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Every year, the atmosphere in Kazakhstan is polluted approximately 5-7 million tons of pollutants,
about a third of which belong to the vehicle. Also excess pollution of the air basin of the cities of
the Republic is caused by pollution of pollutants by metallurgy, oil refining and chemical industry
factories, automobile and railway transport. The harmful substances emitted by motor transport
adversely affect the air, water reservoirs, soil and the planet’s biosphere. At Nowadays car engine
consumes about 3 kilogram of atmospheric oxygen when liters of gasoline per 1 kg are burned.
Every car delivers 60 m? of gas per hour, and the truck produces 120 m? of gas. These substances
are very dangerous for living organisms and finding solution for the problem of cleaning exhausted
gases is very actual.

The purpose of this article is mathematical and numerical modeling on transfer processes in motor-
car neutralizer with usage modern programming language and modern computing technologies.
The solution of such a problem brings a certain contribution to the protection of the environment
from automobile exhaust gases. The task of cleaning at exhaust gases is investigated, that is to
say catalytic oxidation of exhausted gases automobile neutralizer . The mathematical model there
is a system of differential equations warm and mass transfer including heat generation from the
chemical reaction. The equation system is solved through numerical methods and to create and
develop an algorithm of computing the task of cleaning exhaust gases in automobile neutralizer.
Key words: neutralizer, catalytic neutralizer, iterative numerical method.
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Okimbait I11., on-Papabu arbingarsl Kasak yJITTHIK YHUBEPCUTETI,
Asmvarsr K., Kazakcran Pecriybisimkacer, +77013656467, E-mail: akimbay.sh@gmail.com

Kazakcramga »Kbl1 caifblH aTMocdepanbl 5-7 MJIH. TOHHA TOHIpEriHIe 3USHIBI 3aTTap JACTalIbl,
OHBIH, yIIITeH 6ip Oesiri kesmikke Tueciti. Pecrnybimka kasmamapsl oye OacceiiHiHIH THIM JIACTAHYbBI
- JIACTAYIIBLIADIBIH METAJUIyPIrus, MYHAll ©HJEy KOHE XUMHsS OHEPKOCiOl KOCITOPBIHIAPBIHBIH,
aBTOMOOWJIb JKOHE TEMIPXKOJ KOJIriHIH 3WIHIbI 3aTTapibl MIBIFAPYBIHAH TYBIHAAN OTBIP.
ABTOMOOWMIIB KOJIIri OOJIIIT MIBIFApAThIH 3UTHIIBI 3aTTap ayara, Cy KoiMaJjapblHa, TOIBIPAKKA TYCIII
ILTaHEeTaMBI3IBIH OmocdepachbiHa Kepi acep eremi. Kaszipri Kesme aBTOMOOWIbL KO3FAJTKBIIIBIHIA
1 kwmmorpam O€H3WH JKaHFAH[A 3 KWJIOrpaM arTMocdepasblK, OTTEerl MbIFBIHIAIAAB.  OpOip
aBTOMOOWIIB ayara caraT cafibia 60 M° Ta3, ax xKyK Mammunacsk 120 M3 raz Gesin mbrrapaasl. By
3aTTap Tipi OpraHm3Mep VIIMiH oTe KAyilTi »KoHe TayChLIFaH ra3Jap/bl Ta3apTy IPOo0IeMAaChIH
IIIENTY OT€e O3€KTi.

