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Introduction. The problem of reducing vehicular engine harmful emissions under operating conditions
can be solved when using the combined heating system (CHS) of the vehicle described in [1] and systems
approach. Depending on operating conditions it provides for the combined thermal development of vehicle
components. They are: a coolant, motor oil, the catalytic converter (CC) of the exhaust gases cleaning system
of the vehicular engine and the vehicle interior.

To solve this problem, the research was conducted at the departments of Kharkiv National
Automobile and Highway University (KhNAHU), National Transport University (NTU) and Rzeszow
University of Technology (RUT). The researchers developed and investigated thermal development system
components of the vehicular engine with phase-transitional thermal accumulators (TA) [2]. The scientists
also improved basic elements of mathematical models to evaluate fuel economy and environmental
performance of engines and vehicles under operating conditions [3]. Computer integrated technology and
remote monitoring systems of vehicle technical condition parameters [4] during operation in terms of ITS
(Intelligent transport system) capabilities [5] were developed and adapted for use.

The results of experimental studies [6, 7] show that using the heating system can reduce the total
engine heating period by 17.8% - 68.4%. Fuel consumption for heating is also reduced by 19.5% - 56.25%. It
depends on the ambient temperature and heating mode of the engine (idling, heating in motion, etc.). The
investigation of the vehicular engine heating system when the vehicle is in motion in the driving cycle [1]
has shown that using the heating system enables to reduce total fuel consumption by 2.1% - 7.1%. Emissions
of separate harmful substances are also reduced by 5.6% - 45.5% with a slight increase of nitrogen oxide
emissions. However, to investigate its efficiency, it is necessary to use the combined heating system of the
vehicle with phase-transitional thermal accumulator integrated with the CC of the exhaust gases cleaning
system.

Determining of the article task. The target of the article is research of use the thermal accumulator for
reducing harmful emissions of the vehicular engine by rapid after-start heating of the catalytic converter.
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The simulation of thermal development processes for the “vehicular engine-thermal accumulator-
catalytic converter” system. A systems approach has been applied to simulate fuel consumption and harmful
emission performance of the vehicular engine using the vehicle thermal development system under certain
operating conditions. It allowed the researchers to present the operating processes of the vehicular engine,
the catalytic converter and their thermal development system as a functional structure of the “vehicular
engine-thermal accumulator-catalytic converter” system. It is shown in Fig. 1.
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Figure. 1 — Functional structure of the “vehicular engine-thermal accumulator-catalytic converter” system

The introduced functional structure is based on the “engine-catalytic converter” system [1, 3] which
integrates the processes of accumulating thermal energy E; by heat accumulating material (HAM) and
transferring thermal energy E+ to the coolant, motor oil and the catalytic converter (levels E and G).

The operation of the system is as follows. During the operating processes of the engine (level A) and
CC in the exhaust gases system (level C) the unused thermal energy of cooling E4{Qgggyi and lubricating
ET{Qup) systems, exhaust gases Ep{Qge) and exhaust gases system elements Ep§Qgs) is accumulated in
HAM as a thermal energy of phase-transitional thermal accumulator E{Q: 5.

The process of accumulating thermal energy in TA is controlled by feedback (level F) to provide the
optimal charge of TA @y gpe based on HAM temperature parameter #yyz-

During the process of the level G the accumulated thermal energy of TA is transferred to the coolant
Erilcom.), motor oil Epifugo) and the catalytic converter Ep§Qggr) to provide their optimal thermal
condition (Qcooy ope: o o pe-PoaT oge) due to controlling temperature parameters of the coolant tgggy,

motor oil #yg and the catalytic converter tgy1 (level H).

After reaching the optimal charge level of TA and the optimal thermal condition of cooling,
lubricating and EG cleaning systems, the excess thermal energy Eiflcgon)s Exi@ol, Exifzs), ExiQzg)
and Eq{Qry) is released into the environment characterized by pressure pg and temperature Tj,.

The simulation of main operating processes of the engine and the CC is performed using the
methodology and algorithms detailed in [1, 3]. Fig. 2 shows the algorithm to study vehicle fuel economy and
environmental performance using thermal accumulator for rapid after-start heating of the coolant and the
catalytic converter.
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Figure. 2 — The algorithm to study vehicle fuel economy and environmental performance using
thermal accumulator for rapid after-start heating of the coolant and the catalytic converter

Blocks 1 and 2 determine vehicle parameters. The parameters include: vehicle weight, fuel type,
number, bore size and capacity of engine cylinders, engine compression ratio, gearbox ratios, final drive
ratio, wheel tyre rolling radius and other parameters of KIA CEE*D 2.0 SMT2 with the G4GC engine.

Block 3 determines the parameters of the road and the environment: rolling resistance coefficient 1,
atmospheric pressure py, Pa, the ambient temperature Ty, K.

