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CO AND HC EMISSIONS REDUCTION FROH SPARK IGNITIOH
ENGINE BY CHEMICAL CATALYZER
Part T Preliminary Test Rezults
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Mech.Eng.Dept.,Mansoura University,El-Mansoura, Egypt
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ABSTRACT

The exhaust emissions of gasoline fuelled engines will be
controlled by a system that has been developed to a high tech-
nological level. The speciflc control system used will depend
on the emission standards that will have to be met. Described
in this paper are the design and development of a3 chemical
catalyzer for reducing CO and HC emissions from spark ignitilon
gehgine. The test set-up, procedures and the results, obtained
are presented and dlscussed. The material wused for the
catalytic is 1limited ¢to the avallable in the market and its
prlce. The basis on which the reactor will operate ls that a
chemical reactlon will take place between CQO presented in the
exhaust gases and copper oxlde in the muffler with the exlst-
ence of zinc oxide as a catalyzer. The results obtained shovs
a significant reduction in CO and HC emltted Efrom exhaust
gases. The reduction of, CO concentratleon wvarles with the
amount ¢f exhaust gases emitkted from the engine. It Increases
in the case when CO concentration is in the high limit. The
reduction 1s about 50% at engine speed of 1250 RPM. Dramatlc
reduction in HC emisslion is also obtained.

[NTRODUCTION

Qur discussions on spark ignition englnes emissions four-
mation and lts centrol acre presented{l-3]. Further reduction
in emisslons can be obtalned with reactors in the exbaust sys-
tem. These geacktors include cakalytic converters (for reducing
NOx and oxidizing for CO and HC) and thermal reactors fnt CO
and HC. Reviews of the current status of these devices have
been published{4). Catalytic converters and thermal reactors
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for HC and €O are now in use on automobiles in U.S5.A and
Japan. The catalytic converter for automobile wuse consist
kypically of an acktive catalytic material 1in a speclally
designed metal casing which directs the exhaust gas flow
through the catalyst bed. The catalyst is usually made up of a
small mass of actlve material such as noble metal or a com-
bination of transition and non-transltion metals, deposited on
thermally stable support materials such as alumina. Fig.(1)
indicates the temperature which must be attained in the
catalyst bed to achlieve effective removal of HC and CD{4]. The
catalysts being considered for immediate In automobiles for HC
and CO control include the noble metals PL,Pd and Rh, elther
separately or in comblnation.

Oxldation of CO and HC after passage through the exhaust
port can be enhanced with a thermal reactor. An enlarged ex-
haust manifold that belts dlrectly onto the cylinder head. Its

2 ‘o, l

RSICN

7B
O
D
T L

E Qatalytic:f Thermal
w hn . :; 3
:f ~Exhaust Tewperaturs
'y
0 L £y ‘l |
!
[t
) J I Il [ L — ']
n 200 oo £00 a0n 1000

REACTTON TEMPERATURE {o7)

Fig.(l) Compacrison of Catalytlc Converter and Thermal
Reactor Eor Oxidation of HC and CC Ref. (4]}

function is to promote rapid mixing of the hot exhaust gases
(with secondary air which is reguired with fuel-rich engine
operation to produce a net oxidatlon atmosphere). & typical
thermal reactor design ls shown in Fig.(2). The temperature
levels typically required for bulk gas oxidatlon of HC and CO
in @ thermal reactor are shown in Fig.{1). MNokte that they are
considerably higher than those required for equivalent conver-
sion in a catalytic converter, and that higher temperatures
are requlred for CO oxidation than for HC oxidatlon. To
achieve greater reduction, the reaclor must be designed to
reduce heat losses and increase residence time.



Mansoura Engineering Jowrnul (MEJ) Vol. 14, No. 2. Dec. 1989

EXHAUST Gas— ‘| l—OUTEn SHELL

e e

S e i U }_ —

i = —— .. N Ry
¢ ) s
A
- = '?‘?} —_—
. . - =
H / e, {
WEAT  CORE
SHIELD YO EXHAUST
SYSTEM

Fig.(2) 8chematic of Thermal Reactor Design.

The principle of catalytlc converter package ls to con-
trol the emisslon levels of varilous pollutants by change the
chemical characteristics of the exhaust gases. In contrast Lo
thermal re=actor, efflclient catalytic oxidation can control €O
and HC emission level almost completely at the temperature
equivalent to normal exbaust gas temperature. Thus the fuel
economy loss, uaecessary to increass the exhaust gas tempera-
ture, iz avoided. Catalyst material, such as platinum ox
ptatinum and palladium are applied to ceramic support which
has been treated with an aluminum oxide wash ecoat. This
results in an extremely pornus structure providing a large
surface area ko stlmulate the combinatlon of oxygen with lC
and CO. The oxidation process cunverts most of these compounds
to water vapor and cacben dioxide.