Ocbl MakaJjIaHBIH MaKCAThI - 3aMaHayWd [IPOrpaMMaJiay Tii MEH 3aMaHayW eCelTey TeXHUKACHIH
KOJIZIAHA OTBIPBII, ABTOKOJIK KYPaJJIapblH OelTapanTaHIbpyIarbl KeOIIipy [IpoIecTepireri
MaTeMATHKAJIBIK KoHe CAHJIBIK, Mofeiey. OchlHmali MoceseHi erny KOpIaral OPTAHbl ABTOKOJIIK
ra3apblHaH Koprayra 6erisi 6ip yiec kocy 60sbim TabbLtaanl. [laiiamanbuiran ra3gap/ia Ta3anay
JKYMBICHI 3€PTTEJI/Ii, AFHU AaBTOKOJIK OefiTapalTaH/IbIPFbINBIHBIH, MaiilaIaHbLIFaH Ta3 apbIHBIH,
KaTaJu3/iK TOTBIFYbl. MareMaTuKaJbIK MOJe/ble nudepeHITuaIbIK TeHJIeyIep Kyheci KbLLy
MEH Macca ajiMacy Oap, OHBIH IIMiHJEe XUMUSJIBIK PEAKIUsIaH KbLIy Tapajaibl. LeHjeyiep
Kyleci CAaHIBIK, 9/1iCTeD apKBLIbI IIEIIiIe ] XKOHE aBTOKOIIK OeiiTapaTaHIbIPFBIIBIHIA TaYChLIFAH
ra3jap/bl Ta3apTy MIiHJIETIH eCenTeyaiH aJropuTMi KYPBLIBII JaMbITHLIA/IbI.

Tyitin ce3nep: HeUTpaIN3aTOP, KATAJTU3IIK HEHTpaIN3aTOp, UTEPAIs 9/IiCi, Kyasaay dici.
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MaremaTndeckoe U YHCJI€HHOE MOAe/IMPOBaHME MPOIECCOB IMEPEHOCA PN OYUCTKE
BBIXJIOMMHBIX Ta30B B aBTOMOOMJILHOM HeliTpajn3aTope
Banakaesa I'.'T., Kazaxckuit HanmoHaIbHBIN yHUBEpCUTET UMenn aab-Papadu,
r. Anmarer, Pectiybsinka Kazaxcran, +77013201802, E-mail: balakayeva@mail.ru,
Axumbaii I11., Kazaxckuii HallmoHAJIbHBIN yHUBEPCUTET UMeHHU aJib-Dapabdu,
r. Asmarer, Peciybsnka Kazaxcran, +77013656467, E-mail: akimbay.sh@gmail.com

Exeromno B Kazaxcrane Boiuessiercss B arMocdepy OKOJIO 5-7 MUJUIMOHOB TOHH 3arPS3HSIIONINX
BEIIECTB, OKOJIO TPETU U3 KOTOPBIX OTHOCHATCS K TPAHCIOPTHOMY CpeicTBy. Kpome Ttoro,
U30BITOYHOE 3arpsi3HEHUE BO3YIITHOIO OacceiiHa ropojOB PeCIyOJIMKY BbI3BAHO 3arDsI3HSAIOIIAMU
BEIECTBAMU METAJLIyPIrUYecKuMu, HedTernepepabaThIBAIOIMMI U XUMAYECKUMU 3aBOJAMH,
ABTOMOOMJIBHBIM U JKEJIE3HOIOPOXKHBIM TPAHCIIOPTOM. Bpemmbie BemecTBa, BbIIEIsIEMBIE
ABTOTPAHCIIOPTOM, OTPUIATEJIBHO BJUSIOT HA BO3/yX, BOJOXPAHWJIHINA, I0YBy u OGuocdepy
IJIaHeThl. B HacTosiee BpeMsi aBTOMOOWJIBHBIN JBUTATEh HOTPEDJISIeT OKOJIO 3 KUJIOIPAMMOB
aTMOC(EPHOr0 KHCJIOPOJa IPU CXKUTAHUU JIUTPOB OeH3mHa Ha 1 Kr.  KaxKjwlii aBTOMOOHIIBL
nocrapasger 60 M3 raza B 4ac, a rpy3oBuk mpoussomutr 120 M3 raza. DTu BemecTBa OUEHb ONACHEI
JIJIsT YKUBBIX OPTaHU3MOB M PEIIeHHs TTPODJIeM.