The necessary initial data are prepared for the mathematical model in blocks 4 - 8 of the algorithm.
Thus, block 4 determines operating mode parameters of the vehicular engine at the current time: t; is the
current value of time since starting the engine, s, n,, is the current value of crankshaft rotation speed, min™,
., is the current value of the effective engine torque, N-m.

Block 5 determines the initial values of the coolant temperature Teggyy = Ty, K and the catalytic
converter temperature Tegry = Ty, K.

Block 6 determines the ignition timing angle 8., degrees of crankshaft rotation, as a function

g = fi{ngyM.,). Block 7 determines the current values of crankshaft rotation speed uﬁlmﬂ in an idling

mode and excess air coefficient A, as a function of Tegoy: n:lm" = fiTcoonslr & = B Toooxs ) Block 8
determines the temperature in the inlet manifold of the engine #jqpeey = g Tp 112y, May), °C.

All prepared initial data enter block 9 where the engine performance is simulated for one operating
cycle.

Block 10 determines EG temperature in the exhaust manifold before the CC Tgg, = fiin.,. M. ,.Ts ),
K. Block 11 determines exhaust gas flow per hour, Gggy, kg/h, according to fuel consumption per hour
Gryzpss kg/h, and air consumption per hour (ry,g 4, kg/h, of the vehicular engine.

Block 12 determines the thermal energy lost because of the heat flowing through the walls of the
cylinder and the combustion chamber to the coolant gygy, W, during the time of an operating cycle lzﬂfnei, S.

Block 13 determines the HAM temperature Typang, K, of the thermal accumulator for the coolant.
Block 14 determines the additional thermal energy according to the heat flow through TA heat exchange part
to the coolant gpg 4, W, during the time of an operating cycle. Block 15 determines the coolant temperature
Teoorisr = fTcoors Qurer Grash K. _

Block 16 determines the temperature of exhaust gas leaving the CC Tgq, K. Block 17 determines the
EG thermal energy, that is transferred to the CC during the time of an operating cycle.

Block 18 determines the concentration of CQ (%), C,H, (ppm), MO, (ppm) before the catalytic
converter: Eml.lemﬂnl.l Hﬂrl} = ETI.I,:“ HFI .IR'I}

Block 19 determines the HAM temperature Tgpang, K, of the thermal accumulator for the catalytic
converter. Block 20 determines the additional thermal energy according to the heat flow through TA heat

exchange part to the CC qf&1 {Trzarass TeaTs: aare Dear leatr Swrcar: Awecat Acar Sweczvy Yoz,
W, during the time of an operating cycle. Block 21 determines the temperature of the catalytic converter unit

Tearsss = KTearpipc 1954t ) K.
Block 22 determines the efficiency of cleaning ©€Q, C,H, HNQ. %, namely:

{Eco »EounBxoxi )} = fAu Togrsay ). Block 23 determines the concentration of €Q (%), CyHy (ppm), WO,
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(ppm) after the catalytic converter, namely:
(0T, Gy Hyg 4T HOL AT m (€0, Gy N0 )+ (1 — (BypBempBaoxs) £ 100). In addition, block
24 determines the mass emission of  CQ, CoHy, NO., (kg/h), namely:
) . ¢ enew AT AT CAT
CGeu 1S emun 1S aug ) = B2 Cpppnw Gappt (O, CpHg ™  HO™ ).

Block 25 changes the serial number of the calculation cycle to the next one, { =1+ 1. Block 26
changes the current time since starting the vehicular engine: Ty = Ty—y + 12Wf1154—y, S.

Simuation is continued in block 4 after determining the new current parameters of the engine
operating mode.

During the process of accumulating thermal energy from the cooling, lubricating, EG cleaning
systems and exhaust gases system elements, total HAM thermal energy of phase-transitional thermal
accumulator (Qra, J) is described by equation:

Qs = Qeoor+ Quo + Q&c. + Qgz =
FEL

Tz
. : _ (1
— Nlpamy - f C‘WL iT}dT -+ Nlppany o ITHaM -+ - f e]l]q ‘:T}lﬂT, )
Ta Tru

where 1,44 1S the weight of HAM that undergoes a phase transition of melting-solidification, kg;
Cs01fT), CuigkT) is specific mass heat capacity of HAM depending on its temperature, in solid and liquid
phases respectively, J/(kg'K); tmans 18 specific thermal energy of melting-solidification phase transition,
J/kg; Ty, T, Ty are HAM temperatures: initial, final and phase transition respectively, K.

