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KEYWORDS ABSTRACT

Square cyclone, Cyclones are devices used to separate two or more phases from a mixture. In this research,
Experiment design, the effects of five cyclone inlet parameters including inlet height and width, outlet diameter,
Sensitivity analysis, total height and cyclone body height on two outlet parameters including pressure drop and
Sobel. cut-of diameter have been investigated through regression equation and Sobel statistical

analysis. The results showed that inlet width with 40%, inlet height with 36% and outlet
diameter with 24% had the greatest effect on the pressure drop, respectively, and the total
height and height of the cyclone body had no effect on the pressure drop. On the other hand,
inlet width with 40%, inlet height with 38%, cyclone total height with 12% and cyclone body
height with 10% respectively had the greatest effect on the cut-of diameter, and the cyclone
outlet diameter had no effect on the cut-off diameter.

Extended Abstract

1. Introduction

from the gas stream. Gas and solid particles enter the cylindrical or square collector at an angle and move

downwards in a vortex path at high speed. Then, based on the principle of survival, the amount of angular
movement of an internal vortex starts from the end of the cone in the opposite direction of the vortex and continues upwards.
Finally, the air is free of solid particles in the outlet duct. Heavier solid particles are separated from the gas flow due to collision
with the walls. In separating cyclones, as a result of injecting tangential particles into the body of the cylinders, a centrifugal
force is introduced into the solid-liquid mixture [1]. The effects of inlet gas velocity, cyclone inlet width, vortex zone length
and vortex zone diameter on cyclone performance were investigated experimentally. As a result, it was observed that the
diameter of the vortex has a great effect on the performance of the cyclone. Also, the results showed that the length of the
vortex section has a direct effect on the overall performance, so that it reduces the back mixing losses caused by the Bernoulli
effect and particle jump [2]. Length and diameter are reported as important parameters in cyclone design [3]. The effect of
cyclone inlet dimensions on performance and flow pattern was investigated computationally using Reynolds stress turbulence
model. It was shown that increasing the cyclone inlet size decreases the tangential velocity and increases the pressure drop [4].
Kim and Lee optimized cyclone design parameters including vortex diameter to improve cyclone performance using an
optimizer code [5]. Although particles less than 5 um are ineffective, this equipment has seven standard geometric parameters
that have been modified by various experts to improve its performance [6]. Performance parameters of a gas cyclone, for
example, pressure drop and cross-sectional diameter, are very sensitive to cyclone geometry. The length of the cyclone strongly
affects the pressure drop as well as the collection efficiency. Therefore, the study was conducted in two ways. First, the change
of parameters in the cylinder as well as the length of the cone was checked on the performance of the standard cyclone. Second,
a comparison is presented between two geometric species for similar increases in their length. It is found that increasing the
cylinder length to 5.5 times the cyclone diameter saves about 34% in pressure drop and increases the efficiency by about 9.5%

C yclones are centrifugal force-based particle collection systems that use the vortex effect to separate solid particles
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[7]. Separator cyclones are most efficient when the particle size is above 5 um. If the particle size is less than 5 micrometers,
the efficiency of this equipment is significantly reduced. It was observed that the collection of particles with a size of 2.5 um
would be very difficult, for which additional filters at the outlet of the cyclone would be required, which would increase the
production [8]. Sobel statistical analysis method has been used to check each of the input geometrical parameters. Sensitivity
analysis is a scientific research that examines the changes in the output of a model quantitatively and qualitatively and also
provides a model based on the information fed to it. Statistical analysis probabilistically simulates the input, then evaluates the
impact of this input on the output. In these methods, it is possible to determine the interaction between several inputs on the
output. In these methods, the output of the model is evaluated for one or more inputs. The Sobel method is one of the best and
most well-known sensitivity analysis methods. The problem of the Sobel method as a very powerful method of sensitivity
analysis is that it can only be used for continuous uniform distribution [9]. Taheri in analyzing the sensitivity of three-
dimensional manipulation of spherical nanoparticles in order to accurately calculate the critical force and critical time for the
first time using the E-fast sensitivity analysis method, the effect of six inputs including cantilever length, cantilever width,
cantilever thickness, tip height, nanoparticle radius and Checked tip radius on 8 output parameters. The final results showed
that the cantilever thickness parameter is the most influential parameter on the critical force and the tip height parameter is the
most influential parameter on the critical moments [10]. In this article, with the help of Sobel's statistical analysis, the effect of
inlet parameters, which include inlet height, inlet width, gas outlet diameter, total cyclone height, and square surface height, on
the outlets, which include pressure drop and shear diameter, is investigated. is placed . In the second part of the article,
regression equations and Sobel analysis along with problem modeling are given.