Henpio maHHOM CTATHU SABJISETCS MATEMATHYECKOE M YHCJIEHHOE MOJICJIMPOBAHUE ITPOIECCOB
[epeHoca B HEHTpaJIM3aTope aBTOMOOMJIEHl C COBPEMEHHBIM SI3BIKOM ITPOIPAMMUPOBAHHS U
COBPEMEHHBIMY BBIYUC/IUTEIbHBIMA TEXHOJIOIUsIMU. PellieHne Takoii 1mpobjieMbl BHOCUT OCOOBIN
BKJIaJI B aBTOMOOUJIbHBIE BBIXJIOIHBIE Ta3bl. 3a/1a9a OYMCTKU BBIXJIOIHBIX I'a30B COCTOUT B TOM,
9TOOBI MCCJIEIOBATH, TO €CTh KATAJUTHIECKOE OKWCJIEHNE BBIXJIOIHBIX Ta30B B aBTOMOOHJIBHOM
Helirpasmu3arope. MaremaTudyeckass MOIe/Ib IPeACTaBIsgeT coboit cucremy auddepeHnnaabHbIX
YPaBHEHHUII. Cucrema ypaBHEHHIl peIraercss ¢ MOMOINBIO BBIYUCIUTEIHLHON MAINMUHBI B
aBTOMOOMJILHOM HEWTPaJIU3aTOpE.

KiroueBbie ciioBa: HefTpam3aTop, KATAJIUTUIECKUIl HEHTpAJIM3aTOp, UTEPAIMOHHBIN METOI,
MEeTOJ[ IIPOTOHKU.

1 Introduction

Automobiles are the main sources which pollutes the atmosphere. Automobile car is in the
first location by transportation volume among the all developed countries. However, due to
the increased speed and volume of automation, there are number of important issues related
to the environment and society’s vulnerability to this process. Every year, the atmosphere
in Kazakhstan is polluted about 5-7 million tons of pollutants, about a third of which belong
to the vehicle. Also excess pollution of the air basin of the cities of the Republic is caused by
pollution of pollutants by metallurgy, oil refining and chemical industry factories, automobile
and railway transport. The harmful substances emitted by motor transport adversely affect
the air, water reservoirs, soil and the planet’s biosphere. At the present car engine consumes
about 3 kilogram of atmospheric oxygen when liters of gasoline per 1 kg is burned. These
substances are very dangerous for living organisms. Most of them are gases, oil products and
dust that emit toxic and non-toxic components containing organic and inorganic substances,
chlorides, wastes in the use and production of cars. In this way, due to the increase in
traffic, in the environment harmful components are constantly accumulating and increasing
its impact. Combustion products of automobile oil are collected on the Earth’s surface and
spread to the whole territory of the community and enter the body of people’s respiratory
tract. It is a very difficult task to ensure that the toxicity of spent gases is low. To address it,
it is necessary to mobilize joint efforts of industrial operation and traffic regulation services.

The initial state of pollution reduction is the technical condition of the engine. The heavily
engineered engine consumes less fuel and also reduces the air pollution level. However, focus
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should be on proper functioning of the fuel equipment and the connecting system.

2 Review of literature

Currently, research and experimental works on the improvement of engines are carried out in
the following areas: improvement of the combustion system, change of the fuel cycle in the
engine cylinder, installation of additional equipment, reduction of harmful particles in the
extracted gases. In this regard, the use of electronic ignition, which is characterized by high
stability and high degree of ignition burner, makes significant changes (Yershin, 1997: 5-9).

The most effective way to reduce atmospheric emissions is the creation of closed, non-
waste technological cycles, including the circulation of gases. Iodine wasteless, technology;
is understood; ideal model, which in most cases can not be fully realized, but with the
development of technical progress, it is possible to approach it more and more. Now, a waste-
free technological cycle represents a combination of organizational and technical measures,
technological processes, equipment, materials that ensure maximum and comprehensive use
of raw materials and allow minimizing the negative impact of: waste on the environment.
Currently, such events are often associated with enormous technological complexity and high
costs, therefore, one of the main directions is the development and implementation of gas
purification systems. At the same time, the main task of gas purification is to bring the
content of toxic impurities to the maximum permissible concentrations established by sanitary
standards, by separating it from gas or turning into a harmless condition of the pollutant.

