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ACS OF THE SET OF HYDROCYCLONES WITH A VARIABLE
GEOMETRY IN THE SYSTEM OF HAR TPP

Abstract. The paper deals with hydraulic ash removal (HAR) at TTP. A new design of hydrocyclones with
variable geometry was proposed. In this paper, automation control system for hydrocyclones with variable geometry
was proposed and practically implemented. The parameters of the proposed system operation were determined.
Description of controls and process equipment is given. A general block diagram and mimic diagram of automated
control system for hydrocyclones with variable geometry was constructed in GENIE SCADA-system. Developed
ACS of the hydrocyclone allows to carry out pilot studies to assess the performance of the proposed design of the
hydrocyclone with variable internal geometry. Development of ACS of the HAR process at TPP and boilers will
provide undrained operation, elimination of periodic or continuous purging discharges into water bodies and
optimization of the parameters ash waste transported to ash dumps.

Keywords: hydraulic ash removal, thermal power plants, ACS, variable geometry, hydrocyclone, ash dump,
MiCroprocessor.

Introduction. Relevance of the research. In connection with the aggravation of environmental issues
it is of particular relevance to create effective centrifugal separators for separation of liquid heterogencous
systems for the process of wastewater and gas emission purification from the fine particles. Promising
devices for the separation of liquid heterogeneous systems are hydrocyclones.

Intensive introduction of hydrocyclones in industry is due to the number of significant advantages [1]
compared to devices that perform similar tasks, but operating on the other principles, such as clarifiers,
thickeners, classifiers and others. In some cases, hydrocyclones are used in conjunction with this
equipment, significantly increasing the reliability and overall separation efficiency.

Currently, there is essentially no research summarizing hydraulics and pumping units of
hydrocyclones operating under different physical conditions.

Existing hydrocyclones are designed for separation of specific homogeneous suspension, that is,
regardless of the incoming fluid separation size of particles does not change. This problem is acute in the
use of hydrocyclones at TTP. Coal arriving at TTP often has a different quality, so when cleaning the
boiler with water, resulting liquid has different composition characteristics every time. Installed
hydrocyclones clean the income flow only from particles of a certain size, so each cleaning cycle requires
the adjustment of the hydrocyclone parameters so the purified water has the characteristics of the
standards.

Goal of the study. The aim of this work is to improve the effectiveness of the separation of ash
condensations products due to changes in the geometry of the cyclone using a micro-processor control
circuit.

Research tasks statement. The use of hydrocyclones and hydrocyclone units in vari-ous industrial
processes, where technology often need to change the output parameters in time or, on the contrary, to
keep them strictly at a certain level, regardless of the varying input parameters, set the task of designing
and creating a way to control the operation of hydrocyclones automatically .

At present, this issue has received the greatest develop-ment in the mining and coal industries [2].

A large number of the methods of the control of hydrocy-clone operation used in the production and
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proposed in the literature does not allow to evaluate adequately each of them individually in relation to the
conditions of their work.

Thus, to achieve the above mentioned goal it is necessary to solve the following tasks:

» to develop the design of hydrocyclone with variable in-ternal geometry;

» to develop the microprocessor-based ACS of hydrocyclone;

» to develop the hydrocyclone control units;

» to select the technological equipment;

* to develop the mimic diagram showing schematically the controlled process.

Theory. On this basis, the methods of control of hydrocyclone operation using generalizing
principles are to be analyzed.

Control methods, which are currently most widely used, are assigned to the one of three groups, as
using different prin-ciples, or combinations of them.

The first group includes the methods which use the princi-ple of changing the geometric dimensions
of the elements of hydrocyclones structures; the second group of methods is those which use the principle
of changing the pulp physical properties and (or) mechanical properties of the solid part of the slurry (the
unit of the hydrocyclone or placed inside the device), the third group includes the methods which use the
principle of pressure variation within the hydrocyclone, which occurs without changing the geometric
dimensions of structural elements and physical properties of the feed slurry.

