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Abstract. A geometrical modification of the well known SMX static mixer, the new SMX plus
(patent pending), is found to lead to significant improvement of the mixing performance.
Using a reduced number of bars, and gaps between the bars, the pressure drop of the mixer
can be reduced to less than 50% while the mixing quality after a given number of elements
remains nearly equivalent with the original SMX. CFD simulations are being relied upon to
show the performance of the SMX plus both with regard to pressure drop and mixing quality.
These results are confirmed by LIF measurements. Additionally, the mixing performance for
streams with strongly different viscosities is investigated using a decol orization technique.
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1. INTRODUCTION

The Sulzer SMX static mixer is well established for laminar mixing and dispersion duties.
Since its introduction in 1980 it has been successfully applied for a plurality of different
applications[1,2,3].

For example it is very efficient in laminar mixing of highly viscous fluids. This is also true,
when the viscosities of the two fluids to be mixed differ strongly. In either case where the
main flow is highly viscous and the substance to be added is of low viscosity and vice versa
the SMX can handle the mixing task of the streams even for viscosity ratios of up to
1'000'000. Furthermore this mixer is an excellent device for both laminar and turbulent
dispersion of a gas in a liquid stream or of two immiscible liquids [1,2,5,6]. For high
Reynolds number turbulent mixing or dispersion, other types of static mixers are usualy
applied because of either higher efficiency or lower cost.

Examples of applications where the SMX is frequently used include mixing of componentsin
polymerization reactors, laminar dispersion of stripping agents within polymer melts for static
devolatilization as well as admixing of additives into highly viscous polymers in polymer
production or plastic processing, homogenization of polymer melts in plastic processing or
fiber spinning, mixing of rheolgically complex components in food production, generation of
emulsions and mini emulsions in food production or cosmetic applications and many more.



Severa groups have studied this device in detail for different applications, compared it to
other static mixers available on the market and also tried to improve its performance by
dlightly modifying its geometry [7,8,9,10,11]. These efforts, while they gave some indications
on possibilities to marginally improve the device, did not result in major improvements of the
mixing performance. It was therefore generally believed, that the SMX as it is designed today
comes very close to the optimum.

In this paper, we will present a new modified version of the original SMX called SMX plus,
which clearly leads to significant reductions in the pressure drop while keeping al of the
known advantages of the original SMX. Results of CFD simulations, laboratory experiments
using LIF as well as decolorization tests for this new kind of mixer are presented and
compared to the original SMX.

2.NEW MIXER GEOMETRY

The SMX consists of an array of crossed bars arranged at an angle of 45° against the tube axis
(fig. 1a)). Severad SMX mixing elements form together a mixer. They are aways arranged in
such away, that consecutive elements are rotated by 90° around the tube axis. The cross flow
mixing direction thus changes from one element to the next. The number of bars, n, arranged
over atube cross section is 8 for origina SMX mixers.

In this study, we varied the number of bars n, while the angle of the bars against the tube axis
was kept at 45°. In all cases, the length L of each element was fixed relative to its diameter D
at L/D=1. The novel modification of the SMX geometry is, that gaps are allowed between the
bars. For stability reason, the bars are connected at the crossing points by pins (fig. 1b)).

The thickness of the bars of the mixers with gaps has been adapted in such a way for the
mixing elements investigated, that the mechanica stability is roughly identical for elements
with and without gaps.
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Fig. 2. Example of asimulation model with 3 mixing elementsin atube



3. CFD analysis of modified mixers

CFD simulations for the prediction of pressure drop as well as mixing performance of this
new type of mixer as compared to the original SMX have been performed. In all cases, mixers
with the same diameter of d=55 mm have been simulated. The simulation models included 3
mixers as well as an inlet and an outlet section of the tube (fig. 2). The ssimulation grids were
generated using the commercial Harpoon grid generator. Typicaly unstructured grids with
predominantly hexa cells and roughly 3-4 million cells were used. To test whether this grid
resolution was sufficient to resolve the flow, one simulation was repeated with a grid of 6.2
million cells. The results of the two simulations were nearly identical. The pressure drop for
the two results, which is a good indication of the grid convergence for this kind of flow,
differed by only 0.6%. The commercia flow solver Star CD v3.24 was used to compute an
isothermal, incompressible flow of Reynolds number Re=0.077 through these mixers.
Creeping flows with Reynolds numbers in this range are commonly found in industrial plants
for example in polymer production or some food processes.

