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As a result of the decomposition application, the conversion unit controlling task is
realized as obtaining and distributing values of temperature tasks depending on the possible
concentration of methane in both the converted and the process gas.

Coordination complies with certain rules for obtaining and redistributing tasks for
temperature of the converted gas semi-finished product at the outlets from the furnace
chambers of the tube furnace, depending on the state of the whole stage of process gas
preparation. Based on the technical and economic characteristics of the conversion process,
a mathematical statement of the controlling the conversion unit task was developed. This
was done taking into account the potential hazard of the conversion unit (this is one of the
most potentially dangerous units on the ammonia synthesis unit) [3].

CONCLUSIONS

The paper analyzes the potentially dangerous technological process from the point of
view of creating a control system in real time, its main features and risk factors highlighted.
The control goal analysis in terms of the overall cost-effectiveness of the workshop allowed
determining the priorities of the goals, as a result of which one of them is replaced by a
priority regulatory restriction. Based on the other two goals — formalize the control criterion.
As a result, a multi-purpose approach with conflicting control goals is reduced to a single-
criterion, and a conversion unit control task is formalized as a hierarchical single-criterion
optimal control task. The results of the decomposition of the overall control task allowed the
transition to a hierarchical, multilevel real-time control system for this object.

REFERENCE
1. JIscgon JI. Ontumuzanus 6onsmmx cucrem. Mocksa: Hayka, 1975. 432 c.
2. Jleeun I'M., TanaeB B.C. [lapamerpuueckas AEKOMIIO3MIIMS SKCTPEMabHBIX 3ajad.
Hzeecmuss AH BCCP. 1979. Ne4. ¢.38-50
3. KoroBenko E.A. JIeKOMIIO3UIIMOHHBIA IOXOJ K PELIEHHUIO 33Ja4d ONTHUMAaJIbHOrO

yIpaBJeHUs HENPEPHIBHBIM MPOU3BOJACTBOM KubepHemuxka u GblYuUCIUMmMenbHas MeXHUKA.
BbIT.60. 1983. ¢.88-93.

AN INTELLIGENT SYSTEM FOR CHOOSING A METHOD OF GAS
PURIFICATION BASED ON FUZZY LOGIC

Beznosyk Yu., Bugaieva L.

IHTEJIEKTYAJIBHA CUCTEMA V11 BUBOPY METOAY OUYUIIIEHHSA I'A3Y
HA BA3I1 HEUITKOI JIOTIKA

Be3nocuk 10. O., bByraesa JI. M.

NHTEJUIEKTYAJIBHASA CUCTEMA JJI51 BBIBOPA METOJA OYUCTKHA
T'A3A HA OCHOBE HEYETKOM JIOTUKH

Be3nocuk 0. A., Byraesa JI. H.

National Technical University of Ukraine
"Kiev Polytechnic Institute"

Kyiv, Ukraine

bugaeva l@ukr.net

382


mailto:bugaeva_l@ukr.net

Komn'TepHe MoaentoBaHHs i NPOrHO3yBaHHA PO3BUTKY CKIMaHUX CUCTEM PI3HOI Mpypoam
1 —

At present, environmental problems related to air pollution cannot be solved without the use of
simulation tools that allow the design of waste gas purification processes based on the fundamental theory of
heat and mass transfer together with verified kinetic data and equilibrium properties. In addition, today
there are many methods for cleaning air from pollutants such as nitrogen and sulfur oxides. The integration
of computer tools on the basis of fundamental laws and intelligent tools for making decisions on choosing the
most effective cleaning methods depending on the composition and parameters of the exhaust gases of
industrial enterprises is an urgent task.