At present, the largest number of the methods to control the operation of hydrocyclones can be
attributed to the first group [3]. This is apparently due to the positive sides of it such as simplicity in
manufacturing and operation of the structural elements in its implementation; the possibility of regulating
a number of devices or systems; a large adjustment range.

However, there are also disadvantages, the main of which are: the lack of smooth regulation;
irrational use of energy costs; large and uneven wear of regulated units placed either in the zone of the
greatest abrasion (sand nozzle) or in zones influencing substantially the flow pattern within the
hydrocyclone (inlet and drain pipes), changing the geometric dimensions of which also leads to the
rearrangement of the mode of the hydrocyclone, whereby the method has a low reliability, and fails to
obtain stable technological parameters.

The second group of methods to control the operation of the hydrocyclones [4], and others have the
following advantages: smooth regulation; constancy of the technological parameters over time; a large
range of regulation and others.

However, the main drawback, such as the inability to control the input parameters of the pulp at some
sites (¢.g. in hydraulic engineering), as even in the closed technological schemes it is not always possible
(if the system has a large volume) due to a large inertia, prevents wide use of the methods belonging to the
second group and makes them impossible to use in hydraulic engineering.

Methods to control the operation of hydrocyclones of the third group [5] have the following
advantages: energy efficiency; ease of implementation and operation; smooth operation; high reliability;
the possibility of switching to manual or automatic adjustment and others. At the same time, these
methods fit efficiently into the alluvium control technology in irrigation systems in mountain and
piedmont areas. Based on this, it can be concluded that the methods referred to the third group are those to
use in regulation of hydrocyclones in irrigation and drainage systems.

However, the ultimate choice of the method for controlling the operation of hydrocyclones using one
or other principle or combination of them, must be done by comparing the feasibility when bound to a
specific object. In the same time both the specific conditions of the proposed work of hydrocyclones and
the methods to control them should be taken into account.

Proposition and the results of implementation. The problem to be solved in this work is to improve
the effectiveness of the products separation of by changing the geometry of the cyclone using a
microprocessor control circuit [6-8].

The technical result of the use of a new hydrocyclone with variable geometry [9, 10] is the
automation of products separation process, reduction of the time of separation, extension of the service
life of the hydrocyclone. Fig. 1 shows a typical hydrocyclone without changing the internal geometry, and
Fig. 2 shows the proposed hydrocyclone with variable internal geometry.
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. . = Figure 2 - The proposed hydrocyclone
Figure 1 - A typical hydrocyclone

with variable internal geometry

Development of ACS of hydrocyclone, control units and selection of process equipment.
Automation scheme based on hydrocyclones geometry control has been developed to control the
operation of the set of hydrocyclones in the overall scheme of technological process of HAR. Fig. 3 shows
the functional diagram of the automation system to control the hydrocyclones.

The automation system is based on CPU188-5 IBM-PC compatible industrial controller of
FASTWEL company. The controller software was developed in C++. The upper level is associated with
the medium level by Modbus protocol. Modbus is a communication protocol, based on client-server
architecture and developed by Modicon for the use in programmable logic controllers (PLC). It became de
facto standard in the industry and is widely used for the connection of industrial electronic equipment. For
data transition, it uses RS-485, RS-422, RS-232 serial lines and others, as well as TCP/IP network.

Devices from different manufacturers, that support the Modbus protocol, are easy to integrate into a
single automation network. The market represented almost the entire range of necessary equipment, from
simple input-output modules to inverters. All universal SCADA/HMI systems support this protocol.

Process parameters are controlled by sensors with standardized output signal. The signal from the
sensors is fed to 5V32-01 "current-voltage" conversion module (manufactured by ANALOG DEVICES).
Next, the signal is inserted in the memory of the controller by AMUX-32 input-output module where the
signal is processed and transmitted to the computer in the developed upper level software, written in C#,
where the process can be visualized.