The current value of the coolant temperature is determined depending on the ambient temperature. It
is based on the values of the heat flow from the walls of the cylinder, the combustion chamber and TA heat
exchange part, K:

fT)+ {
Qe (T} + q7a .T}}dr

=HP {
Teooy (1} = Ty + f , @)
o

Micoowr" Ccoow

where ~ is the current value of simulation time, s; Typ is total heating period of the engine, s; gug (T}
is the heat flow through the walls of the cylinder and the combustion chamber to the coolant, W; gpg 7} is
the heat flow through TA heat exchange part to the coolant, W; migggy is the coolant weight in the system,
kg; Ceapop is coolant heat capacity, J/(kg-K).

The current value of the catalytic converter temperature is determined depending on the ambient
temperature. It is based on the values of temperature, mass flow of EG and the heat flow from TA heat
exchange part, K:

=

Tgmi:'r: = T|} -+ f
[

G ) = Cp (Tge ) - (Tmi,r; - ch_mj +qSET ()
Mgyt " CoariToar)

dT, 3)

where Ggg€r) is mass flow of exhaust gas, kg/s; CgqiTgg) is exhaust gas heat capacity, J/(kg'K);
TggfT) is the temperature of exhaust gas leaving the engine, K; T%G{frj is the temperature of exhaust gas
leaving the CC, K; q54T{x} is heat flow through TA heat exchange part to the catalytic converter, W; Mgar
is the weight of the catalytic converter active unit, kg; CeapfTeap) is heat capacity of the catalytic converter
material, J/(kg-K).

The heat flow through the walls of the cylinder and the combustion chamber to the coolant gggtT,
EG mass flow and temperature are determined during the simulation of engine operating process. The
mathematical model of the “engine-catalytic converter” system described in [1] is used for this. The heat
flow through TA heat exchange part to the coolant gpa fT) and the catalytic converter q,%f fx} is determined
by the dependency (1). It is also determined by the structural parameters of the cooling system and the
catalytic converter. For example, the heat flow through TA heat exchange part to the catalytic converter
(q%i 1), W) is described by the equation:

caT(y) = { Traan {1) — Tear(0)) - - Dear - lear

+ +
Cpam  Avecar B0 - Aot Fwoms  Yor
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where Tgguft) is the current value of HAM temperature, K; m is a number approximately equal to
3.141; Dipeq is the diameter of the catalytic converter unit, m; !~ is the length of the catalytic converter
unit, m; giya iS heat output coefficient of HAM, W/(m?-K); & car is the wall thickness of the CC shell, m;
Xvwcar 18 thermal conductivity coefficient of the wall of the CC shell, W/(m'K); Agar is thermal
conductivity coefficient of the catalytic converter material, W/(m-K); &y cgyy 1S the wall thickness of the CC
separate cell, mm; y¥cgyy is the density of the CC cell arrangement, 1/cm?,

The temperature of exhaust gas leaving the CC and the current value of HAM temperature are
determined by the experimental data.

The mathematical dependencies describing the temperature condition of the engine and the catalytic
converter are used to determine the efficiency of cleaning the harmful substances in CC [1]. It is the basis to
study the efficiency of using the combined thermal development system of the vehicle with phase-
transitional thermal accumulator integrated with the CC of the exhaust gases cleaning system.

The research results. The experimental research was carried out to study the efficiency of using the
engine and the CC heating system in different heating modes of KIA CEE’D 2.0 SMT2 under operating
conditions. These research results are presented in [1, 7].

Table 1 contains the technical parameters of the catalytic converter installed in KIA CEE’D 2.0 SMT2.

When choosing HAM for exhaust gases cleaning system 2 materials were chosen, investigated and
used. They had the parameters for petrol and diesel engines. In three-component catalytic converter Light-off
point is at 250 °C. Meanwhile, in oxidation catalytic converters for diesel engines it is achieved at 160 °C
because of high concentration of oxygen in exhaust gases [8]. These heat accumulating materials (Table 2)
are hydroquinone and caustic soda [8 — 10].

Table 1 — Technical parameters of the catalytic Table 2 — The main properties of heat accumulating
converter in KIA CEE’D 2.0 5SMT2 materials for exhaust gases cleaning system of the
vehicular engine
Title Specification
Heat accumulating
three-component .
. . materials
Exhaust gases cleaning system catalytic Parameters :
. Caustic
converter Hydroquinone d
The diameter of the catalytic 0.180 A F - soca
converter unit, m ) ¢ rangeto oPg?tmg to + 230 to +530
The length of the catalytic 02 empe.ra Ures,
converter unit, m . Chemical formula CsH4(OH), NaOH
The wall thickness of the CC 0.002 Molar mass, g/mole 110 39.997
shell, m ' Density, g/m’ 1.3 1.59
The material of the CC shell stainless steel Melting
gﬁtalyti;:1 c;)lpvlf;ter m?te;ialcc stainless steel foil temperature, °C 172 323
e wall thickness of the Boiling temperature
separate cell, mm 0.1 °oC g P ’ 287 1403
The density of the CC cell
) 60
arrangement , 1/cm

The research methodology involves evaluating fuel economy and environmental performance in
typical operating modes of the vehicle. They are: an idling mode and when the vehicle is in motion. For
further research, therefore, the driving cycle according to the UNECE Regulation Ne 83-05 [11] was chosen
as a set of typical modes of the vehicle motion. The adequacy assessment of modeling temperature condition
of the “vehicular engine-thermal accumulator-catalytic converter” system elements is confirmed by the
experimental research [12].

