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Abstract—This paper provides a comparison between the
separation efficiency in cyclones separators using two
optimization techniques. Separation optimizations using
ferrous powder, and additional tangential chamber were
investigated. The proposed techniques show separation
efficiency enhancements compared to the basic cyclone
separator design. The separation ratio efficiency, &p, is
evaluated by calculating the outlet to inlet count ratio. Similar
to experimental studies in the literature, the inlet and outlet
particle counts were evaluated using discretization techniques
with the help of a microscope and a membrane collecting the
dust at the outlet. It is observed from the two optimization
techniques that the addition of ferrous powder while attracting
it through magnetic forces provides an additional separation
enhancement by 2% for 11 um particles sizes. This advantage
comes with a total of 25% efficiency enhancement for 4 um
particles compared to conventional designs. This study gives
an insight on the different approaches proposed.
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. INTRODUCTION

There has been an increasing demand for natural gas
extraction in the last 50 years [1]. To meet this demand
efficiently, there have been advances in all the natural gas
processes. A special attention had been given to natural gas
treatment process by which the natural gas is cleaned from
residues and unwanted particles [2]. The efficiency
enhancement in gas treatment leads to reduction in energy
consumption, which in turns reduces the overall CO, emissions
into the environment.

The removal of solid and liquid particles is among the most
important processes in natural gas treatment [2]. It is essential
to remove the solid particles from the gas stream as they are
considered to be the main reason in damaging the downstream
equipment such as compressors, pressure vessels and heat
exchangers. Many techniques have been innovated to remove
these particles from the natural gas stream. Among the
evolving technologies used to remove solid particles are the
cyclone separators. Cyclone separators consist of a major barrel
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and a conical chamber by which the solid particles are
separated from the main stream by centrifugal forces [3].
Compared to other solid-gas separators, the main drawback of
cyclone separators would be its inability to separate small sized
particles (i.e. particles smaller than 3 um at efficiencies higher
than 75%). On the other hand, cyclone separators have an
advantage among other types of solid-gas separators (such as
cartridge filters) and that is its low operating cost as well as its
simple design [3].

Many researchers have focused on enhancing the cyclone
separator efficiency. Among those, Kim et al. [4] proposed the
introduction of guiding vanes to enhance the separation
efficiency. Their results indicate an increase by 27% in
separation efficiency for 4 um particles. Another study
conducted by Lim at al. [5] investigated splitting the inlet of the
cyclone separators into two parts. Their results showed a
separation efficiency increase by 15% as compared to the
conventional one inlet cyclone separator. In a similar study,
Xiong et al. [6] attached vortex finders at the inlet of the
cyclone separator. Their analysis showed that helical profile
vortex finders could enhance the separation efficiency by 9%
compared the straight profile vortex finders. Xiang et al. [7]
also studied the effect of the conical chamber dimensions on
the separation efficiency. Their study findings indicate that a
decrease in the bottom radius of the cone from 19.4 mm to 11.6
mm would enhance the separation efficiency by 16%. Yoshida
et al. [8] suggested the study of the conical length effect on the
separation efficiency. Their analysis showed that the 50% cut
size was reduced. Park et al. [9] also investigated the effect of
allocating cyclone separators in series with step-up cyclone
chamber diameters. The first cyclone could segregate particle
sizes ranging from 4.5 — 11 um, the second cyclone could
segregate particle sizes ranging from 3.4 — 7.9 pum, and the
third cyclone could segregate particle sizes ranging from 1.8 —
4.3 um. The injection of mist was another proposed study
analyzed by Yang and Yoshida [10]. In their analysis, they
were able to achieve a 20% efficiency enhancement for 1 um
particle size capturing at 20 m/s inlet velocity.

Although many investigators have reached an enhancement
in the separation efficiency, this study compares between two
novel and simple techniques for separation efficiency
enhancement.
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Il. METHODOLGY

In this study, a conventional cyclone separator based on
Stairmand’s design [11] was modified. Two modification
techniques were applied. The first method studies the effect of
adding ferrous powder along with magnets to enhance the
separation efficiency. The magnetic force will act in the
direction of the centrifugal force, and hence, separation
efficiency will be enhanced. The second method studies the
effect of adding a tangential collecting chamber at the conical
section of the separator. As particle velocities increase in this
section of the cyclone separator, the tangential collecting
chamber will increase the tendency of capturing smaller solid
particles at a higher rate, and hence, separation efficiency will
be enhanced.

