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Abstract

Abstract

Cyclone separator is a kind of equipment that uses rotary motion of gas-solid
two-phase fluid to make the solid particle separated from the gas flow by centrifugal
force. Their simple design, operational and maintenance conveniently, low
manufacturing costs make them widely used in the fields of petroleum, chemistry,
metallurgy. Because the internal flow has strong vortex turbulence characteristics, gas
and particle motion in cyclone are extremely complex. It is difficult to research the
distribution of internal flow field and separation mechanism with traditional
experimental methods. With the development of Computational Fluid Dynamics,
numerical simulation becomes the main means to study the cyclone separator.

Working condition and structure parameters of cyclone separator have decisive
effect on its performance. For a given cyclone separator, its working condition
parameters include particle radius, particle density and inlet velocity. We need to
discuss the applicability of the separator because the working condition parameters
can change within a certain scope, its can provide theoretical evidence to choose
appropriate operating conditions under different working conditions.

At the same time, cyclone separator structural parameters under a certain
working condition determines its performance, so performance optimization base on
the change of structural parameters become a concern of engineering problem. Due to
many variables of cyclone separator structural parameters, it can produce a variety of
combination structure in theory, it brings large workload if research all combinations.
It is of great significance to search a structure optimization of structural parameters
variation method.

This paper mainly carried out several aspects research as following:

1. The RNG k- &€ model and discrete phase model (DPM) are used to simulate
the turbulent flow of gas phase and particle trajectory of solid phase respectively in
cyclone separator. Under the different particle size and particle density environment,

the orthogonal test method was introduced to discuss the relationship between the



Abstract

cyclone separator inlet velocity and separation efficiency.

2. Research cut-off size of different cyclone separator that is associated with
separation efficiency, establish mathematical iteration format, through numerical
simulation and iterative calculation, obtain three different cyclones cut-off size under
the condition of four different velocity.

3. Reynolds stress model (RSM) is used to calculate the two phase flow field
inside the cyclone separator. The experiment project is designed based on regression
orthogonal test method, the regression models of pressure drop and separation
efficiency of cyclone separator are established respectively using the test data.
According to the regression models with low pressure drop, high separation efficiency
as the goal, the optimal structure parameters of cyclone separator is obtained by

multi-objective optimization.

Key Words: Cyclone Separator; Numerical Simulation; Separation Efficiency;

Cut-off size
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