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Abstract: The present study is experimentation, not only on CI engine but also conducting experiment
on CI engine running on HCCI mode operation without using exhaust gas recirculation and with using
exhaust gas recirculation and comparing the emissions of both such as the Oxide of Nitrogen (NOx),
Oxides of carbon (CO), carbon dioxide (CO,), Un-burnt hydro-carbons (HC)etc., These values are
measured and compared under various conditions and plotted for easy understanding of effect of EGR
on engine emissions. This paper focused on part load and full load emission comparisons for CI and
HCCI mode operations with and without using exhaust gas recirculation. So separate experiments
conducted and readings are recorded.
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1. Introduction

As we know engine emissions are the important parameter to evaluate the running conditions of the
engine, not only in environmental point of view but also on human health. The emissions indicate how
well the combustion process and it exhaust concentrations from combustion and also how good
working condition of the engine. The present study is conducting experimentation, not only on CI
engine but also CI engine running on HCCI mode of operation and comparing the emissions of both
such as the Oxide of Nitrogen (NOx), Oxides of carbon (CO), carbon dioxide (CO,), Un-burnt hydro-
carbons (HC). These values are measured and compared under various conditions and plotted graphs
for easy understanding of engine emissions. It is my small effort to know emission comparisons for CI
and HCCI mode operations using exhaust gas recirculation.

2. Measurement of Exhaust gas emissions

Table-1 specifications of Multigas analyser

MEASURMENT RANGE RESOLUTION
CO 0-9.99%vol 0.001%vol

HC 0-15000PPM 1PPM

CO» 0-20%vol 0.01%vol

0} 0-25%vol 0.1%vol

NOx 0-5000PPM 1PPM vol
Engine RPM 500-6000RPM 1RPM

Oil Temperature 0-150°C 1°
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Lambda(}) 0.200-2.000% 0.001

Figurel. Exhaust gas analyzer

Exhaust gas analyzer type NM-05 of five gas version is used in this experiment which will analyze the
emissions of NOx, CO,CO, ,HC and O, gases. This is a multi gas analyser of MARS make which can
analyze five gases and it works based on infrared spectroscopy technology with signal inputs from an
electrochemical cell. It is a Non-dispersive infrared measurement technique with signal inputs from an
electrochemical cell which uses for measurement of CO, CO; and HC gases. The following are the
specifications of Mars make Multi-gas analyser MN-05

3. Comparison of emissions under part load and full load using EGR
3.1 Nitrogen oxide (NOx):
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Figure2: NOx Vs BP at CI & EGR CI

NOx emissions are lower than the normal CI condition using exhaust gas recirculation for
both condition of CI and EGR-CI. Using exhaust gas recirculation NOx emissions are reduced at full
load when compared with part load.
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The following figure shows the comparison of NOx for three test conditions, it shows with
increasing brake power the emission of NOx is decreasing for all three test conditions of normal CI,
EGR-CI and HCCI.
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Figure3: NOx Vs BP at CI, EGR-CI& HCCI
4. Nitrogen oxide (NOx) with EGR

Figure4.0 gives the picture of the NOx emissions at part load and full load conditions at all the
test conditions. Test one is emissions of NOx under normal CI condition at full load and part load. Test
two is emission of NOx under the running condition of normal CI engine using exhaust gas
recirculation at part load and full load and third condition is running of modified CI engine in the mode
of HCCI condition at part load and full load.

. It was observed for all three test conditions CI,EGR-CI and HCCI the NOx emissions at full load is
lower than the part load condition and also the emission of NOx is lower than CI and HCCI at part load
using exhaust gas recirculation.
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Figure4: NOx Vs BP at CI & EGR HCCI
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Comparison of NOx emissions under three test conditions of CI, HCCI and EGR-HCCI is for
Part load is 50% load on the engine and full load is 100% load on the engine. The NOx emissions are
expressed in parts per million. NOx emissions at part load is higher for CI mode running.It shows the
NOx emissions for HCCI condition at part load is higher than full load condition. The emissions of at
full load condition shows NOx emissions are decreasing with the increased substitution of exhaust gas
recirculation and also emissions of NOx at all substitution of exhaust gas recirculation is higher at part

load

4.1 Carbon monoxide (co):
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FigureS: CO at CI, EGR CI and HCCI

For all test conditions the emissions are higher at part load copared to for full load conditions.
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Figure 6: CO at CI and EGR HCCI
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At all the test condition the CO emissions are higher at part load when compared with full load
condition. At part and full load conditions CI engine emissions are higher than emission of HCCI and
emissions are decreasing with the increase of exhaust gas recirculation.