Keywords: intelligent system, modeling, gas purification, nitrogen oxides, fuzzy logic

B nacmoswee epems axonozuueckue npobnemul, C6A3aHHLIC C 3A2PAZHEHUEM B030YXd, He MO2Ym
Ovimb peuiensl 6e3 UCNONIL30BAHUSL UHCTHPYMEHNO8 MOOEIUPOBAHUSL, KOMOpble NO3BOJIAIOM pa3padbamuleamy
npoyeccvl OYUCMKU OMPAbOMABUIUX 243068 HA OCHOBE (YHOAMEHMANbHOU MEeOpuu MenioMacconeperoca
emMecme ¢ NPOBEPEHHLIMU KUHEMUYECKUMU OAHHBIMU U PABHOBECHbIMU colicmeamu. Kpome mozo, cecoous
cyujecmsyem MHOICECMBO Memo008 OHUCTIKU 6030YXA OM 3ASPAHANOUUX BeUjecms, MAaKux KAk OKCUObL
asoma u cepvl. Humezpayus KOMNbIOMEPHBIX UHCPYMEHMOE HA OCHO8E (DYHOAMEHMANbHBIX 3AKOHO8 U
UHMELIEKMYANIbHBIX UHCMPYMEHMO8 OJisl NPUHAMUSA peuleHull 0 8bloope Hauboaee dPPeKmusHbIX Memooos
OYUCMKU 6 3AGUCUMOCIU OM COCMABA U NAPAMEMPOE GbIXIAONHBIX 204308 NPOMBIULIEHHbIX HPEeOnpusmull
ABAAEMCS AKMYATLHOU 3A0ayell.

Knwuesvie cnosa: unmennekmyanvbHas cucmema, MoOeiupoganue, 2a3004UCmKa, OKCUObl A30md,
HeuemKas 102uKa

Ha oOanuii uac exonoeiyni npobnremu, nog'szami i3 3a0pyOHEHHAM NOGIMPs, He MOJICYMb Oymu
supiuleni 06e3 BUKOPUCMAHHA IMIMAYIUHUX THCMPYMEHMIs, wo O00360J510Mb NPOEKMY8amu npoyecu
OUUWEHHS BIONPAYLOBAHUX 2A3i8 HA OCHOBI (PYHOAMEHMANLHOI Mmeopii menionepeoayi ma Macu pazom i3
nepesipeHuMy  KIHeMmu4HUMY OQHUMU Ma pieHosaxdcHUMU eracmusocmsamu. Kpim moeo, cboeooHui ichye
be3niy Memoodie ouuweHHs Nosimps 6i0 3a0pPYOHIOIYUX DPEYOBUH, MAKUX K OKCUOU d30M) md CipKu.
Iumeepayis komn'tomepHux HCMPYMEHMI8 HA OCHOBI (PYHOAMEHMANLHUX 3AKOHI6 Ma [HMENIeKMYalbHUX
iHCmpyMenmis O0Jist RPUUHAMMA PileHb Wo00 8UO0py HaAUOLIbU egheKMUBHUX MemOOi6 OUULYEHHS 3ANEHCHO
8I0 CKAA0Y MA NAPAMEMPIE GUXTIONHUX 2A3i8 NPOMUCTIOBUX NIONPUEMCING € HALATILHUM 3A60AHHIM.

Knwuoei cnosa: inmerexmyanvha cucmema, MoOen08aHHs, OUUUEHHS 2a3Y, OKCUOU a30MmY, HeyimKa
Jo2iKa

We made attempts to create such a system earlier [1-3, 6-8]. It should be noted that
over the past twenty years, many software tools have been developed both for solving
various problems of chemical technology on the one hand, and intelligent methods and tools
on the other [4, 5]. In this paper, it is proposed to combine the traditional approach to
modeling gas purification processes with modern fuzzy inference system.

