B19 B 2 3 SO I D Vol.19 No.2

2019 £ 4 H The Chinese Journal of Process Engineering Apr. 2019
gﬁi_-'!fr’a.f!}?ﬁ:;; iy _‘ _1&’)-‘-&?’%@
P R ‘% DOI: 10.12034/j.issn.1009-606X.218248
NIRRT

Research status of hydrocyclone and its application prospect in wastewater
treatment of coal chemical industry

Yuanwei SUI'?,  Guangru JIA®>, Gaojie XU?, Qiang DONG'*, Pengge NING*, Hongbin CAO?

1. Department of Biology and Environmental Engineering, Hefei University, Hefei, Anhui 230601, China

2. Key Laboratory of Green Process and Engineering, Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190,
China

3. Hebei Iron and Steel Group Hansteel Company, Handan, Hebei 056015, China

Abstract: The hydrocyclone is a kind of effective device for two-phase fluids separation using centrifugal force field.
Although the hydrocyclone has a simple structure and small size, its separation efficiency is very high and it can be
easily installed. Therefore, it is widely used in chemical, petroleum and underground mining industries. First, this work
mainly introduces the working principle, theoretical research and application status of the hydrocyclone. The research
development of hydrocyclone is discussed from the aspects of numerical simulation, structural parameters, operating
parameters and physical parameters, as well as the progress of its application technology. And based on the
characteristics: high emulsification, high dispersion and high viscosity of coal chemical wastewater water, the
application prospect of hydrocyclone in coal chemical wastewater pretreatment is discussed. The combination of
simulation and experiment of hydrocyclone has become the main research direction. The fluid condition of two-phase
flow in hydrocyclone is deeply discussed, which provides theoretical basis for the improvement of the hydrocyclone
structure, which is conducive to the rapid development of hydrocyclone and people's in depth understanding of it, and
expands the application scope of hydrocyclone. We found that the research on structure improvement and operation
parameters optimization of hydrocyclone are quite limited and the key to effective oil-water separation is the properties
of the fluids. Therefore, it is very important to pretreat oily wastewater in the beginning. Demulsifier or flocculant,
ultrasonic or microwave can be used to improve the physical properties of oily wastewater. For oily wastewater
treatment, the detailed researches on the effects of oily wastewater’s physical properties and the application of numerical
simulation will guide us to improve the separation efficiency of hydrocyclone in the future. It is certain that the
hydrocyclone will have good economic benefits and wide application prospects in the deoiling and decoking process
of coal-chemical wastewater.
Key learning points:
(1) Oil and water properties have an important influence on the separation performance of hydrocyclone.
(2) The combination of chemical reagents and mechanical equipment has the characteristics of high efficiency and
energy saving.
(3) Hydrocyclones have excellent application prospects in coal chemical wastewater treatment.
(4) Numerical simulation plays an important role in the parameter optimization of hydrocyclone.
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Fig.1 Schematic of hydrocyclone structure
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Table 1 Classification and application of hydrocyclone

Type Purpose of separation

Field of application

Solid-liquid Obtaining a pure liquid phase and a high concentration
hydrocyclone  solid phase
Solid—solid Obtaining grit that is smaller than the specified grain-size
hydrocyclone  solids or obtain high-density concentrates and
low-density tailings
Liquid-liquid  Obtaining two pure liquid with different densities
hydrocyclone
Liquid—gas Utilizing the negative pressure zone generated by the
hydrocyclone  high tangential velocity of the hydrocyclone to degassing
and obtain high pure liquid
Solid—gas Obtaining clean gas and pure solids or get two solids of
hydrocyclone  different sizes

Mineral concentration, environmental protection, ceramics, building materials,
and other industrial products for concentration and geological drilling

The heavy classification of mineral engineering, separation and removal of
heavy medium

Crude oil dehydration in oil industry, degreasing of oily wastewater and
dehydration of light oil
Separating gas from crude oil in oil industry

Various types of flue gas dust and purification of various dust gases in
environmental projects
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Table 2 Liquid—liquid hydrocyclone category

it

Type Pre-separation hydrocyclone Dewatering hydrocyclone Deoiling hydrocyclone Ref.
Purpose Removal a large amount of water from the mixture to meet the Sewage degreasing to meets the

external transmission requirements environmental protection requirements
The liquid of oil-outlet Oil with less than 40vol% water Oil with less than 10vol% water Oil that needs to be removed [5]
The liquid of water-outlet Oily sewage Oily sewage Purified water
Oil concentration in inlet <40wt% >60wt% <2% [15]
Oil concentration in water-outlet <2000 mg/L <Swt% <30 mg/L [15]
Water content of the oil-outlet Less than 40% Less than 10wt% Unrelated [5]
Treatment method of the liquid in oil-outlet Further processing is required ~ No dehydration Return to upstream
Treatment method of the liquid in water-outlet Further degreasing Outward discharge

Phase characteristic

Oil in the continuous phase, and water in the dispersed phase Water is the continuous phase, and oil is

the dispersed phase

®3 mmiERS K

Table 3 Classification of turbulence model

Model

Feature

Standard k—¢ model

RNG k—¢ model

RSM model

LES model

Proposed by Launder et al.?2], was applicable to a wide range, economy and reasonable precision. It is a semi-empirical formula, which
is summarized from the experimental phenomena

The RNG model adds a condition to the ¢ equation, which effectively improves the accuracy. It is an improvement of the standard k—e
model. This improvement is mainly reflected in the model coefficient and the dissipative additional terms, but does not break through
the isotropic framework within the vortex-viscosity assumption. The framework of the same-sex model(?]. It takes the turbulent eddies
into account which improves the accuracy in this area

Since RSM more strictly considers streamlined bending, vortices, rotations, and rapid changes in tension than single- and double-
equation models, it has the potential for higher accuracy predictions for complex flows. However, this prediction is limited to the
equation related to Reynolds stress. The Reynolds stress model gives up isotropic velocity assumptions and takes full account of the
sharp changes in stress tensors caused by fluid rotation and streamline bending. When the model considers the anisotropy of Reynolds
pressure, an RSM model, such as hurricane flow, is applied

Large eddy simulation calculation is complex, LES most of the fleet in super computer or network parallel environment>*2%1 LES
belongs to high Re number simulation, for low Re number close to the surface area when the flow, you need to use other processing
method, see literaturel2’-2°]
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