4.2 Carbondioxide (CO>)
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Figure7: CO:z at CI, EGR CI and HCCI

CO; emissions are higher at full load for normal CI condition. it is also showing CO, emissions are
higher at full load of EGR-CI condition and the third is CO, emissions of HCCI test condition also at
full load is higher than part load for HCCI condition. on these three test trail, emissions of CO; is
higher at full load then the part load.
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Figure8: CO2 Vs BP at CI and EGR HCCI
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In all above cases the emissions of CO; is higher at full load than part load and also CO» emissions are
increasing with the increased flow rate of exhaust gas recirculation which is higher at 18% of EGR on
HCCIT test condition with full load and lower for CI engine test condition at part load.

4.3 Hydro carbons (Hc):
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Figure9: HC at CI and HCCI

At Part and full load EGR-CI engine hydrocarbon emission with exhaust gas recirculation is lower
than the emission of normal CI and HCCI without using exhaust gas recirculation. In all three cases
the emissions at full load condition is lesser then part load condition.
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Figurel0: HC at CI and EGR HCCI

HC emission for CI test condition is higher at part load and for full load test condition and for EGR-
HCCI condition at part load with exhaust gas recirculation emissions are higher than full load the with
exhaust gas recirculation. for all these conditions the emissions of HC is higher at part load and also
shows with increased rate of exhaust gas recirculation the emission of hydro carbons are decreasing.

5. Comparison of HCCI Engine results with and without EGR
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The NOx emissions of normal CI are higher than HCCI condition. NOx emissions of HCCI
condition is 8% lower by median value and it is nearer to EGR-CI condition. With 18% EGR on HCCI
condition NOx emissions are much lower(9%) than normal CI and EGR-CI condition

Up to 66% of brake power CO emissions of HCCI condition is 11% lower by median value
than normal CI condition, there after it will increase with increase of BP. With the substitution of 18%
EGR on HCCI condition at part load there is a drop of 10% CO emissions and it is increasing at higher
loads.

CO; emissions are higher when CO emissions are lower for both CI and HCCI condition. CO;
emissions of HCCI is higher than EGR-CI condition. At higher load using 18% of exhaust gas
recirculation on EGR-HCCI there is a drop of 10% CO; emissions ,it indicate increasing of carbon
monoxide.

HC emissions of HCCI condition is 8% lower than normal CI condition at lower load. With
the use of 18% EGR on EGR-HCCI engine there is a drop of 7% HC emissions and increasing
marginally at peak load.

6. Conclusions

e The NOx emissions decreases with the use of EGR, at 18% EGR on HCCI mode, NOx emissions are
much lower than normal CI and EGR-CI modes.

e At part load of HCCI mode CO emissions are lower by median value than normal CI condition. With
the substitution of 18% EGR on HCCI condition at part load there is a drop of 10% CO emissions.

e  CO; emissions are higher, when CO emissions are lower for both CI and HCCI modes. An emission of
CO, for HCCI is higher than EGR-CI mode. At higher load using 18% of exhaust gas recirculation on
EGR-HCCI there is a drop of 10% CO- emissions, which indicate increasing of carbon monoxide.

e  When CO; emissions are higher, it appears CO emissions are lower for CI and HCCI engines. At
higher load using 18% of exhaust gas recirculation on EGR-HCCI there is a drop of 10% CO>
emissions ,it indicate increasing of carbon monoxide and less efficient combustion.

e HC emissions of HCCI mode are lower than normal CI condition at lower load. But with the use of
18% EGR on HCCI engine there is a drop of 7% HC emissions and after it is increasing marginally at
peak load.
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