The efficiency of using the heating system in different heating modes of the vehicular engine and the
catalytic converter was investigated at the ambient temperatures (-20 °C, 0 °C and 20 °C). It was done with
the use of the developed simulation methodology. Fig. 3, 4 and 5 show the results of investigation the
efficiency of using the heating system at the ambient temperature 0 °C. Fig. 3 shows the obtained
dependencies of the coolant and the CC temperatures.
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Figure 3 — The dependencies of the coolant and the CC temperatures for different heating modes of the vehicular
engine and the catalytic converter (for the ambient temperature 0 °C)

The presented dependencies show that heating mode has a substantial influence on the time of
achieving the coolant complete heating, the temperature and the time of achieving the catalytic converter
Light-off point at which the efficiency of cleaning harmful substances is more than 50%. Using the vehicular
engine heating system enables to decrease the time of complete heating in an idling mode for the ambient
temperature 0 °C by 61.1 %. In the mode of heating in motion it is decreased by 54.5 % (Fig. 6). Using the
obtained dependencies of the CC temperature in different heating modes the efficiency of cleaning harmful

substances is determined (Fig. 4, 5).
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Figure 6 — The results of investigating the efficiency of using the heating system of the vehicular engine and
the catalytic converter in different heating modes and at different ambient temperatures (-20 °C, 0 °C and
20 °C): a — heating in an idling mode; b — heating in motion
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The obtained dependencies confirm that in an idling mode without the CC heating system the Light-
off point is not achieved. Using the heating system in an idling mode the Light-off point is achieved in 171
seconds. For heating mode in motion the use of the heating system decreases the time of achieving the Light-
off point from 146.02 to 78.12 seconds or by 46.5 %. Also, when using the heating system for different
heating modes, the Light-off point is achieved at different CC temperatures. Without additional heating in
motion it is achieved at 638.56 K. With additional heating in an idling mode it is achieved at 526.12 K.
When heating in motion it is achieved at 532.55 K. Thus, using the catalytic converter heating system
decreases the temperature of achieving the Light-off point by 16.7 %. This effect of changing the
temperature of achieving the Light-off point is explained by the fact that the efficiency of cleaning harmful
substances depends not only on the CC temperature, but on air-fuel mixture composition. It, in its turn,
depends on the coolant temperature. Thus, the coolant temperature for heating mode in motion without using
the heating system is less at Light-off point than for heating mode with the heating system (Fig. 3). This is
confirmed by the values of the efficiency of nitrogen oxides cleaning at Light-off point in both heating
modes. Without the heating system the efficiency of nitrogen oxides cleaning at Light-off point is higher
because the air-fuel mixture is richer.

Using the obtained parameters of the vehicular engine and the catalytic converter in different modes
of additional heating the data on fuel consumption and harmful emission were received. The received values
of fuel consumption and harmful emission are given for the appropriate time period of complete heating in
an idling mode and when the vehicle is in motion, with the heating system being not used. They enable to
determine the efficiency of additional heating of the engine and the catalytic converter (Fig. 6). Thus for the
ambient temperature 0 °C, using the additional heating in an idling mode reduces fuel consumption by 32.7
%, carbon monoxide emission by 59.6%, hydrocarbons emission by 56.1%, nitrogen oxides emission by
93.5%. In the mode of heating in motion fuel consumption is reduced by 12.4%, carbon monoxide emission
by 56.3%, hydrocarbons emission by 37.8% and nitrogen oxides emission by 22.1%. So, using the additional
heating of the catalytic converter during heating in motion enables to reduce the total nitrogen oxides
emission increasing with the use of additional heating only of the engine [1].

The investigation of the heating modes of the engine and the catalytic converter at different ambient
temperatures confirmed the growing efficiency of additional heating at lower temperatures (Fig. 6). Further
research will be focused on the dependencies between the vehicle coolant heating from thermal accumulator
and the catalytic converter heating when using the combined heating system [7] and thermal accumulator
under operating conditions.

Conclusions. The rapid after-start heating of the vehicular engine catalytic converter by reducing the
time of achieving Light-off point enables to substantially reduce harmful emissions under operating
conditions.