A. Ferrous Powder Addition

This novel technique involves mixing the gas-solid inlet
mixture with adhesive ferrous powder. Particles entering with
the gas flow get attached to ferrous powder through a helical
mixing chamber. The solid particles will stick to the adhesive
ferrous powder and then get attracted by permanent magnets
attached to the walls of the cyclone separator in the major
barrel [12]. The additional magnetic force is applied radially in
the same direction as the centrifugal force; therefore, separation
forces would increase and increase the separation efficiency.
Figure 1 shows a schematic of the attraction process.
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Figure 1: Schematic of ferrous powder addition

B. Additional Tangential Chamber

This novel technique suggests the use of an additional
opening (collecting chamber) located at the conical section of
the cyclone separator. The aim of the additional chamber is to
collect particles at their highest angular velocities. Higher
velocities conclude that the particles have higher tendency to
reach outer walls of the conical section [13]. The additional
collecting chamber at the conical section would increase the
chances of collecting more particles reaching the walls of the
conical chamber. This approach will reduce the possibility of
escaping particles after bouncing off the conical chamber walls
and escape with clean gas. Figure 2 shows an image of the
additional tangential chamber located at the conical part of the
cyclone separator.
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Figure 2: Additional conical tangential chamber

In both setups, the escaped solid particles are captured on a
Whatman GE Healthcare membrane at the outlet stream. The
exit outlet particles are also analyzed using the Qualitest
Digital Microscope.

IIl.  RESULTS AND DISCUSSIONS

The separation efficiency evaluated in this study (&) is an
indication of the cyclone separator performance. Therefore,
higher values of the separation efficiencies indicate an
enhanced cyclone separator and vice versa.

A. The Effect of Ferrous Powder Addition

Adding ferrous powder to the solid particles stream and
recapturing the mixed (ferrous-solid) combination adds to the
centrifugal force behaving on the solid particles in traditional
cyclone separators. The additional force increases the chances
of solid particles to reach the outer walls and get separated.
Thus, the separation efficiency enhancement shown in Figure 3
explains the effect of the additional magnetic force compared
to tradition cyclone separator performance.

B. The effect of adding a tangential chamber

Adding a tangential collection chamber at the conical
section of the cyclone separator plays the role of capturing
particles which reach the walls of the cone. This method raises
the opportunity of capturing these particles while reducing the
percentage of escaping particles with the fluid flow after hitting
the walls. Thus, the separation efficiency enhancement shown
in Figure 3 explains the effect of the additional tangential
chamber compared to tradition cyclone separator performance

The separation efficiency results of both proposed
techniques are shown in Figure 3. It is very clear that both
techniques add to the separation efficiency. The minimum
enhancement that both techniques provide is 25% at 4 um
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particles and 3% at 11 um particle sizes. Moreover, the
separation efficiency enhancement using ferrous powder show
better performance as compared to tangential chamber
performance (i.e. ferrous powder technique shows a 2% higher
separation performance compared to the tangential chamber
addition). This enhancement could be due to a consistent force
applied to all particles via the magnetic field. However, in the
additional chamber process, not all particles will reach the
outer walls of the cone at the chamber’s opening. Therefore,
the reduction of the tangential chamber performance compared
to the ferrous powder is explained.
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Figure 3: Comparison between proposed novel methods

IV. CONCLUSIONS

The comparison between two novel techniques was
investigated in this paper. Results show that these techniques,
the ferrous powder addition and the tangential chamber
addition enhance the separation efficiency of solid particles. On
the other hand, the ferrous powder addition shows a better
performance for larger particles as compared to the tangential
chamber addition. Ferrous powder addition shows a 2%
enhanced efficiency over the addition of the tangential
chamber. This could represent the nature of the continuous
attraction force exerted by the magnets on solid-ferrous
particles combination. None the less, both approaches provide a
minimum enhancement of at least 25% for 4 um particles.
Thus, further research in the future could allow cyclone

separators to have higher separation efficiencies and could
allow cyclones separators to replace cartridge filters. Therefore,
lower maintenance time and cost would be saved in the
filtration industry.
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