The results for the middle of the three mixing elements were used for the calculation of the
pressure drop as well as the analysis of the mixing performance. The mixing performance was
caculated using a trgectory scheme [12,13]. A mapping matrix, calculated by following
trajectories from aregular grid of starting points on the outlet plane of the mixer back to the
inlet plane, are used as the basis for calculating the mixing quality. By repeating this mapping
and rotating the field around the tube axis, the effect of a large number of mixing el ements on
the distributive mixing can be calculated. The effect of diffusion is taken into account using a
Monte Carlo scheme. This analysis is valid for the mixing of two Newtonian fluids with
identical viscosities. The analysis of the mixing performance was performed using an in house
post processing tool based on the above scheme. The resolution of the maps used was
400* 400 trajectories over the cross section. The map resolution was varied between 300* 300
and 500* 500, which resulted in relative differences between the predicted CoV value of 1%
or less. The predicted CoV vaue was therefore assumed to be independent of the map
resolution used for 400*400 trgjectories. Since the Peclet number has a significant effect on
the mixing quality, it was kept constant for al simulations. Its value was in all cases
Pe=550'000, which is in the range of redlistic applications. The initial distribution of the
streams to be mixed was always a 50:50 left-right distribution.

The pressure drop caused by a specific type of mixing element can be expressed by the factor
K.
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Fig.3: Influence of number of bars n and gaps on K



Fig. 4: CFD predictions of concentration distributions in cross sections, generated using the
tragjectory mapping scheme, for original SMX mixing elements (ME) with (n=8, no
gaps), a) after 1 ME, b) after 2 ME, ¢) after 3 ME, d) after 4 ME

a) b) c) d)

Fig. 5. CFD predictions of concentration distributions in cross sections, generated using the
trajectory mapping scheme, for SMX plus mixing elements (ME), @) after 1 ME, b)
after 2 ME, c) after 3 ME, d) after 4 ME

The effect of both n and the gaps on K| are shown in fig. 3. It is obvious, that areduction of n
influences K. Using n=4 instead of n=8 without gaps reduces K, by roughly 15%. The
influence of the gaps on K. is however much more significant. By using the gaps in an
otherwise identical mixer, one can nearly reduce K by 50% while keeping the number of bars
constant. By simultaneously reducing n and by introducing the gaps, the pressure drop can be
strongly reduced. The SMX plus has 6 bars and gaps with an overall reduction of the pressure
drop of more than 50% compared to the origina SMX.

Sequences of concentration distributions calculated in cross sections of a mixer are shown in
fig. 4 and 5 for the original SMX and the SMX plus. The effect of the mixer barsis atransport
of fluid in the cross flow direction leading to stripes in the concentration distribution. The
uniformity of these stripes is very important for the homogeneity of the distribution after a
number of mixing elements. One can see, that the SMX plus with 6 bars and gaps generates
promising mixing patterns which are comparable to the original SMX.

A usua measure of homogeneity is the coefficient of variation (CoV) of the concentration
field in a cross section. For the determination of the CoV, al valid points in the mapping for
the cross section were taken into account.
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Fig. 6. CFD predictions of the development of the CoV over the mixer length

Figure 6 shows the calculated development of CoV over the length of a mixer for 3 mixer
types. Of the results shown in figure 6, the SMX plus is over the first few mixing elements
dlightly inferior to the origina SMX. The predicted mixing quality of the SMX plus catches
however up with the origina SMX mixer after roughly 7 mixing elements and it even
generates lower CoV values at 10 mixing elements. This is a very attractive mixing
performance because the pressure drop of this novel mixer is less than 50% of the original
SMX. As a comparison, the performance of a SMX type mixer with only 4 barsis plotted too.
This mixer with only 4 bars has a slight advantage over the original SMX in terms of pressure
drop. As can be seen from figure 3, one can reduce the pressure drop by 15% using mixers
with 4 bars. The price for the reduced pressure drop in the case of SMX type mixers with 4
bars and without gapsis however a clearly reduced mixing efficiency.

