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Buxnonui 2azu aemomoo6inie € ocHoeHum 0xcepeom 3aopyo-
HEHHS NOBIMPSA 6 HABKOIUWHLOMY Cepedosuuii. 3a0pyoHeHHs
BUXIONHUMU 2A3AMU ABMOMODLLIE MOICE OYMU CKOPOUEHO, AKUWLO
npudinamu yeazy cucmemi mexuiiHoz0 00CaAY208Y6anns, Cy1ac-
HUM KOHUENUiAM YNpasinna 06UZYHOM, OUUULEHHIO NAAUBA i
CKOpouenHio 6uxuoie suxaonnux zasie. Kamanimuuni neiimpaoni-
3amopu € Haubivw edexmuenum incmpymenmom Gopomvou
3 3a0pYOHeHHAM HABKOUMHBL0Z20 Cepedosuwld, OCKIIbKU 60HU
cxopouyromo mavirnce 80 % wkioausux 2asis, w0 ymeopioomocs
6 pe3yomami HenoeHoz20 320pAHHA 6 déueyni. [ 3'acyeanns
AGUW, WO NPOMIKAIONMb, NPOBEOCHO MO0ETIOBAHHA CMPYKMYpPU
NOMOKY BUXIONHUX 2A318 31 3IMIHOI0 KilbKOoCcmi i popmu invmpa
xamanimuunozo ueimpanizamopa. /lane oocaioycenmns nouu-
HAEMBCS 31 CMBOPEHHA KOHCMPYKULT KAMATIMUMHO20 Helimpai-
3amopa, saxa 6xkJa0OuaAE 8 cebe Po3MIpU Hepo3pizanozo Qinv-
mpa i po3mipu poapizanozo Qiarempa. Illomim xoncmpyroromocs
PO3MIpU paMu KaAMAIMU1H020 Hellmpanizamopa 3 pisHoro Kijib-
Kicmio Qinompis: 2, 3, 415 wmyx i 6BUKOHYEMbCI MOOENIOBAHHSL.
Pesyavmamu modenroganms noxasyiomo, wo 30iavuenns 6i0-
comka weuoKocmi 00yYMoeJleH0 NOMOKOM BUXTIONHUX 24316, WO
npoxodumv uepe3 HeeeUKi omeopu 6 (Qinbmpi, maxum UUHOM
MuUck 2asy enaueae na 3disvuenns weuoxocmi. Pexomenoyemocsa
ecmanosaeamu 2 Hepo3pizanux Qirempa, ocKilvKu 8aKyym-
Ha 30na eidcymua. 30invumenns Kinokocmi Qinompie 36ivuye
NoWY 8AKYYMY, W0 N6 A3AHO 3 006206IHHICMIO KAMATTIMUUHO020
Heumpanizamopa. Pesyaomamu moodentoeanus nepeddanaromo
suxopucmanns 3 Haudiow 0062081MHUX PO3PI3aAHUX (Dirbmpie 6
nopieuanui 3 suxopucmanuam 2, 415 ¢inompis. Y nepospizanux
dinompax (3, 4i5 wmyx) eunaoxosuii po3nodin mucxy o6ymos-
NeHull HepieHOMIpHUM muckom. Ileil nepienomipnuii nomix 3nu-
scye epexmuenicmo i 006206iuHiCMb KAMAIIMUIO20 HEUMPATi-
3amopa, na 6iominy 6i0 éunaoxy 3 3 pospizanumu Qirempamu,
AKL Maromo Oiabu pieHOMIPHUL PO3N00LL MUCKY, Ollbu meepoi i
cnaagieni.

Kmouosi cnoea: euxnonni easu, 3abpyonenns noeimps,
HABKOUWMHE cepedosuule, CKOPOUEHHS 6UKUOI8 BUXJONHUX
2azie, xamanimuunuil Helmpanizamop, mMo0en0eanns, Hepo-
3pizanuii pinemp, nrowa eaxyymy, pospizanui Qiromp, Hepig-
HOMIPHUIU MUCK
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Exhaust gas in motorized vehicles is the main source of
air pollution in the environment. The pollutant in the exhaust
gas is in the form of particulate matter, volatile organic com-
pounds and imperfect combustion remnants such as Carbon
monoxide (CO), Carbon dioxide (COy), Sulfur dioxide (SO,)
and Nitrogen oxide (NOx). In addition to the primary pollut-
ants mentioned above, exhaust gases also produce secondary
pollutants, namely: Ozone (O3) and secondary organic aero-
sols. These secondary pollutants are dangerous pollutants and
are very concerning because of the adverse effects caused to
the environment and human health. Pollution due to exhaust
gas from motorized vehicles can be reduced by taking into ac-
count maintenance systems, modern engine control concepts,
and fuel cleaners. However, this cannot improve air quality

significantly due to the severe air pollution in major cities
in the last 10 years. To overcome this, a Catalytic converter
that has good quality in the absorption of exhaust emissions,
a design that is reliable and durable, so that environmental
pollution problems can be overcome.