The developed intelligent system is shown in Fig. 1. The main task that this system
helps to solve is the choice of the most effective method for purifying exhaust gases from
nitrogen and sulphur oxides. The Subsystem implies two sets of rules to select relevant
purification methods for two impurities NOx and SOx. In the paper a computer
implementation of the system is presented together with the relevant illustrative examples.
The system allows to design of the waste gas purification processes and is based on the
fundamental theory of heat and mass transfer together with verified kinetic data and
equilibrium properties. Fuzzy logic approach has been used to implement the intelligent
components. These components were applied mainly for selecting appropriate purification
methods. The knowledge base contains more than 50 rules for choosing cleaning methods.
Among the methods used for the gas purification from NO, there is a variety of those
composed of several process units. In the work, mathematical models for different process
units have been developed. The mathematical model of an industrial unit for gas cleaning
from nitrogen oxides takes into account both different kinetic schemes (from one-two
equations up to the full kinetic scheme including 11 equations) and the type of the reaction
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description (equilibrium or non-equilibrium reactions). Three subsystems consisting of the
program modules for the calculation of the gas purification processes have been developed:

1. Program modules for the absorption-oxidation methods of gas purification from
NO,. The absorption-oxidation methods include absorption of nitrogen oxides by water or
by water solutions of nitric acid. These methods are applied to purify exhaust gases which
have a high degree of oxidability and contain more than 40 % of nitrogen oxides.

2. Program modules for the absorption-reduction methods of gas purification from
NO,. The absorption-reduction methods include purification by solutions of carbamide, by
solutions of sulphite natrium and thiosulphuric ammonium. These methods are applied to
purify gases containing nitrogen oxides in a wide concentration range.

3. Program modules for the simple reactive absorption methods of gas purification
from NO,. These methods include waste gas purification by solutions of natrium carbonate
and natrium hydroxide, by solutions of sulphuric acid and by solutions of organic absorbers.

The choice of a purification method is based on the following factors:

e C(leaning degree;

¢ Initial concentration of nitrogen oxides;

Oxidability degree of nitrogen oxides;
Temperature of the purified gas;

Volume of the purified gas;

Presence of other impurities (e.g. SO,, dust);
Possibility of commodity output.

These factors and the structure of the mathematical description determine a range of
validity of each method and allow correct decision when choosing a purification method.

To develop the mathematical models of a gas purification process from nitrogen
oxides it is necessary to determine a number of physicochemical properties of the
components included in the selected reaction scheme. The more components of a reacting
mixture are taken into account in the model, the larger number of parameters is required to
describe their transport phenomena. Therefore we developed the following databases for the
calculation of the physicochemical parameters:

e the caloric and equilibrium database covering the presence of strong electrolytes

in the fluid phase and supercritical components in the gas phase;

o the database of the kinetics equations for complex reaction systems (gas-phase or

liquid-phase reaction or heterogeneous reaction in both phases);

o the database of the mass transfer coefficients for the modelling of the two-phase

multi-component mass transfer.

Consider the example of choosing a cleaning method using the NOx example based
on the fuzzy logic approach. The user interface provides an interaction with the databases
and knowledge bases when solving the simulation tasks. For uncertain factors, ranges of
possible values were determined, as shown in Table 1.

Table 1. The range factor values for NO,-purification methods

No. Factors Low Medium High
1 Initial concentration of NO,, % 0.15...0.6 0.5...2.5 1.5...10.0
2 | Cleaning degree, % 20...60 50...80 70...100
3 Temperature of the purified gas, C 0...300 200...400 300...500
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production of commodity output.

As it was mentioned above, to accomplish the tasks of waste gas purification from
presence of admixtures;

nitrogen oxides, three groups of methods are used. For each method, certain rules have been

Fig. 1. The structure of the Intelligent System for choosing waste gas purification methods
[ J

developed, and these rules define a choice of one of the groups of methods. In addition,

during the development of the rules, the following factor values were taken into account:
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These factors can take two values: "yes" (1) or "no" (0). The estimation of data on
the purification methods by experts-technologists resulted in the rules for choosing a type of
the purification method. These rules constitute the knowledge base of the system.

The rules are available in the system in two forms: the usual one (“If-Then”), and as
the binary tables (e.g. rules for choosing the absorption-oxidation methods in Table 2).