The system to improve the processes of the catalytic converter thermal development using phase-
transitional thermal accumulators was suggested. The simulation of thermal development processes was
carried out with the use of a mathematical model of "vehicular engine - thermal accumulator - catalytic
converter" system. It describes the accumulation processes of thermal energy from different sources in
thermal accumulators during the engine operation. Within the system the accumulated energy is transferred
to the coolant, motor oil and the catalytic converter to provide their optimal temperature condition. It also
enables to determine the efficiency of cleaning harmful substances taking into account the peculiarities of
catalytic converter heating processes.

The research results confirmed the substantial influence of heating modes on the time of achieving the
coolant complete heating, temperature and the time of achieving catalytic converter Light-off point at which
the efficiency of cleaning harmful substances was more than 50%. In particular for the ambient temperature
0 °C, with the additional after-start heating the time of complete heating in an idling mode decreases by
61.1% and in the mode of heating in motion it decreases by 54.5%. It was established that in an idling mode
without additional catalytic converter heating the Light-off point was not achieved. In the mode of heating in
motion using the heating system reduces the time of achieving the Light-off point by 46.5 %.

With the given parameters of the vehicular engine and the catalytic converter in different modes of
the additional heating the data on fuel consumption and harmful emissions were received. They enable to
determine the efficiency of additional heating of the engine and the catalytic converter. For the ambient
temperature 0 °C using the additional heating in an idling mode reduces fuel consumption by 32.7 %, carbon
monoxide emission by 59.6%, hydrocarbons emission by 56.1%, nitrogen oxides emission by 93.5%. In the
mode of heating in motion fuel consumption is reduced by 12.4%, carbon monoxide emission by 56.3%,
hydrocarbons emission by 37.8% and nitrogen oxides emission by 22.1%.

The investigation of the heating modes of the engine and the catalytic converter at different ambient
temperatures confirmed the growing efficiency of the additional heating at lower temperatures.
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PED®EPAT

IMroman M.II. JlocnmipkeHHST BHKOPUCTAHHS TEIIOBOTO aKyMyJIATOpa Ui 3HUKCHHS IIKiJUTHBUX
BHUKHUIIB aBTOMOOUIFHOTO MABHUTYHA IUISXOM IMPHUCKOPEHOTO MICISIITyCKOBOTO TMPOTPIBY KaTaIITHIHOTO
HeiTpanizaropa. / M.IL Lroman, LB. I'punyk, M. Cwmemek // Bicauk HamioHansHOTO TpaHCIIOPTHOTO
yHiBepcutety. Cepis «Texniuni Haykm». HaykoBo-Texniuawmii 30ipauk. — K.: HTY, 2018. — Bum. 3 (42).

VY cTarTi po3TISHYTO OCOOJMBOCTI OIIHIOBAHHS INKIIIMBUX BHKHUIIB aBTOMOOUTHHOTO IBUTYHA B
pI3HUX peXHWMax TMPOrpiBy TPH BHUKOPUCTAHHI CHUCTEMH TEIUIOBOI IMMIATOTOBKH  KaTalliTHYHOTO
He#TparizaTopa 3 TEIUIOBUMH aKyMYJIITOPaMu 3 (pa30BUM IIEPEXOA0M.

OO0'eKT MOCTIKEHHST — BIUTUB PEXHUMY MPOTPIBYy Ta TEMIEPATypH HABKOJHMIIHBOTO CEPEOBHINA Ha
NaTUBHY €KOHOMIUHICTh Ta HIKIJJMBI BUKHIU TPAHCIIOPTHOTO JBHUTYHA il Yac BHKOPHUCTAHHS TEIJIOBOTO
aKyMyJIITOpA.

Meta poOOTH — IOCHIKEHHS BUKOPHCTAHHS TEIJIOBOTO aKyMyJIATOpa JUIS 3HUKCHHS IIKiJJTHBUX
BHUKHUIIB aBTOMOOUIFHOTO ABUTYHA IUISXOM IPHUCKOPEHOTO MICISIITyCKOBOTO TMPOTPIBY KaTaIiTHIHOTO
HeWTpanizaropa.

Meton nIOCHiIKEHHS — aHalli3 MajJMBHOI €KOHOMIYHOCTI 1 IIKIJJIMBUX BHKHIIB TPaHCHOPTHOTO
JBUTYHA IIiJ{ YaC BHKOPHUCTAHHS TEIUIOBOTO aKyMYJISITOpa Ha OCHOBI PE3YJIbTAaTiB EKCIEPUMEHTAIHLHOTO
JIOCHIIJDKEHHS 1 MATEMAaTUYHOTO MOJEIFOBAHHS.