2. Literature review and problem statement

Catalytic converters have gone through many amazing
processes and evolution over the past 30 years. The most
effective tool to fight pollutants in our environment, because
it reduces nearly 80 % of the harmful gases produced by in-
complete combustion from the engine. Catalytic converters
in the form of stainless steel containers are installed along
the engine exhaust pipe and in the container contain porous




ceramic structures through which the exhaust gas flows [1].
Catalytic converter forms vary square, triangle, hexagonal and
sinusoidal. Initially, the converter uses loose granular ceramic
with the gas passing between the balls. Because it is difficult
to keep the ball in place, many converter developers choose
ceramic monoliths that offer various advantages. Among the
advantages are smaller volume, lower mass and greater ease of
packaging [2].

The active catalyst layer placed on the monolithic wall is
called “waistcoat”, consisting of pores, which are composed of
an inorganic oxide such as y-Al,O3 (Gamma alumina), CeO,
(Ceria) and ZrO, (Zirconia). Catalysts derived from precious
metals, such as Platinum (Pt), Palladium (Pd) and Rhodium
(Rh), are deposited on the surface and inside the pores of the
washcoat [3]. The exhaust gas flowing in the Catalytic convert-
er diffuses through the washcoat pore structure to the catalytic
site where heterogeneous catalytic reactions occur. Wash-
coat layer thickness is 20—100 pm. Thicker cleaning deposits
(“fillets”) form in the corners of cells, especially in sinusoidal
channels of metal substrates. Oxidation catalysts are widely
used in automotive industries such as Carbon monoxide and
Oxide hydrocarbons. Reduction of toxic gas (NOx) began to
be implemented in the majority of vehicle exhaust systems [2].
Three-way Catalytic converters provide oxidation and reduc-
tion processes to replace a two-way converter and generally,
CO reactions begin first, followed by HC and NOx reactions.
With the condition of lean-mixture, the catalyst is able to oxi-
dize HC and CO following the reaction as follows:

2C0+0,-2CO0,, M
AHC+50,-4C0,+2H,0. 2)

With the operation of a rich mixture, catalysts help
NOx reduction reactions with reactions involving HC and
CO as follows:

2CO+2NO—-2C0O,+Ny, 3)
AHCHONO—4CO,+2H,0+5N,. )

Reducing emissions of toxic substances from engine
combustion can be achieved by primary measurements (in-
side the engine) and secondary measurements (outside the
engine). As a major measure of various possibilities and tech-
nical methods to reduce exhaust emissions used for example
combustion of mixed non-fat air fuels, multi-stage injection
fuel, re-circulation of exhaust gas in the gas fuel after burn-
ing, additional water loading into the cylinder volume [4, 5].
In the exhaust gas treatment process in the exhaust, various
advanced technologies are applied based on the oxidation
and three-way catalyst adsorption and filtration process [6].
This allows the reduction of Carbon monoxide (CO), Hydro-
carbons (HC), Nitrogen oxides (NOx) and particulate emis-
sions from gasoline or diesel engines to meet the regulatory
demands of future exhaust emissions [7, 9].

Research by [10] made an effort to make a gas flow uni-
form by using solid workflow assistance using simulation.
The results of this simulation find that the circular channel
is the best in creating a uniform exhaust gas flow. In the
development of a circular channel, this is often not possible
because of the limitations of the room from the Catalytic
converter design. Therefore, a short expansion combined
with a guide blade is often used [11].

To minimize the design and save material modification,
the filter form can be done to direct the exhaust gas flow.
The hole diameter in the filter affects the back pressure flow
in the Catalytic converter. The back pressure flow that oc-
curs is greater when the diameter of the hole is small and vice
versa. Backflow in the Catalytic converter causes a vortex so
turbulence and vacuum areas occur [12].

The occurrence of turbulence flow is very effective in
reducing flow velocity and increasing the filtration process
in exhaust gases [13]. To increase the occurrence of flow tur-
bulence and prevent the occurrence of a wide vacuum area, it
is necessary to do a simulation with variations in the number
and shape of the filter-cut with a zig-zag arrangement in the
Catalytic converter. So that the design of a catalytic con-
verter is obtained which meets the absorption standards of
exhaust emissions.

3. The aim and objectives of the study

The aim of the paper is to find out the phenomenon of ex-
haust gas that passes through the filter-cut and filter-not-cut
in the Catalytic converter. So that a design that is durable
with maximum absorption of exhaust emissions is obtained.