Table 2. The rules for choosing the absorption-oxidation methods
of gas purification from NO,

Cleaning Initial Presence of Commodity Total Oxidability
. | Temperature . output

degree  |concentration admixtures . pressure degree
available

L MHLIMH|LIMH|yes | no|yes| no | LI MH|L MH

o,j1r,040j17y04y1;j0j0) 0 170 | 1 JjOj1{ojoj1rjo
0,0/j14j0j0j14j0j17j0, 0 171 | 0 |OJj0]1T]0]0]1

The rules-based algorithm of taking decisions can be described as follows:
Step 1. Determine a type of the technological process according to the rules “If-
Then”.
Step 2. Carry out the ranking of the initial data similarly to Table 1, but this time in
the range of values which correspond to the parameters for given group of the methods.
Step 3. Choose the purification method according to the rules in tables, presented in
the binary form.
A type of the method was selected at the first step of the algorithm according to
the certain rule provided by technologists. For the group of the absorption-reduction
purification methods this rule is as follows:

Rule:

IF the required degree of purification is 60-95%
AND initial concentration of NO, is 0.2-0.8%
AND average temperature is not more than 333 K
AND average pressure is not more than 0.11 MPa
AND degree of oxidability is 50-100%

THEN absorption-reduction methods have to be used.

The knowledge base was built in Fuzzy Logic Matlab. Having the type of the
technological process determined according to these rules, at the next step the purification
method is to be chosen. To do that, it is necessary to carry out the ranking of the initial data
for absorption-reduction purification methods, as shown in Table 3.

Table 3. The range values of the factors for absorption-reduction purification

methods from NO,

No. Factors Low Medium High
1 Initial concentration of NO,, % 0.2...03 0.3...0.5 0.5...0.8
2 | Cleaning degree, % 60...65 65...75 75...95
3 | Temperature of the purified gas, K 293...298 298...333 -

4 | Total pressure, MPa 0.1...0.11 - -
5 | Oxidability degree, % 50...60 60...80 80...100
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The next step is fuzzification of input variables in accordance with table 3 using the
program Fuzzy Logic Matlab. For each parameter (Table 3), the corresponding linguistic
variables with three values are set: low, medium and high. In the program, they are set in the
form of fuzzy Gaussian membership functions, which are shown in Fig.2.
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Range [0.15 10] L !
Digplay Range [0.15 10] ‘ Help Close ‘

Fig. 2. The setting membership function for the initial concentration

The output variable in the fuzzy inference system will be the number of the most
commonly used method for cleaning the database. Therefore, the membership function in
the form of a trapezoid was chosen for the output variable (Fig. 3).
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Fig. 3. The setting membership function for a purification method

At the next step it is necessary to select the purification method according to the rules

shown in the binary format in Table 2.
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As an illustrative example, the solution of the problem of choosing a purification
method is presented here. Input data are:

e C(leaning degree - 90%;

¢ Initial concentration of nitrogen oxides 0.2;

e Oxidability degree of nitrogen oxides 50%;

e Temperature of the purified gas 318...323 K;

e Presence of other impurities SO,;

e Possibility of commodity output Yes - (NH4),SO;.

The problem was solved with using proposed system. The most approriate method is
found to be the purification by the solutions of carbamide (NH,),CO.

From absorption-reduction methods of absorption of nitrogen oxides, the method
with the usage of an absorbent based on solution of carbamide is of primary interest. Using
this absorbent, nitrogen oxides are deoxidised to ecologically safe elementary nitrogen.
Ammonium salts are accumulated in the solution, and they are easily utilised as nitrogen-
containing manures. The degree of absorption of nitrogen oxides by the carbamide
absorbent at the single stage of absorption reaches 75...80%. This allows synthesis of
technological scheme of purification of industrial waste gases that ensures maximally
allowable concentration of NO, in gas exhausts.

CONCLUSIONS

The proposed Intelligent System can provide the several different variants of
purification methods taking into account the economic and technical aspects. It can be used
in the context of feasibility studies, basic design of absorption plants, etc. It reduces the
investment risks because of the variant analysis of the plants. The developed models are
valid for a wide range of input and process variables. This allows to achieve a range of
application that meets the requirements to NO, (SOy) removal from industrial exhausts. The
proposed tool can be used to solve important problems of the environmental protection.
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