Figure 3 - Functional diagram of hydrocyclones automation control system

After processing, the signal from the controller is supplied to the output charge, and starts an actuator
that controls the regulator.
Hydrocyclones automation control system loops are:
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1. The unit for the monitoring of pressure of sulfur and slag supply to the cyclone E-1 is shown in

Fig. 4.
S e

Figure 4 - The unit for the monitoring of pressure of sulfur and slag supply to the cyclone E-1

Symbols in the figure have the following meanings:

a) pressure sensor [-3;

b) "current-voltage" conversion module (5B32-01);

¢) analog signals input/output module (AMUX32C) - analog input;

d) controller (CPU188-5);

¢) computer.

2. Circuit of the concentration [-7 and pressure 1-6 control at the outlet of the hydrocyclone E-1 is

shown in Fig. 5.
e -

Figure 5 - Circuit of the concentration I-7 and pressure [-6 control at the outlet of the hydrocyclone E-1

Symbols in the figure have the following meanings:

a) concentration -7 and -6 pressure sensor;

b) "current-voltage" conversion module (PSA-01);

¢) analog signals input/output module (AIMUX-32) - analog input;

d) controller (CPU188-5);

¢) computer.

3. Minimization of concentration I-7 and pressure [-6 of slag and ash at the outlet of hydrocyclone E-
1. Minimization is due to the following control systems.

3.1 Control of the pressurized feeding of slag and ash to the hydrocyclone (controlled by I-3, pressure

changes due to changes in E-5 pump rotation speed).
Pumy

The block diagram is shown in Fig. 6.

Figure 6 - Theblockdiagramof the control of the pressurized feeding of slag and ash to the hydrocyclone

Symbols in Fig. 6 have the following meanings:

a) pressure sensor [-6, concentration sensor I-7 (see paragraph 2) and pressure sensor [-3;
b) "current-voltage" conversion module (PSA-01);

¢) analog signals input/output module (AMUX32C) - analog input;

d) controller (CPU188-5);

¢) analog signals input/output module (AIMUX-32) - analog output;

f) MICROMASTER 420 frequency converter;
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g) "current-voltage" conversion module (PSA-01);

h) E-5 pump rotation speed; the degree of V-1 and V-3 regulators opening and closing (indicators).

3.2 Changes in the hydrocyclone geometry by changing the pressure in a secaled rubber insert
(controlled by I-1 sensor), regulated by water supply (V-1 valve) and drain (V-3 valve).

The block diagram is shown in Fig. 7.

Figure 7 -The block diagram of the modification of the hydrocyclone geometry
by changing the pressure in the sealed rubber insert

Symbols in Fig. 7 have the following meanings:

a) pressure sensor 1-6, concentration sensor I-7 and pressure sensor I-1;

b) "current-voltage" conversion module (PSA-01);

¢) analog signals input/output module (AMUX32C) - analog input;

d) controller (CPU188-5);

¢) discrete signals input/output module (TBI-24 0/C) - discrete output;

f) PCLD-8115 relay outputs module;

g) The opening/closing degree of regulator V-1 and V-3;

h) ESA position.

4. Regulation (minimization) of the concentration I-7 and pressure I-6 at the outlet of the
hydrocyclone E-1 due to changes in D-1 and D-2 valve position is shown in Fig. 8.

A HH M

Figure 8 - Circuit of concentration and pressure control
at the outlet of the hydrocyclone due to changes in valves position

Symbols in Fig. 8 have the following meanings:

a) pressure sensor -6, concentration sensor [-7 and D-1 and D-2 displacement sensors;

b) "current-voltage" conversion module (PSA-01);

¢) analog signals input/output module (AMUX32C) - analog input;

d) controller (CPU188-5);

¢) discrete signals input/output module (TBI-24 0/C) - discrete output;

f) PCLD-8115 relay outputs module;

g) D-1 and D-2 valves positions;

h) ESA position.

The use of GENIE SCADA-system eliminates the need for controller, but there is the need in the
acquisition of 10 modules, which are directly connected to the computer. Software implementation
schemes in GENIE SCADA-system are shown in Fig. 9-13.