To achieve the aim, it is necessary to accomplish the
following objectives:

— Analysis of the behavior of the exhaust gas when passing
through the filter-cut and filter-not-cut forms, the advantages
and, disadvantages when used in catalytic converters.

— Know the effect of flow and decrease pressure on dura-
bility in the design of catalytic converter models.

— Looking for the best design so that the aging of the
catalytic converter can be overcome.

4. Materials, methods, and models of research

This research method, starting from making the Cata-
lytic converter design which includes: filter-not-cut image
dimensions (Fig. 1, @) and filter-cut images (Fig. 1, b). Then
designing the Catalytic converter frame dimensions and
filter placement distance with variations: 2, 3, 4 and 5. Per-
form simulations with CFD 14.5 software, student version
with the following parameters:

User mode: Viscous-laminar.

Analysis mode: Steady state.

Fluid type: Air.

Boundary condition: inlet, outlet, wall.

Fig. 1. Cut-filter model: @ — Filter dimensions; b — Filter-not-
cut model

Fig. 2 shows the mounting distance between two filters,
with a single axis arrangement and the distance between one



filter and another filter is 45 mm. The central part is an iron
pipe with a 10mm outer diameter that serves as a filter handle.

3 - 45 45

Fig. 2. Filter installation distance

The steps in this simulation follow the research flow-
chart as shown in Fig. 3. The first step is the Catalytic
converter design in the form of Filter-not-cut and Filter-cut
with variations: two, three, four and five filters. Then simu-
late the ANSYS software and analyze the results.

Desain Catalytic
Converter

/\\

The filter-cut is designed in such a way that the exhaust
gas is in turbulence condition, with the hope that the ex-
haust gas absorption process is more effective.

Table 1 shows the condition of the flue gas flow velocity
that occurs in the Catalytic converter. The highest speed
occurs in the variation of 2 filter-not-cut with a value of
49.39 m/s and there is a decrease in speed in the modifi-
cation 2 filter-cut of 42.54 m/s. While the lowest value
occurs in the variation of 5 filters-not-cut with a value of
34.94 m/s and the filter-cut modification is able to reduce
the speed by 34.43 m/s.

Fig. 5 is a graph of the relationship between the number
of filters and the exhaust gas velocity, the results show that
the difference in exhaust gas velocity is getting smaller with
the increasing number of filters. The number of filters 4 and 5
shows that the difference in speed is getting smaller, this shows
that the addition of a number of filters increases the resistance
to the exhaust gas flow. When the flow velocity decreases, the

contact between the filter and the exhaust
gas is more effective in the absorption of
pollutant gases.

The difference in the highest speed
increase between filter-not-cut and fil-

Filter-not-cut

Filter-cut

ter-cut occurs in variations in the num-
ber of filters: 2 with a percentage value:

|

\L 685 % (shown in Fig. 6) and the lowest in

Two, Three, Four, and Five Filters

Two, Three, Four, and Five Filters

the number of filters: 4 with a percentage
value: 31 % (shown in Fig. 6). The increase

in velocity percentage is caused by the

Visualize the exhaust gas flow pattern with
simulation software

!

Analysis of results

)

Conclusion

Fig. 3. Research flow chart

5. Research results of the flue gas flow pattern with
variations in the number and shape of the catalytic
converter filter

Fig. 4 is a simulation image of filter-not-cut and fil-
ter-cut when flushing gas. There are six forms of simula-
tions made here, namely: 2, 3, 4 and 5, type filter-not-cut
and filter-cut, each of which is shown in Fig. 4, a—h. The
arrangement of filters is in one axis with a number of 2—-5.

flow of exhaust gas passing through the
small holes in the filter so that it changes
the gas pressure to increase speed.

Fig. 7 shows simulation results of ex-
haust gas flow through a Catalytic con-
verter with two filters. In the filter-not-
cut, the turbulence that occurs is small in
the hole out of the filter as shown by the
ellipse image (Fig. 7, @) and on the two fil-
ters-the cut turbulence shape that occurs
is greater as shown in the figure (Fig. 7, b).
This is due to gas flow waste more free-
ly when passing through the filter cut.
The effect of the appearance of turbulence is to reduce the
flow rate of the exhaust gas in the Catalytic converter.

This turbulence area is increasing as the number of filters
increases. Each turbulence area is shown in Fig. 8, b and
Fig. 9, b and Fig. 10, b. From the simulation results, it ap-
pears that turbulence is greater than turbulence in Fig. 8, «q,
Fig. 9, a, and Fig. 10, a. This turbulence condition is very ef-
fective in reducing flow velocity and increasing the filtration
process in the exhaust gas.