2. Modeling and formulation

Sensitivity analysis is a suitable tool for investigating systems and determining the impact of input variables on the output
responses of systems in engineering problems. In other words, it is a method to change the inputs of a model in an organized
way so that the effects of these changes on the output of the model can be predicted. Sensitivity analysis can be classified into
several parts, which are classified into graphical, mathematical and statistical models according to the application, which is
definite or probabilistic, or according to the shape of the model. Two important factors in choosing a sensitivity analysis model
are the type of equations governing the model and the interaction of inputs. Sobel sensitivity analysis is one of the model-
independent statistical sensitivity analysis methods based on variance analysis, which is used for non-linear and non-uniform
functions and models [11]. In this method, for the model defined by the function Y=f(X) where Y is the output of the model
and X(x1, x2,..., xn) are the input vectors. And the model output variance (V) which In total, the variances of each sentence
analyzed in relation 1 are:

V) =) Vi ) Vgt &
i=1 isjsn

The general indices or the general effect of the parameter is the sum of all the ranks of the sensitivity index for that parameter
in the form of equation 2 [12]:

Sri =S, +ZS"" + ... ®)
i*j
Using the Sobel statistical sensitivity analysis method, the effect of each input on the output will be qualitatively and
accurately recorded. For multi-objective optimization, and CFD perspective for performance analysis in square storm,
Venkatesh et al. [13] Through the design of the experiment, the regression equation of the outputs was obtained in the form of
equations 3 and 4 for pressure drop and shear diameter, respectively.

P =471/745570/6 a+ 11/589 b — 10/350 De — 12/00 Ht 3)
Xso = 1/385 + 17/459 a + 35/923 b — 0/868 De — 1/0942 Ht — 1/0095 h (@
3. Simulation

In this section, using the statistical sensitivity analysis method, the effect of each of the input parameters on the outputs
whose regression equations were mentioned in equations 3 and 4 has been investigated. The effect of increasing the inlet height
on each of the outlets i.e. pressure drop and cut-off diameter was investigated and it was observed that with the increase of inlet
height, the output parameters including pressure drop and cut-off diameter also increased. The reason for this is the increase of
the inlet area where particles with a larger diameter and higher pressure can enter the system. On the other hand, as the width
of the inlet increases, each of the outlets, i.e. pressure drop and cutting diameter, also increases. Changing this parameter and
the reason for its effect on the outputs is like increasing the height of the input. Therefore, according to the effect of the two
investigated cases; That is, from the height of the inlet and the width of the inlet, it can be concluded that the larger the area of
the inlet of the cyclone, the more pressure particles enter the cyclone, which ultimately causes pressure. The changes in gas
outlet diameter and its effects on pressure drop and shear diameter are such that with the increase in outlet diameter, the decrease
in pressure drop was observed. The larger the diameter of the cyclone outlet, the higher the outlet speed and the pressure
decreases due to the reduction of the outlet area. But increasing the output diameter has no effect on the cutting diameter, and
with increasing the output diameter, the cut-off diameter remains unchanged and can be ignored. On the other hand, it was
observed that the total height of the cyclone and the height of the cyclone body have a similar effect on the output parameters
so that they do not affect the pressure, because the pressure drop is affected by the inlet and outlet and the height of the storm
does not affect the pressure drop. But with the increase of the total height of the cyclone and the height of the cyclone body,
the cutting diameter has decreased a little. Now, by using the Sobel statistics analysis method, the effects of all points can be
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seen and compared together on each of the outputs. The effect of all input parameters on pressure drop and cut-off diameter is
shown in Figure 1.

Total Pressure  Body cut-off diameter  Body
height height (h) Total height (h)
(Ht) 0% height 10%
0%Qutlet (Hp)
diameter 12%
(De)
24% Outlet
diameter
De)

0%

Figure 1. The percentage of influence of input parameters on pressure drop and shear diameter

4. Conclusion

After According to the figures provided for the effect of input parameters on the outputs, which include pressure drop and
cutting diameter, it can be said that the input height parameter will have the greatest impact on the outputs. According to the
results, the height of the inlet has the greatest effect on the pressure drop with an effect of 40%. The next effective parameter
will be the input width with a hit rate of 36%. After that, the outlet diameter is 24% effective. On the other hand, it was observed
that the height of the whole cyclone and the height of the square part of the cyclone have no effect on the pressure drop. Also,
inlet height with 40%, inlet width with 38%, cyclone total height with 12%, cyclone body height with 10% and outlet diameter
with 0% have the least effect on the cut-off diameter.
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