PosrasiHyTa cucteMa BUKOPHCTOBYE TEIUIOBY €HEPTilO 3 Pi3HUX JKEepes aBTMOOIIBHOTO ABUTYHA MiX
yac #oro poOoTH, MO0 HAKONMUYyBaTH 1 B TEIUIOBHX akymysstopax. [lokazaHa QyHKI[iOHabHA cxema
TEIJIOBOi IMMITOTOBKM CHCTEMH "aBTOMOOUTHHHI HBUTYH - TEIUIOBHM aKyMyJIITOp - KaTaTITHYHAN
HeiTpamizaTop”. DyHKIiOHANFHA CXE€Ma BPaxOBYyE€ BUTpATy IMalMBa, MEXaHIUHY CHEPril0 Ta IIKiIJIUBI
BHKH]IU TIi1 yac poOOTH aBTOMOOUTFHOTO JBUTYHA, OCHAIIEHOT'O CUCTEMOIO HelTpauizamii BiApamboBaHUX
rasiB i CHCTEMOIO TEIJIOBOI MATOTOBKH 3 TEIIOBUM aKyMyJISTOPOM (a30BOTO MepeXxoay. ¥ CTaTTi HaBeICHO
OCHOBHI MaTeMAaTU4HI 3aJIC)KHOCT1 JIUIsl OMUCY IMPOLECIB TEIUIOBOI IMiArOTOBKK aBTOMOOUIBHOIO JBUTYHA Ta
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KaTAIITHYHOTO HEHTpajizatopa TPH BHUKOPHUCTAHHI CHCTEMH TEIDIOBOi TIATOTOBKH 3 TEIUIOBUM
AKyMYJISTOPOM (ha30BOTO MEPEXO/TY.

VY cTarTi BUKOPHCTAaHO pE3YJIbTaTH EKCIIEPUMEHTAIBHUX JOCHI[HKEHb TEMIIEPaTypHOTO CTaHy
KaTaJIITHYHOTO HEHTpasizaTopa Ipu BUKOPUCTAHHI CUCTEMH TEIUIOBOI IMiITOTOBKH aBTOMOOITHFHOTO ABUTYHA
B PI3HUX PEXKHMaX MPOTPIBY.

YucenpHuil eKCIIEPUMEHT TIOKa3aB, L0 0Oe3 3aco0iB J0JATKOBOTO MPOrpiBy LIBHIKA TEIUIOBA
MMArOTOBKA KaTaJITHYHOTO HeWTpamizatopa n0 Touku Light-off moximBa mnmme mixm dwac pyxy
TPaHCIIOPTHOTO 3aco0y.

BukopuCTaHHS CHCTEMH TEIUIOBOI IIJATOTOBKM KaTaJITUYHOTO HEHTpaizaTtopa aBTOMOOIIBHOIO
JIBUTYHA MO>K€ 3MEHIIHMTH Yac JOCATHEHHS ITOBHOTO MPOTPiBy TPAHCIIOPTHOTO ABHTYHa Ta TO4kM Light-off
KaTaJiTHaHOTO HelTpamizaTopa Ha 54,5% -61,1% y excruryaTamiifHIX yMOBaXx, IO 3MiHIOIOTHCS.

Pesynbratu cTaTTi MOXKYTH OYTH BIPOBaKEHI Y HAYKOBO-IOCITIIHUX yCTAaHOBAX, OpraHi3alisx, 1o
3aliMarOThCsl MOJIMIIEHHAM e(eKTUBHOCTI eKCIUTyaTallii TPaHCHOPTHUX 3ac00iB, a TaKOX MiANPHEMCTBAMHU
ABTOMOOLUTFHOTO TPAHCIIOPTY MIPH BUKOPHUCTAHHI CHCTEM TEIUIOBOI IMiITOTOBKU TPAHCIIOPTHUX 3aCO0IB.

[IporHo3Hi MPUMIYIICHHS I0J0 PO3BUTKY O00'€KTa JOCTIIKEHHS — IMOIIYyK CHOCOOIB MPAKTUYHOT
peadizanii e1eMeHTiB CUCTEMH TEIIOBOT MiATOTOBKH TPAHCIOPTHOTO 3aCO00y B YMOBAaX EKCILTyaTallii.

KJIFOUOBI CJIOBA: ABTOMOBUIBHUI ABUT'YH, IIKIJJIMBI BUKUJIU, KATAJIITUYHUIA
HEUTPAJII3ATOP, TPMCKOPEHUI MICJISAITY CKOBUM ITPOT'PIB, TEIUIOBUN AKYMYJISITOP.

ABSTRACT

Tsiuman M.P., Gritsuk 1.V., Smieszek M. Research of use the thermal accumulator for reducing
harmful emissions of the vehicular engine by rapid after-start heating of the catalytic converter. Visnyk of
National Transport University. Series “Technical sciences”. Scientific and Technical Collection. Kyiv.
National Transport University. 2018. Vol. 3(42).