4. Experimental verification of mixing performance

In order to experimentally validate the results obtained with CFD, experiments using a LIF
(Laser Induced Fluorescence) test rig have been performed. For details about the LIF test rig
see [13,14]. Mixing elements with diameter d=51.3 mm have been placed in a plexiglas tube
of diameter d=52 mm. Two streams of glucose with identical viscosity and flow rate are
pumped through the tube. The initia division plane between the streams is the mid section of
the tube. One of the streams has a homogeneous content of Rhodamine with a concentration
50 ng/l. A laser optic illuminates the cross section plane after the mixers and the Rhodamine
emits light proportional to its concentration and the loca intensity of the laser light. The
illuminated cross section is captured by a digital camera. Using adequate calibrations, the
concentration distribution of the fluid stream with tracer in the cross section can be
determined from these pictures and thus the CoV can be calculated. For the determination of
the CoV, al pixels lying within the cross section of the tube were taken into account. Since
the Reynolds number of the flow was extremely low, the flow and concentration pattern didn't
change much with time. Therefore consecutive pictures gave nearly identical results.

Figures 7 and 8 show calibrated LIF pictures for the original SMX as well as for the SMX
plus. These pictures aready show qualitatively, that the mixing performance prediction from
CFD is not completely confirmed by the LIF measurements. CFD results have predicted
identical or better mixing quality for the SMX plus compared to the original SMX after 8
mixing elements. The LIF measurements show, that the mixing performance of the SMX plus
indeed is nearly as good as the original SMX. A quantitative comparison reveads, that the
SMX plus always needs roughly one mixing element more than the original SMX (fig. 9).
While there are certain differences between the exact prediction of the CFD tool and the LIF,



the main result that the SMX plus is very efficient is confirmed by the LIF results. Also the
pressure drops measured were in very good agreement with the CFD predictions.

a) b)

Fig. 7: LIF picturesfor the original SMX (8 bars, no gaps) a) at L/D=6, b) at L/D=8

a) b)

Fig. 8: LIF picturesfor the SMX plusa) at L/D=6, b) at L/D=8

The differences between the CFD prediction in combination with the trajectory mapping
scheme and the LIF results may be caused by a differences in Peclet numbers, inaccuracies
associated with the mapping scheme applied mainly due to some terminated trajectories and
the way the diffusion is taken into account in this scheme.
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Fig. 9: LIF measurements of CoV for the original SMX and the SMX plus

5. MIXING OF STREAMSWITH DIFFERENT VISCOSITIES

Both CFD simulations with special post processing as well as the LIF experiment have only
investigated the case of mixing two streams with identical properties. For practical
applications, cases with strongly different viscosities are more relevant and also more
difficult. In order to test, whether the SMX plus can aso efficiently mix streams of different
viscosities, a decolorization experiment has been performed. A highly viscous stream of
glucose colored with iodine was bleached using an aqueous solution of NaS,0s. The
viscosity ratio between the two streams was roughly 15'000 and the flow ratio between
glucose and NaS,03 was 30:1. This experiment has been performed both with the original
SMX and the new SMX plus. A tube of diameter d=20 mm was used for these experiments.
Mixer bars with 20 elements were used in both cases. The decolorization of the glucose was
judged visually. Asfor the cases with equal viscosity, the results for the original SMX and the
SMX plus differed by one element (tab. 1). The relative performance of these two mixers
seems therefore to be similar for streams with widely different viscosities as for streams with
identical viscosities.

Fig. 10: Decolorization experiment with the SMX plus. Flow from left to right

Tab 1.: Number of mixing elements necessary for a complete decol orization

Mixer type Number of mixing e ements

Original SMX 10

SMX plus 11




6. SUMMARY AND CONCLUSIONS

In this paper, we have shown that the new SMX plus (patent pending), a modified version of
the original SMX with only 6 bars and with gaps between the bars, has less than 50% of the
pressure drop of origina SMX mixing elements but only a marginally reduced mixing effect.
In typical applications, a mixer bar of this novel element type needs to consist of one element
more than a bar of original SMX mixers to achieve the identical mixing performance. This
difference is more or less independent of the overall mixer length. The mixing performance of
the new mixing element thus comes closer to the origina SMX the more elements a mixer
consists of.

CFD analysis predicted a favorable mixing behavior for such mixing elements. This has been
confirmed by LIF measurements and also by decolorization tests for streams with strongly
different viscosities. The use of this novel modification of the SMX mixer will therefore lead
to significant improvements where pressure drop in mixing applications is critical. This
means that either the pressure drop or the size of the mixer. In both cases, the price of the
overall mixing solution can be reduced by using the SMX plus instead of the original SMX.
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