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Abstract. The article considers the issues of gas flow purification from solid particles of small
diameters 1-10 um. The comparison of the efficiency of collecting the finely dispersed
particles by rectangular separator and cyclonic separator CN-11 was conducted. The design of
a rectangular separator and results of the finely dispersed particles settling on the I-beams of
device were introduced. It was shown that different arrangement of I-shaped elements in the
device and ratios between them have a significant impact on efficiency of collecting the finely
dispersed particles of small diameters. The study of collecting the finely dispersed particles
was conducted by means of the software package ANSYS Fluent. The numerical simulation
was conducted by solving differential equations of motion and continuity. The turbulence
model — SST was used in order to close the system of equations. Here we can find the results
of computer simulation and impact analysis of dimensions of the I-shaped elements
projections on the separator’s efficiency. The maximum efficiency of separator is achieved
when the ratio of the I-beam projection towards its length is equal to 0.2428. The use of a
rectangular separator provides an increase in the specific surface area of the contact of phases
with a simultaneous decrease in hydraulic resistance against the gas flow.

1. Introduction
Industrial growth leads to the toughening of requirements and rules, applicable to the gas purification
after technological processes at the enterprises from the contained components, such as combustion
products, ash, slag etc., which have harmful impact on the airshed of enterprise and nearby
settlements. Increasingly at risk are the employees of enterprises, at which the technological processes
are directly conducted, entailing air pollution. In order to solve this problem, different purifying
devices, allowing to solve these problems effectively enough, are used in petrochemical, energy etc.
industries. The most popular and reliable purifying devices are inertial dust collectors [1,2]. Among
them the most widely used are cyclonic separators, characterized by a relatively high purification
degree, simplicity of design and maintainability, reliable operation at high temperatures of up to
500°C. The main disadvantages of cyclonic separators are low efficiency of collecting the finely
dispersed particles of up to 10-20 um, depending on the design of cyclonic separator and high
hydraulic resistance reaching 1250-1500 Pa [3-6].

Sometimes, in order to improve the operation quality of cyclonic separators, the battery cyclonic
separators are used, consisting of several parallel-connected cyclonic elements in a single case.
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However, such design of cyclonic separators increases the overall dimensions, specific consumption of
metal and cost of these devices [7-9].

Therefore, this work, aiming at development of new purifying devices with low hydraulic
resistance and high efficiency of gas flows purification from finely dispersed particles of small
diameters in different industrial processes, is a relevant objective [10,11].

This work includes the results of numerical study of the gas purification processes from finely
dispersed particles by rectangular separator.

2. Statement of a problem

Study of the gas flow purification processes from finely dispersed particles is associated with
numerous difficulties. Very often it is impossible to determine the geometric dependencies between
the elements of device in order to improve its efficiency and reduce hydraulic resistance. In some
cases, we have contradicting results, showing the hydraulic resistance decrease, but they also lead to
the efficiency decrease of device or vice versa [12,13].

In order to obtain the dependencies, allowing to calculate the proposed rectangular separator, to
identify the optimal design ratios and to compare with the efficiency of cyclonic separator, the
calculated analysis of the gas flow separation from finely dispersed particles of less than 10 um, with a
cross flow of I-beams in rectangular separator, was conducted (figure 1) [14].
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The studied device has a rectangular shape with height of 192 mm, width of 104 mm and length of
90 mm. Inside of the device there are 5 rows of I-beams and each of them has a length of ¢ = 13 mm,
thickness of 6 = 0.5 mm. In order to ensure minimum deflection, the I-beams are interconnected by 2
transverse plates, which are fixed height wise and are connected to the case of device. There are
additional projections of b, mm long at the ends of I-beams. Distance between the rows of I-beams
was taken of L, mm. The main goal of this work is to determine the optimal values between the
parameters ¢, b and L in order to reduce the hydraulic resistance and improve the efficiency of the
rectangular separator (figure 1).

The initial temperature of the environment under study was taken of 20°C, ambient pressure of 10°
Pa, the volumetric gas flow rate was ranged from 0.05-0.444 m®/sec.

During the studies, an air, containing n = 1000 of particles with density of p = 1075 kg/m® was
taken as the working body, while the diameter of particles was ranged from a = 1-10 pm.

An operation principle of the device lies in the fact that the centrifugal force appears when the
multiphase flow moving between the device elements and throws the dust particles to the beams,
causing them to fall out of the flow. Different length of the I-shaped elements ¢ and the length of their
projections b have significant impact on this process. In order to find the optimal ratio between the
lengths of I-beams and their projections, the dimensionless coefficient k was introduced, determined
by the formula:

k=b/c 1)

where b — length of the I-shaped elements, m; ¢ — width of the I-shaped elements, m.
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Availability of several rows of 1-beams increases the efficiency of the gas flow purification from
polydispersed particles due to more structural gas flow due to the centrifugal force occurrence between
I-beams. In order to ensure the maximum value of centrifugal force, the following condition shall be
met: a circle, drawn from the center of the I-beam shall pass through the extreme points of projections
of I-shaped elements of adjacent rows. In other words, the distance between adjacent rows of I-shaped
elements L, which depends on the dimensionless coefficient k, can be determined by the formula:

L=c(k+1)/2 )

3. The study of collecting the finely dispersed particles by rectangular separator
Development of a new technical solution, namely the purifying rectangular separator, was performed
using the software module Ansys Fluent. The finite-element method was used for this task [15,16].
When studying the process of collecting the finely dispersed particles of up to 10 um by
rectangular separator, some dependencies were obtained (figure 2-4), showing that the efficiency of
rectangular separator is by several times greater than that of a cyclonic separator for the gas
purification from particles of small diameters. Cyclonic separator’s data was taken from the previously
performed studies also in the software Ansys Fluent. There was considered the model of cyclonic
separator CN-11. In order to compare the rectangular separator and the cyclonic separator, the same
volumetric rates Q, m¥/sec at the inlet into the devices were taken, as well as width and height of the
input nipples into the rectangular and cyclonic separators and the same parameters of gas and solid
particles in it [17-22].
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Figure 2. (a) Nature of the change of efficiency of collecting the finely dispersed particles according
to an increase in their diameters for different devices; (b) Nature of the change of hydraulic pressure
losses depending on volumetric gas rate at the inlet of purifying devices; 1 — cyclonic separator, 2 —
rectangular separator.

Rectangular separator with design parameters k = 0.25, L = 8.125 mm, collects the finely dispersed
particles of up to 6 pum at the average by 52% more than cyclonic separator CN-11 at the input
volumetric gas flow rate Q = 0.444 m®/sec, and at the diameter of particles of more than 9 um, the
efficiency of both devices is almost the same 99.7-100% (figure 2a). However, a significant
disadvantage of a rectangular separator is a kind of large values of pressure losses (figure 2b). At Q =
0.444 m®/sec, the pressure losses of the separator are by 41.81 times greater than that of the cyclonic
separator, which is totally unacceptable, but with the decrease in volumetric rate at the inlet of the
separator, the pressure loss values become equal to the values of cyclonic separator and at small flow
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rate Q = 0.05 m*/sec, become lower than that of cyclonic separator. At small values of the volumetric
rate Q, the hydraulic resistance of the cyclonic separator is also reduced, but this leads to a significant
decrease in the efficiency of collecting the particles of any diameter, thus in practice the battery
cyclonic separators are used, which, in its turn, leads to an increase in dimensions, weight of devices
and their economic costs.
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In order to reduce the hydraulic pressure losses in rectangular separator, the authors of this article
propose to install several separators within 1 case and to use this design by the example of battery
cyclonic separators. Then for the replacement of 1 cyclonic separator CN-11 at Q = 0.444 m*/sec we
need 9 rectangular separators, which should be used at Q = 0.05 m*/sec.
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Figure 4. Dependency of the gas flow
0.55 | B3 separation efficiency by rectangular separator at
0.5 . . . different values of dimensionless coefficient k
0.1 0.2 0.3 0.4 0.5 for different diameters of the particles, um: 1 —
Dimensionless coefficient & 1,2-2,3-3.

This design of a rectangular separator will allow achieving the hydraulic resistance by 52 Pa lower
than the cyclonic separator CN-11 has and increasing the efficiency of collecting the finely dispersed
particles by 2-3 times. Change of the rectangular separator’'s efficiency at different values of the
volumetric rate Q was considered in the previous studies. These studies showed that the decrease in
volumetric rate Q from 0.444 to 0.05 m%sec reduces the efficiency of the separator at the average by
4%. Efficiency of the rectangular separator at Q = 0.05 m*/sec, depending on the dimensionless
coefficient k for different diameters of particles, is shown in figure 4. As previously stated and as we
can see in figure 1, different numeric values of geometric elements of a rectangular separator have a
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significant impact on hydraulic pressure losses in the device AP and on its efficiency E. Minimum
pressure loss values are achieved at k = 0.2428 (figure 3). This k value is the same for any of the
volumetric rate Q. Maximum efficiency of collecting the finely dispersed particles by rectangular
separator is also achieved at k = 0.2428 (figure 4). For the particles with a diameter greater than 4 pm,
efficiency of the separator at any k values in the limit of 0 < k < 1 at the average is equal to 99.9%, but
pressure loss values are substantially increased (figure 3,4).

After determination of an optimal value of the dimensionless coefficient k by equations (1,2), we
can identify an optimal arrangement of I-shaped elements and dimensions of their projections in
rectangular separator.

The calculations showed that the use of rectangular separators with correct arrangement of I-shaped
elements inside of the device allows collecting the finely dispersed particles of up to 10 um more
efficiently than cyclonic separator by 2-9 times.

4. Conclusion
The use of several rectangular separators in a single case at k = 0.2428 allows replacing the cyclonic
separator for the gas flow purification from finely dispersed particles and obtaining the hydraulic
resistance inside of the device lower than that of the cyclonic separator.

Considering the simplicity of design and its maintainability, we can make a conclusion about its
applicability for conducting the processes of gas flows purification from finely dispersed particles of
up to 10 pum.
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