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Abstract

The major pollutants emitted from spark ignition (SI)
engine are carbon monoxide (CO) and unburnt
hydrocarbons, nitrogen oxides which are hazardous to
human beings and environment. If the engine is run with
alcohol blended alternate fuels, aldehydes are emitted as
significant pollutants, which are carcinogenic and harmful
in nature. Hence, control of these aldehyde emissions call
for immediate attention. Present study is carried out for
measurement and control of the aldehyde emissions from a
variable- compression ratio, variable-speed, copper-
coated spark ignition engine fueled with ethanol blended
gasoline (20% V/V) and methanol blended gasoline
(20%V/V) fitted with catalytic converter containing sponge
iron catalyst. The influence of the engine parameters such
as speed, compression ratio and configuration of the engine
with and without catalytic converter on the pollutants is
studied. The speed of the engine has marginal effect, while
load and compression ratio are found to show significant
influence on reduction of pollutants. Air injection into the
catalytic converter has further reduced the aldehyde
emissions by effective oxidation. Copper coated SI engine
with alcohol blended gasoline found to decrease the
aldehyde emissions considerably when compared to
conventional engine with pure gasoline operation.

Keywords: Aldehyde emissions; spark ignition engine;
copper coated SI engine; alcohol blended gasoline;
catalytic converter.

Introduction:

The use of alcohol blended gasoline in spark
ignition(SI) engines is increasing in recent years. The
common pollutants'™* emitted from the SI engine fueled
with gasoline are carbon monoxide (CO), carbon
dioxide(CO,), un-burnt hydro carbons and oxides of
nitrogen (NO,) which affect health and environment. But,
when alcohol blended gasoline (gasohol) *7 is used as an
alternate fuel, the aldehydes are also emitted as significant
pollutants, which are carcinogenic® ° and cause detrimental
effects on human health > ''? The extent of emission of

pollutants depends on the factors” like incomplete
combustion of fuel, fuel composition, air-fuel ratio,
temperature of the combustion chamber etc. Usually, the
emission of harmful pollutant, CO is controlled by catalytic
converter containing platinum group metals, which are
costlier. However, a few studies are made regarding the
measurement and control of the aldehydes in the exhaust”"*
of SI engines compared to other pollutants. Therefore,
attention is paid for measurement and control of aldehydes
in the exhaust of the engine using cheaper catalyst.
Accordingly, the present paper reports the study on the
control of aldehyde (formaldehyde and acetaldehyde)
emissions with different versions of the engine such as
conventional engine and copper (catalyst) coated engine
with catalytic converter having sponge iron catalyst and
methanol blended gasoline and ethanol blended gasoline
(20%V/V) as fuel.

Experimental Program
Experimental Setup

The experimental set-up employed in the study is shown in
Fig.1. A four- stroke, single-cylinder, water-cooled, spark
ignition engine of brake power 2.2 kW at a rated speed of
3000 rpm is used. The engine is coupled to an eddy current
dynamometer for measuring its brake power. The
compression ratio of the engine is varied from 3 to 9 with
the change of the clearance volume by adjustment of
cylinder head, threaded to the cylinder of the engine. The
engine speed is varied from 2200 to 3000 rpm. Inorder to
improve the effective combustion of fuel and to reduce the
emission of pollutants, the piston crown and inner surface
of the cylinder head are coated' with copper by plasma
spraying. A bond coating of NiCoCr alloy of about 100
microns thickness is applied using 80 kW METCO plasma
spray gun. Over the bond coating, copper (89.5%),
aluminium (9.5%) and iron (1.0%) is coated for 300
microns thickness. The coating had very high bond strength
and does not wear off even after 50 hrs of operation.
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Catalytic Converter

A catalytic converter ( Fig. 2) is fitted to the exhaust pipe
of the engine. Provision is made to inject a definite quantity
of air into the catalytic converter. The converter is filled
with sponge iron catalyst with a void ratio of 0.7:1, (void
ratio is the ratio between the volume occupied by the
catalyst to the volume of the catalyst chamber), where the
pollutants are found to be minimum.

Measurement of Aldehydes

For measuring aldehydes in the exhaust of the engine, a wet
chemical method'® is employed. The exhaust of the engine
is bubbled through 2,4-dinitrophenyl hydrazine (DNPH) in
hydrochloric acid solution and the hydrazones formed from
aldehydes are extracted into chloroform and are analyzed
by high performance liquid chromatography (HPLC) to
find the percentage concentration of formaldehyde and
acetaldehyde in the exhaust of the engine.

Various sets of the exhaust gases are drawn at three
different locations, 1) immediately after the exhaust valve
of the engine, 2) after the catalytic converter, and 3) at the
outlet after air injection into the catalytic converter. The
quantity of air drawn from the compressor and injected into
the converter is kept constant so that the backpressure does
not increase and reverse flow is not created in the
converter. Experiments are carried out on different
configurations of the engine i.e., conventional engine and
copper coated engine with different test fuels, pure
gasoline, ethanol blended gasoline (20%V/V) and methanol
blended gasoline (20%V/V) under different operating
conditions of the catalytic converter, set-A- without
catalytic converter and without air injection, set-B- with
catalytic converter and without air injection and set-C with
catalytic converter and with air injection.