Table 1
Shows the condition of the flue gas flow velocity that occurs in the Catalytic converter
No | Numberof | Enty Spead | GO PR | e | ErySpeed | e e | speed penent
(m/s) (%) (m/s) (%) age (%)

1 2 49.39 4,839 42.54 4,154 685

2 3 43.16 4,216 41.26 4,026 190

3. 4 ! 38.32 3,732 ! 38.01 3,701 31

4 5 34.94 3,394 34.43 3,343 51

Note: Vi, (exhaust gas velocity)=1m/s, P (exhaust gas pressure)=1 atm



T 0z 00

g h

Fig. 4. The flue gas flow pattern passes through filters: a — Type 2 filter-not-cut; b — Type 2 filter-cut; ¢ — Type 3 filter-not-
cut; d— Type 3 filter-cut; e — Type 4 filter-not-cut; f— Type 4 filter-cut; g — Type 5 filter-not-cut; # — Type 5 filter-cut
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Fig. 10. The flue gas flow pattern passes through five Catalytic converters: a — Filter-not-cut and; b — Filter cut

6. Discussion of the research results of the of Flue Gas
Patterns with Number and Shape Variations of the
Catalytic converter filter

Fig. 11 shows the pressure distribution that occurs along
the Catalytic converter channel. From the simulation results,
it appears that the vacuum is increasing with the increasing
number of filters. The addition of the number of filters trig-
gered a vacuum in the Catalytic converter channel, the green
area of the image (Fig. 11, d) shows the increasing vacuum
value. From this phenomenon, it can be concluded that the
installation of 2 filter-not-cut pieces as shown in Fig. 11, a is
a safe condition where there is no vacuum. From the results

of this simulation, it can be concluded that the addition of a
number of filters increases the vacuum area that occurs as
shown in the figure (Fig. 11, b—d) and this is related to the
durability of the Catalytic converter.

Fig. 12 shows the distribution of pressure that occurs in the
Catalytic converter channel. The yellow color occurs at the ends
of the filter-cut, this shows the occurrence of vacuum areas. The
ends of the filter are damaged more quickly due to receiving a
high vacuum level as shown in the figure (Fig. 12, a, ¢, d). From
the results of this simulation, it is advisable to use 3 filter-cut
images (Fig. 12, b) which are the most durable compared to the
number of filters 2, 4 and 5 pieces. This is due to the relatively
smaller vacuum area compared to the area (Fig. 12, a, ¢, d).
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Fig. 11. Distribution of exhaust gas pressure in the filter-not-cut variation:
a — Filters 2; b — Filters 3; ¢ — Filters 4 and; d — Filters 5

.
T Le.:
-

ous 007

o 0050 0100 (m) .z
—— T
00% 0075

o 0050 0100 (m)
— t
oas oo7s .

c

Fig. 12. Distribution of exhaust gas pressure on filter-cut variations:
a — Filters 2; b — Filters 3; ¢ — Filters 4 and; d — Filters 5

Fig. 13 shows the pressure analysis in the 2-filter-cut /filter-
cut section as shown in the figure (Fig. 13, a, b) and 3 fil-
ter-not-cut/filter-cut images (Fig. 13, ¢, d). The results of
the pressure analysis show that the pressure distribution of
the 2-note-cut filters is more stable because the direction of
centrifugal pressure flow is the same and evenly distributed
as indicated by the white arrow while the 2 filter-cut di-
rection of the pressure flow changes as shown by the arrow
(red, yellow and black). The results of this analysis show
that the 2-filter-not-cut pressure distribution is better than
the 2-cut filters.

The opposite is true for variations in the filter-not-cut and
filter-cut, in the random pressure distribution not-cut filter
due to the presence of dark blue (low pressure) dots in light
blue (higher pressure) as indicated by the yellow arrow. This
causes a random and non-uniform pressure flow direction. This
non-uniform flow decreases the efficiency and durability of the
Catalytic converter. Unlike the case with filter-cut, the pressure
distribution is more regular than the filter-not-cut as shown by
the green arrow. The distribution of pressure on the cut-filter
is more solid and fused, divided into two compressive distribu-
tions: dark blue (low pressure) and light blue (higher pressure).
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Fig. 13. Distribution of pressure on: a — Filter-not-cut 2; b — Filter-cut 2; ¢ — Filter-not-cut 3 and; d — Filter cut 3

7. Conclusions

creases the vacuum area, which is related to the durability of

1. The increase in velocity percentage is caused by the  the Catalytic converter.
exhaust gas flowing through the small holes in the filter so 3. From the results of this simulation, it is advisable to
that it changes the gas pressure to increase speed. use the 3 filter-cut pieces that are most durable compared to
2. Installation of 2 not-cut filters is a safe condition where  the number of filters 2, 4 and 5 pieces. This is caused by the
there is no vacuum. The addition of the number of filters in-  smaller vacuum formed.
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