Methods for reducing the intoxication can be divided into 4 major groups: special regu-
lation and modification of their systems of design, work process, production technology and
internal combustion engines; use of another type of fuels or change of physical and chemi-
cal properties of fuels and lubricants; purification of exhaust gases from toxic components;
replacement of engines with less toxicity.

Bearing in mind the good qualities of all of the above structural changes, it is important
to recognize that they do not effective solve the problem. Therefore, it is very important to
use different types of neutralizers to clean the toxicity of the exhaust gases.

Neutralizer is a small reactor for combustion of flammable products to reduce the emis-
sions of extracted gases and to separate nitrogen oxides, nitrogen and oxygen. It is possible
to note the thermal, catalytic, liquid, mechanical and compound types of neutralizer. The
process of turning into carbon dioxide in the thermoelectric is accompanied by the combus-
tion of unsaturated hydrocarbons and aldehydes in the cylinder. Oxidation reaches 500-6000
° C and double hydrocarbon, while carbon dioxide decreases 2-3 times (Yershin, 1997: 10-11).

3 Materials and methods

3.1 Mathematical model

There will be considered the system of non-stationary temperature and concentration equa-
tions in partial derivatives, that describes the processes of warm and mass transfer in of
motor-car neutralizer:
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oT | U T
8t+58x—a8a:2+Q (1)
8+ U9 — a%% — pBaC

T - temperature, C' - concentration, a - thermal conductivity coefficient, p - density, ¢ -
characteristic of a porous enviroment.

Q) = qpBaC

Initial conditions:

Tl =0, Cli=o =1
Boundary conditions:

Tlog=1, Cloco =1

oT oC
%Th:L — 07 %Th:L =0

3.2 The numerical method of task solution

To solve numerically the equation system by iterative method there is used the explicit scheme
(Samarskiy, 1989: 38-47):

C;;n-'_l B C’Ln U Z+1 inf]. — D ’ZL+1 B 207’,'1 + Cinfl _ pﬁaon
At € 2Ax Az? ‘
n =200+ CF u - CP
Cn+1 C«n At +1 ) i—1 . Cm . H—l i—1
* ( Az? ppac; 2Ax
1=1,L—1
C?" =1 - initial condition for concentration.
Ci*t =1 - the first boundary condition for concentration
cr —On
L L1 _
Az
C} = C}_, - the second boundary condition for concentration
T UTh, - T T4, =210 + 1
i i ~ T i—1 7 7 i— ok
At * e 2Ax ¢ Az? apfaC;
T, =21+ 1", urr,—1Tr
T-n+1 —Tn At i+1 ] i—1 Cm _ z+1 i—1
! P At < Ax? apfa e 2Ax
1=1,L—-1
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T =1 - initial condition for temperature.
Tyt =1 - the first boundary condition for temperature.

n n
Ip =17, 0
Az
7 =T]" | - the second boundary condition for temperature.
4 Results and discussion
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Figure 2 — Temperature profile (explicit scheme, the iterative method)
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Figure 3 — Concentration profile (implicit scheme, the raising method)
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Figure 4 — Temperature profile (implicit scheme, the raising method)

Based on the difference schemes and methods described above, numerical calculation
algorithms have been developed:

- according to the explicit scheme
- according to the implicit scheme

Numerical calculation programs are developed in the modern C ++ programming lan-
guage.

The results of the numerical calculations shown in the figures indicate a good qualita-
tive and quantitative correspondence. Thus, the constructed mathematical and numerical
simulation showed the correct results.
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5 Conclusion

To make the usual human living environment, not to let the negative anthropogenic influence,
it is necessary to ensure of normal ecological status in the country And then there is possible
to make decision based on regulation of environment’s quality.

In this article is to study the mathematical and numerical modeling of car exhausting gas
cleaning processes, to create and develop an algorithm of computations, to make program
code in the C ++ programming language (Lee, 1999: 168-199).

The result of the work is the program code written in the programming language C ++,
most explicitly describing the process of gas purification. All modules are debugged, compiled
and implemented in a single environment.

The given numerical solution of equation system was implemented on C++ programming
language and the result was taken in TECPLOT graphical editor.
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