swap space and a total hard-disk capacity of 1.7
Gigabytes. Reaching a converged solution for both the flow field and the concentration field
took about 1000 iterations which, with this grid size, accounts for about a week of
computation time.

























