— ] ——
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1. Control of pressure of sulfur and slag supply to the cyclone E-1:
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Figure 9 -Circuit of the control of pressure of sulfur and slag supply to the cyclone E-1

2. Concentration I-7 and pressure -6 control at the outlet of the hydrocyclone E-1:
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Figure 10 -Circuit of concentration 1-7 and pressure I-6 control at the outlet of the hydrocyclone E-1

msert

3 Control of slag, ash feed at the input of the hydrocyclone and pressure in the hydrocyclone rubber

3.1 Control of pressurized feed of slag and ash in a hydrocyclone (controlled by I-3, pressure changes

due to changes in E-5 pump rotation speed).
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Figure 11 -Circuit of the control of pressurized feed of slag and ash in a hydrocyclone

3.2 Changing the geometry of the hydrocyclone by changing the pressure in the sealed rubber insert
(controlled by I-1 sensor), regulated by water supply (valve V-1) and drain (valve V-3).
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Figure 12 -Circuit of changing the geometry of the hydrocyclone by changing the pressure in the sealed rubber insert

4. Regulation (minimization) of the concentration I-7 and pressure I-6 at the outlet of the
hydrocyclone E-1 by changing the position of D-1 and D-2 valves.
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Figure 13 -Circuit of regulation (minimization)
of the concentration [-7 and pressure [-6 at the outlet of the hydrocyclone E-1
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Fig. 14 is the mimic diagram of the automated control system of hydrocyclones. Mimic diagram
depicts schematically the controlled process and serves for visualization of the process.

This mimic diagram is made in GENIE SCADA-system in "forms editor" and is a flow diagram of
the hydrocyclones operation process.
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Figure 14 - Flow diagram of the hydrocyclones operation process. Forms editor

Conclusions. In this paper, automation control system for hydrocyclones with variable geometry was
proposed and practically implemented. The parameters of the proposed system operation were
determined.

The upper-level controller control program, determining the operating modes of CPU188-5 controller
of Fastwell company and providing the control of the operation of the automated control system for
hydrocyclones due to the regulation of the cyclone geometry elements, is given.

Control units and process equipment was described. Control loops of the automated system of the
hydrocyclone were described: the circuit of the control of pressure of initial pulp supply into the cyclone,
the circuit of the concentration and pressure control at the hydrocyclone outlet, th the circuit of the control
of pressure of intermediate pulp supply into the cyclone, the circuit of modification of hydrocyclone
geometry by changing the pressure in the sealed rubber insert, as well as the circuit of the concentration
and pressure control at the hydrocyclone outlet due to changes in the valve position.

ACS of the hydrocyclone allows to carry out the pilot studies to assess the performance of the
proposed design of the hydrocyclone with variable internal geometry.

The general block diagram was designed in GENIE SCADA-system. The mimic diagram of ACS of
the hydrocyclones with variable geometry was developed, which allows to visualize the HAR process.

Development of ACS of the HAR process at TPP and boilers will provide undrained operation,
elimination of periodic or continuous purging discharges into water bodies and optimization of the
parameters ash waste transported to ash dumps.
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KAC THIPABIHUKAJIBIK KYJKOFO JKYWECIHAE TEOMETPHUSACHI
BACKAPDBIJTATBIHTTPOIUKJIOHIAP BATAPESACBIH ABTOMATTDI BACKAPY