1.Engine, 2.Eddy current dynamometer, 3. Loading
arrangement, 4. Fuel tank, 5. Burette, 6. Three-way valve,
7. Directional valve, 8. Air compressor, 9.Rotometer, 10.
Heater, 11 Air chamber, 12.Catalyst chamber, 13.Filter,
14.Rotometer, 15. Heater, 16. Round-bottom flasks

containing DNPH Solution Fig.1- Experimental set up

(All dimensions are in mm)

1.Air chamber, 2. Inlet for air chamber from the engine, 3.
Inlet for air chamber from the compressor, 4. Outlet for air
chamber, 5. Catalytic chamber, 6. Outer cylinder 7.
Intermediate-cylinder, 8. Inner-cylinder, 9.Inner sheet,
10.Intermediate sheet, 11. Outer sheet, 12. Outlet for
exhaust gases, 13. Provision to deposit the catalyst and 14.

Insulation.

Fig.2-Details of catalytic converter

Table-1.Data of % formaldehvde emissions at peak load for different test fuels at different

compression ratios and speeds with different versions of the engine
Fuels (Gasoline Ethanol blended gasoline

(20%VV)

Methanol blended gasoline
(20%V'V)

Engine
VErs CE CCE CE CCE {CE
ion
Speed (rpm) 2800 3000 2800 3000 2800 3000 2800 3000 2800 3000
1 75 65 35 45 12U 10 5 175 163
1 82 73 62 35 127 12 107 10 181 174
81 035 43 35 25 % 6 6 S8y T3
65 33 45 3% 85 75 65 35 95 83
81 35 13 15 075 6 5 4 375 65 33
91 40 30 20 128 63 33 45 4 70 60

Bet-A

CCE

2800
103
112

3000
9.3
104
6.3
33
40

Bet-A - Without catalvtic converter and without air injection; ®Set-B - With catalvtic converter and without air

mjection; Set-C - With catalytic converter and with air injection; “CE- Conventional engine, *CCE-

Copper coated engine, * Compression ratio of the engine

338|Page



M. V. S. Murali Krishna, S.Narasimha Kumar, P.V.Krishna Murthy, and K.Kishor/ International

Journal of Engineering Research and Applications (IJERA)

WWWw.ijera.com

Table-2.Data of % acefaldehyde emissions at peak load for different test fuels at different

compression ratios and speeds with different versions of the engine

Ethanol blended gasolme
QoY)

Fuels Gasoline Mehano! blended gisoline

(20%V/V)

Engine
\GH CE LLE €z CCE <E {CE
ol
Speed(rpm) 2800 3000 2800 3000 2800 3000 2800 2000 2800 3000 2800 3060
1065 55 45 3% 0 1 B3 12 83 85 15 65
Bet-A
W7o 63 52 45 207 199 137 129 1ol 85 82
|Io45 33 25 Ly 11 108 8055 45 35 1Y

Setl
W1o30 20 10 05 85 85 735 65 40 30 20 1

Set-A - Without catelytic converter and without air inje:tion; “Set-B - With catelytic converter and without air
injection; “Set-C - With cataltic convertzr anc with air injection; °CE- Conventional engine, *CCE-

Copper cozted engine, * Compression 1atio of the engine

Results and Discussion

The data of formaldehyde and acetaldehyde emissions is
listed in Table 1 and Table-2 respectively at peak load,
different compression ratios and speeds with different
versions of the engine at different operating conditions of
the catalytic converter with ethanol blend and methanol
blend of gasoline repetitively. It is observed that at each
speed, the formaldehyde emissions in the exhaust decreased
considerably with the use of catalytic converter, which is
more pronounced with an air injection into the converter.
Methanol blend increases formaldehyde emissions
considerably due to partial oxidation compared to pure
gasoline. The low combustion temperature lead to produce
partially oxidized carbonyl (aldehyde) compounds with
gasohols. Formaldehyde emissions are found to decrease
with an increase in speed of the engine with different test
fuels. Improved combustion with the increase of turbulence
reduces the formaldehyde emissions. Copper-coated engine
decreases formaldehyde emissions when compared to
conventional engine. The catalytic activity of copper on
combustion of fuel increases with temperature and
combustion temperature increases with the increase of the
speed of the engine. As the compression ratio decreased
from 9:1 to 8:1, formaldehyde emissions decreased with
different test fuels in both versions of the engine. This is
due to increase of exhaust gas temperature with the
decrease of compression ratio leading to oxidation of
aldehydes in the exhaust manifold with different versions
of the engine.

The trend exhibited by acetaldehyde emissions is same as
that of formaldehyde emissions. However, acetaldehyde
emission is observed to be more with ethanol blend
compared to methanol blend of gasoline in both versions of
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the engine (Table-2). The partial oxidation of ethanol
during combustion predominantly leads to formation of
acetaldehyde. Copper (catalyst) coated engine decreases
aldehydes emissions considerably by effective oxidation
when compared to conventional engine. Catalytic converter
with air injection drastically decreases aldehyde emissions
in both versions of the engine due to oxidation of residual
aldehydes in the exhaust.

Conclusions

The aldehyde emissions at peak load decreased by 15-20%
with the change of the engine configuration from
conventional version to copper (catalytic) coated engine
with alcoholic fuels. The aldehyde emissions increased by
45- 50% with the change of fuel from gasoline to alcohol-
blended gasoline in both versions of the engine. They also
increased by 6-7% with the change of compression ratio
from 8:1 to 9:1. They decreased by 20- 25% with the
change of speed from 2800 rpm to 3000 rpm with different
test fuels in both configurations of the engine under
different operating conditions of the catalytic converter. An
air injection decreased the aldehyde emissions by 20% with
alcohol blended gasoline in comparison with pure gasoline
operation with the same configuration of the engine. Thus,
the catalytic oxidation of alcoholic fuels in the combustion
chamber and aldehydes in the exhaust decreases
considerably.Thus, the catalytic oxidation of alcoholic fuels
in the combusiton chamber and catalytic oxidation of
aldehydes in the exhaust by the catalytic converter
decreases the emissions considerably.
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