A practlcal limitatlion to reactor effectlveness with
fuel-rich engine operation is mixing of secondary air and en-
gine exhaust gases in the exhaust port and the «reactar core.
Combined sxperimental and analytical simulatlon studies of the
mixing process{5], wuslng stirred tank chemlcal reactor medels
have shown that the secondaty air flow with a conventional air
pump is effectlively shut off by the exhaust blowdown process,
and that virtually no oxidation occurs in the exhaust port be-
cause the air and exhaust gases are segregated. Mixing in the
teachtor itself is promoted by sulitably arranging the reactor
inlet and exit ports, &ad by uslng baffles. In systems with
conventional secondary alr pumps, maximum reducticen in €0 and
HC occur wlth 10-20% excess alr in the mlxture. However, even
wikth very bigh reactor core gas temperature, 100% HC and CO
oxidaktion is net achieved due Lo incomplete mizing.
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The objectlives 9f Lhe present work 1s to desiqn, develop
and teskting of an exhaust emlsslon control system for apark
ignition engine. This control system will depend on the emis-
sion standards of HC and C0 that will have ta be met. The
material wused for the proposed catalytic Is limited to the
available in the market and its price. The hasis own which the
reactor will operate is that a chemical reaction will take
place between the CO presented in the exhaust gases and copper
oxide (Cu0) in the muffler with the existence of =zinc oxide
(20} as a catalyzer.

2-EXPERIMENTAL SET-UP AND PROCEDURES

2.1-Engine Set-Up

The engline used in this experiments was a spark ignition,
Eour skroke, four c¢ylinder water cooled one of compression
ratio 6.5 and bore and stroke of 80 and 120 mm. The JIgnition
timing is set to 20 degree before top dead center. The engine

was eguipped with standard Uthrottled carburetor and ther-
mocouple Lo monitor the exhaust temperature. A needle valve
was used to precisely control the fuel rate. Since the engine

was operated at wlde open throttle and different throttle
positions in these tests, adjustment of this wvalve was the
means for obtainlng different air-fuel ratlos.

Alr flow rate to the engine was determined with the aid
of an air box, calibrated orilfice and inclined manometer. The
power output of the engine was absorbed by a low voltage d.c
swinging field dynamometer which capacity of absorbing the
output from the engine and also use as a motor to drive the
engine for starting and for determination of engine frictien.

The HC and CO emissions were measured using Beckman Model

590 infrared analyzer. This instrument analyzes wvehlicle ex-
haust emlssions [or two compeonents; carbon monoxide (CO) and
hydrocarbons {(HC). This medel is a dual channel, non-

dispersive JInfrared analyzer. Although physically an in-

teqrated system, functionally the analyzer constitntes Gtwo

single beam filter photometers, one each for the CO and HC

determinations. Each channel cantains the fnllowing;

1-Hot element focused source that emits an essentially paral-
lel beam of infrared energy.

2-Infrared band pass £filter to lsolate an optical absorption
band that i1s characteristic of the measured component(CO&HC)

3-Continuous flow sample cell, sealed at the ends with re-
plceable windows.

4-Faocused black body themistor detecter that recelves only
parallel rays. (The detectors for both channels are mounted
in a single temperature controlled aluminum block}

S-Amplification circultry with associated range selection and
calibration controls.

6-Readout meter with dual scales covering low and high ranges.
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2.2-Exhaust Muffler

The designed axhaust muffler had the same dimenslons as

that for the test engine as shown In Fig.(3}).
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Fig.(3) Schematic of Catalytic and Muffler Assembly

It 1s constructed £from three different sections, 67mm
diameter, Z20mm length pipe used as inlet tube, welded to the
muEfler with the dimenston of L30mm diameter and 750mm length
serves as a contalner for the catalytlec elements. This muiflerx
is Elanged at its ontlet side and bolted with four seb screws
to the €Elange of the outlet plipe with dimensions of 62mm
diameter and 220mm length. By this design it can be install
the vcatalytic elements and to vary the number of working ele-
ments in the test section. The pipes and muffler are all made
from a lmm thickness steel sheet. The inlet and outlet pipes
each had been fastened with the muffler and be easy replaced
with that of the test engine. This arrangement make possible
Lhe experiments *to be carry oubt with and without the
catalytic.

2.3-Catalytic Elements And Assembly

The catalytic elements 1Is tolled as a cylinder 130mm.

diameter and 120mm. lengkth of lmm steel sheekt as shown in
Fig.(4). I€ 13 cantains Eten radial blades, the catalytic
material is placed inslde a rolled 3lteel wire nets. The

catalytic matecrlal is prepacred of copper and zinc oxides mixed
together with Lthe wuse of a local resin, By this methed the
catalysk was cobtained In a form of gralns, after they have
been dried in Lhe free alc, the grains were placed in the
slteel wire pets and fltted in among the blades. This arrange-
ments achleves a long path for the exhaust gases on the
catalytic material and also helped as a3 damping =ffect of
sound waves in the exhaust muffler and reduces the noise.
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Flg.{d4) Catalytic Element Assembly

The materials chosen for this reactor are limlted Lo the
available in the market and lts price. The basis on which this
reactor will operate is that a chemical reaction will take
place between the carbon monoxlide presented in exhaust gases
and copper oxide in the muffler with the existence of zinc
oxide as a catalyzer, Lhe reaction eguation will be;