The article examines the peculiarities of evaluating the vehicular engine harmful emissions in
different heating modes when using thermal development system of the catalytic converter within phase-
transitional thermal accumulators.

Object of the study — the impact of heating mode and ambient temperature on the vehicular engine
fuel economy and harmful emissions using the thermal accumulator.

Purpose of the study — research of use the thermal accumulator for reducing harmful emissions of the
vehicular engine by rapid after-start heating of the catalytic converter.

Method of the study — analysis of the vehicular engine fuel economy and harmful emissions using the
thermal accumulator based on the results of experimental research and mathematical modeling.

The system under review uses thermal energy from different sources of the vehicular engine during its
operation to accumulate it in thermal accumulators. The functional scheme of thermal development of the
"vehicular engine - thermal accumulator - catalytic converter" system is shown. The functional scheme takes
into account fuel consumption, mechanical energy and harmful emissions when operating the vehicular
engine equipped with the exhaust gases cleaning system and the thermal development system with phase-
transitional thermal accumulator. The article shows main mathematical dependencies to describe the
processes of thermal development of the vehicular engine and the catalytic converter when using thermal
development system with phase-transitional thermal accumulator.

In the article the experimental research results of the catalytic converter temperature condition when
using thermal development system of the vehicular engine in different heating modes are used.

A numerical experiment has shown that without additional heating means rapid thermal development
of the catalytic converter to Light-off point is possible only when the vehicle is in motion.

Using thermal development system of the vehicular engine catalytic converter can reduce the time of
achieving the vehicular engine complete heating and the catalytic converter Light-off point by 54.5% -61.1%
under changing operating conditions.

The results of the article can be incorporated in research institutions and organizations, which
improving the efficiency of vehicles operation and road transport enterprises when using thermal
development system of the vehicles.

Forecast assumptions about the object of study - searching the ways of practical implementation of
the vehicle thermal development system elements under operation conditions.

KEYWORDS: VEHICULAR ENGINE, HARMFUL EMISSIONS, CATALYTIC CONVERTER,
RAPID AFTER-START HEATING, THERMAL ACCUMULATOR.
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PEDEPAT

Ilroman H.II. HccnenoBanve WUCHOIB30BaHUS TEIJIOBOTO AaKKyMYJISITOpa JJIsl CHIDKEHHUS BPEIHBIX
BBIOPOCOB aBTOMOOWJIBHOTO JIBHTATENS IMyTeM YCKOPEHHOTO IOCIEyCKOBOrO MPOTpeBa KaTATUTHYECKOTO
nevitpaymsaropa / H.IL Ilroman, LI.B.'pumyk, M. Cwmemek // BectHuk HarmoHaJIsHOTO TPaHCIIOPTHOIO
ynauBepcurera. Cepus "Texanueckue Hayku'". Hayuno-texumueckuii coopauk. — K. : HTY —2018. — Bem. 3(42).

B crarbe paccMOTpeHbl 0COOCHHOCTH OLICHUBAHHS BPEIHBIX BEIOPOCOB aBTOMOOMIIBHOTO IBUTATEIIS B
Pa3IMYHBIX pPEXHMMax MpPOrpeBa NPH HCIOJIb30BAaHUHM CHCTEMBI TEIJIOBOM MOATOTOBKHM KATAIUTHYECKOTO
HeHlTpanu3aTopa ¢ TeIJIOBBIMU aKKyMYJIITOPaMu ¢ (ha30BbIM NIEPEXOAOM.

OOBeKT ucciaeqoBaHUs — BIMSHHE PEXMMa IIPOrpeBa M TEMIEpaTypbl OKPYXAloLIeH cpelsl Ha
TOIUIMBHYIO JKOHOMUYHOCTh W BpEAHBIE BBIOPOCHI TPAHCHOPTHOIO J[BUIaTeNsi IPH HCIOJIB30BaHUU
TEIUIOBOTO aKKyMYJISITOpA.

Henb paboThl — UCCIEIOBAHUE WCIIONB30BaHUSI TEIUIOBOTO aKKYMYJISITOpa Ul CHUYKEHUS! BPEIHBIX
BBEIOPOCOB aBTOMOOMJIBHOTO JBHUTraTeisl MMyTEM YCKOPEHHOTO MOCJIEIMYCKOBOTO MPOrpeBa KaTaIMTHYECKOTO
HeUTpanus3aropa.

Merton uccrnenoBaHusl — aHANM3 TOIJIMBHOM SKOHOMHYHOCTH U BPEIHBIX BBIOPOCOB TPAHCHOPTHOTO
JBUTATENs MPU HCIOIB30BAaHUM TEIUIOBOTO aKKyMYyJIITOpa Ha OCHOBE PE3yJbTaTOB J3KCIEPUMEHTAIBHOIO
HCCJIEOBAHNSA U MATEMaTHYECKOTO MOJECINPOBAHUS.