Annorarmus. Makanaga JKOC rugpaBmuKaiblK KyIal KOO CYpakTapbl KapacThIpbUIFaH. JKaHa TeOMETPHSICHI ©3TepeTiH
TU/IPOLMKIOHHBIH KYPBUIBIMBI YCHIHBUTFaH. OChI KYMBICTa T€OMETPUSICHL 63TePeTiH THAPOIMKIOH AP/l aBTOMATThI GacKapy IbIH
cyn6achl YCHIHBUIBII OTHIP JKOHE aTalraH cyba Toxipubesne Kysere ackaH. Y ChIHBUIFaH JKYHEHIH KyMbIC ITapaMerpliepl aHbIK-
TalFaH. backapy sneMeHTTepl MeH TEXHOIOTUSUIBIK KYPalIap/IblH CUIlaTTaMachl OepireH. I eoMeTprsICH e3repeTiH THIPOITHKIIO-
HapJbl aBToMaTThl GackapypH cyibackl MeH GENIE SCADA-xyiteciHaexammbl 610K cyinGanaphl kacamran.JKacaiaraH aBTo-
MarThl GacKapy *yifeci YCHIHBUTFAH 1K1 TE€OMETPHSCH ©3rePeTiH THAPOIUKIOHIAPABIH KYMBIC icTey KabureTiH Oaramay G6o-
WBIHITIA SKCIIEPUMEHTTIK 3epTTeynepre MyMKiHmiK Gepeai. Kacarran ABK JKOC meH KazaHmakTapIpIH Kyd KOIO TeXHOIO-
THSUIBIK TIPOLIECIHTEPIH/le YaKBIT caliblH HeMece TYPakKThl Ypley CyJIapblH TOFaHJapra arbI3ybl JKOSIBl KOHE KYIIKOMKIIBI
KaJIBIKTap bl KYIT YHMeECiHe TachIMalLlay Ke3iH/Ie apaMeTpriepiH OHTaaH/[bIpa;Ibl.

Tyiiin ce3mep: ruapaBIHKATBIK KYIKoI0, JKOC, ABXK, e3repeTiH reoMeTprst, THAPOIMKIOH, KYIT YHMeCi, MUKPOIIPOIIECCOP.
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ACY BATAPEN THAPOITUKJIOHOB C YIIPABJISIEMOM IT'EOMETPUEM B CHCTEME I'3Y TAC

AHHoOTanusi. B ctaThe paccMOTpeHBI BOIIPOCH THIpo3010-y qaneHue (1'3Y) va TOC. [IpemioxxeHa IPUHIMITMAIEHO HOBAast
KOHCTPYKIIWSL T'HJIPOITUKIIOHOB ¢ M3MEHseMo reomeTpueil. B jaHHOH paboTe IpejioskeHa U IPaKTHYECKH pealr30BaHa cxeMa
aBTOMAaTH3aIMK CUCTEMBI YIIPaBIEHUS THIPOIMKIOHAMU ¢ U3MEHsIeMOoi reomeTpueit. OnpesielieHb! apaMeTpsl paGoThl IIPeIo-
JKEHHOM cucTeMbl. [IpousBe/ieHO oImicaHue SIEMEHTOB YIIPaBIEHUS U TEXHOJOTHYecKoro obopypoBaHus. PazpaGoTaHa oOImast
cxema 0m0koB B SCADA-cucreme GENIE u MHeMocxema aBTOMAaTU3HPOBAHHONH CHUCTEMBI YIIPABICHUS THJIPOIMKIOHAMHU C
u3MeHseMol reoMerpueil. PazpaGotarHas ACY THAPOIMKIIOHA IIO3BOJISIET IIPOBECTH SKCIIEPUMEHTATBHBIE MCCIIEHOBAHUS II0
OLIEHKE PaboTOCTIOCOCHOCTH IIPEJIIOKEHHON KOHCTPYKITUH TH/IPOIIMKIIOHA ¢ U3MEHSIEMOM BHyTpEeHHeH reomeTpueii. PaspaboTtka
ACY texnonmoruueckuM IporieccoM ['3Y TOC U KOTENBHBIX O3BOIUT 00ECIIEUUTh OECCTOUHBIA peXuUM paboOThI, yCTPaHUTH
TIEPUOTUUECKIE WU TTOCTOSIHHBIE COPOCHI IIPO/IyBOYHBIX BOJ[ B BOJIOEMBI M OIITUMH3UPOBATH ITapaMETPhl TPAHCIIOPTUPYEMBIX B
30J100TBAJI 30JIONIUIAKOBBIX OTXO/IOB.

KimroueBble ciioBa: rujpozonoypanerue, 19C, ACY, uszMeHseMas TeOMETPHUS, THJPOIMKIOH, 30J00TBAll, MHUKPO-
IIPOIIECCOp.
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