Cud + CO -----  Cuy + (02
Cycllc operation is possible via reoxldation.
3.RESULTS AND DISCUSSIONS

Series of experlments have been carried ocut with zand
without the catalyzer at dlfferent engine speed, engine loads
and at a wide range of fuel-alr ratios. Measurements of HC and
C0O emissions, engine torgue, fuel and air consumptions and ex-
haust gas temperatures were made at a wide range of engine
operating conditions. The results of tests were collected and
displayed graphlcally as a group familles of curves for each
operation conditions, Some of the results obtalined are
presented and discussed now as Iln the following;

Flgure(5) shows Lhe measured percentage of CO and
hydrocarbon (FFM HC) In the exhaust muffler with and without
the catalyst as a function of engine speed. These relations

are reached at full threttle opening and engine brake mean ef-
fective pressnure (bmep) of 4.2 Kp/Cm.Cm. It is clearx trom Chis
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flgures that as the englne speed 15 lncrease Lthe HC and co
emissions are decreases. It iIs also notliced that the use of
catalyst will decrease engine emissions. The relative gains
obtained when using the catalyst increases as engine speed in-
creases. For example at engine speed of 1000 RPM the reduction
in HC is about 60% and the reductlon in CO ls about 25%, whlle
at an engine speed of 2000 RPM the reduction is about 80% Iin
HC emission and about 70% in CO emisslion. This can be seen
more clearly from the =zresults presented in ¥ig.(6), which
shows the percentage reduction in engine emissions when wusing
the chemical catalyzer as a function of engine speed. The ln-
fluence of englne speed on the HC and CO emlsslons can be ex-
plained as follows; As the englne speed ls increased, the mix-
ture turbulence ls increased. The hlgher turbulence level will
increase the burn rate and consequently reduce the unburned
hydrocarbons as well as the percentage reduction in the
catalyst. Also the good mixing and the higher combustion and
exhaust gas temperature levels will tend to decrease CQ and
the percentage reduction in the catalyst.

Flguregs (7) and (8) show the effects of englne brake
power (BHP} on HC and CO engine exhaust emissions and the per-
centage reduction when uslng Ethe chemical catalyzexr. The
results presented in the figures are obtained at an engine
speed of 2250 RPM and egquivalence ratioc of 1.1. It is clear
from these results that as engine brake power Increase CO and
HC &missions are decrease. It is also clear that the wuse of
the catalyst lead to further reduction in HC and CO emliaslons.
The relatlive galns obtalned when using the catalyst is noticed
te be |lncrease as the engine power increase. For example at
engine pover of 7.65 BHP, the reduction in HC is about 70% and
the reductlion in CO is about 57%, whlile at engine power of
22.95 BHP the reduction In HC emission i1s about 80% and the
reduction in CO emission is about 653%. This «an be seen
clearly from the results presented in Flg.(8). Thls reduction
in HC and CO as the engine power lncreases may be due to the
Eollowing reasons; As the throttle opening ls increased, the
engine powver is increased and the combustion temperature and
exhaust gas temperature are increased. Also, the tu:zbulence
motion inside the combustion chambexr increased, at the same
time the combustion rate Iincreases. These will tend ¢to
decrease CO formatlon and give a great chance to decrease the
unburned HC.

Shown in Fig.(9) 1ls the influence of eguivalence ratio on
HC and CO0 emisslons with and without the catalyst at full
throttle opening, variable load and at an engine spred of 2000
RPM. It ls c¢lear Erom this Eigure that the increase in equiv-
alence ratio, results in increase in €O and HC emisslons. This
is due t¢ the increase of fuel molecules in the mixture and
deficiency of axygen available to complete the combustion. The
relative gains obtained when using the «catalyst has been
noticed to increase as the mixture becomes richer.
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6] Usio

From the experimental results reported in this paper it
is well established that the engine operating parameters have
a great effect on CO and HC emissions of spark lgnition en-
gine. The results also reveal that it 1s possible to produce a
chemical catalyzer for reducing the CO and HC emitted from
such engine. Studying of the experimental results reveal the
following conclusions;

1-The use of chemical catalyzer in the exhaust muffler of the
spark ignition engine results in decrease of the CO and HC
emissions from spark ignition engine.

2-The catalyst material used was prepared of copper and zinc
oxides mixed together to form grains placed 1in steel wire
nets. This arrangement achieves a long path of the exhaust
gases on the catalyst material and alsoc make a damping ef-
fect of sound waves ln the exhaust gases to reduce nolse.

3-The maximum reduction in CO and HC emissions when using the
catalyst are obtained at full load, higher engine speed and
higher engine output.

4-The fraction of CO and HC reacted in the catalyzer lncreased
with increasing engine speed and power due to the increase
in the exhaust gas temperature.

NOMENCLATURE AND ABBREVIATION

BHP Brake Horse Power

bmep Brake Mean Effective Pressure Kp/Cm.Cm. .

c Degree Centigrade

co Carbon Monoxide Concentration %

HC Unburned Hydrocarbon Concentratlion PPM

PPM Part Per Million

RPM Revolution Per HMinute

s Thermal Efficiency %
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