PaccmoTpeHHass cucTtemMa  HCIONB3YeT TEIUIOBYIO OJHEPrHMI0 U3  PA3IMYHBIX  HCTOYHUKOB
ABTMOOWJIBHOTO JIBUTATENsl BO BpeMs €ro padoThl, YTOOBI HAKAIUIMBATh €€ B TEIUIOBBIX aKKyMYJSTOpax.
[Noka3zana GpyHKIIMOHABEHAS CXeMa TEIUIOBOH MOATOTOBKH CHCTEMBI "aBTOMOOHIIBHBIN JBUTATEIb - TETUIOBOH
AKKyMYyJIATOp — KaTalUTHYecKHi HelTpamuzaTop". DyHKIMOHANBHAS CXEMa YYHUTBHIBAET PACXO[ TOIUIMBA,
MEXaHMUYECKYI0 PHEPTHI0 W BpPEAHBIC BHIOPOCHI MpH PadOTe aBTOMOOMIBHOIO IBUTATENsl, OCHAIIEHHOTO
CHUCTEMOM HEHTpalM3aluu OTPa0OTaBIIMX TIa30B M CHCTEMOM TEIUIOBOH MOATOTOBKU C TEIJIOBBIM
aKKyMyJsaTopoM (azoBoro nepexona. B crarhe mpuBeneHb! OCHOBHBIE MAaTEeMaTHUYECKHE 3aBUCUMOCTH IS
ONMCAHUS IMPOLIECCOB TEIUIOBOH IOATOTOBKM aBTOMOOWJIBHOTO — JOBUraTelsi M KaTaJIUTUYECKOro
HEUTpanu3aTopa IpPH HCIOIB30BAHMHM CHCTEMBI TEIUIOBOM IOATOTOBKH C TEIUIOBBIM aKKyMYJIITOPOM
(hazoBoro nepexoa.

B cratbe wHcCmonb30BaHBl PE3yNbTAThl 3KCIEPUMEHTAIBHBIX HCCIENIOBAaHUM TeMIlepaTypHOTo
COCTOSIHMS KaTJIUTUYECKOTO HEWTpamu3aTopa IpPH HCIOJB30BAHUM CHUCTEMBI TEIJIOBOM IMOATOTOBKHU
ABTOMOOMJIBHOTO IBUTATENS B Pa3JINUHBIX PEKUMAaxX MPOrpena.

UucneHHBIH SKCIIEPUMEHT I0Ka3all, YTo 0e3 CPeCTB AOTOIHUTEIBHOTO IporpeBa ObICTpast TEIIOBast
MOJTrOTOBKA KAaTAJIWTHYECKOTO Helrpanuzaropa k Touke Light-off Bo3aMO)xHA TOJIBKO BO BpeMsl ABHKEHUS
TPAHCIOPTHOTO CPEJCTBA.

Hcnonp30BaHME  CHUCTEMBI  TEIUIOBOM  IIOATOTOBKM  KAaTaJUTHYECKOTO  HEWTpaim3aropa
ABTOMOOWMJIBHOTO JBHTAaTesl MOXET YMEHBUIMTh BpPEMsI JAOCTHKCHHUS IOJHOTO IMPOTrpeBa TPAHCIIOPTHOTO
nBuratenss u Touku Light-off karammtmueckoro nelTpanuzatopa Ha 54,5%-61,1% B W3MEHSFOIIUXCS
9KCIUTyaTallMOHHBIX YCIOBHIX.

Pesynbratel cTaThM  MOTYT OBITH BHEIPEHBI B HAay4HO-HCCIECIOBATENBCKUX YUPESIKICHUSX,
OpraHu3alusaX, 3aHUMAIOIIUXCS YJIydlIeHHeM 3(QEeKTHBHOCTH 3KCIUTyaTallMd TPAHCIOPTHBIX CPEACTB, a
TaKKe MPEeNNpUATHIMU aBTOMOOWJIBHOTO TPAHCIOPTA MPH HCIOJIB30BAHUM CHUCTEM TEIUIOBOM IMOATOTOBKU
TPAHCHOPTHBIX CPEJICTB.

IIporHo3Hble NPEAIIOIOKEHUS O PA3BUTUN OOBEKTA UCCIIEAOBAHUS — IIOUCK CIIOCOOOB MPAKTUUECKON
pealiM3alii  3J€MEHTOB CHCTEMBl TEIUIOBOW MOJATOTOBKM TPAHCIIOPTHOTO CPENCTBA B YCIOBHUAX
JKCIUTyaTalHH.
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