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Abstract: Alternative fuels have been getting more attention as concerns escalate over exhaust pollutant emissions produced
by internal combustion engines, higher fuel costs, and the depletion of crude oil. Various solutions have been proposed,
including utilizing alternative fuels as a dedicated fuel in spark ignited engines, diesel pilot ignition engines, gas turbines, and
dual fuel and bi-fuel engines. Among these applications, one of the most promising options is the diesel derivative dual fuel
engine with natural gas as the supplement fuel. This study aims to evaluate diesel and dual fuel combustion in a di ethyl eater-
diesel dual fuel engine. More dual fuel engines are being utilized due to stricter emission standards, increasing costs of diesel
fuel and decreasing costs of di ethyl eater. Originally sold as diesel engines, these units are converted to di ethyl eater-diesel
fuel engines using an aftermarket dual fuel kit. As di ethyl eater is mixed with diesel, the amount of diesel used is reduced. The

maximum di ethyl eater substitution is limited by knock or emissions of carbon monoxide and total hydrocarbons.
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1. Introduction

The Spark-ignition and diesel engines in today's
automobiles contribute to the urban air pollution problem.
Oxide of nitrogen, hydrocarbons, carbon monoxide and
carbon dioxide are formed in the combustion chambers of
these engines and are emitted into the atmosphere. The
importance on controlling emissions from automobiles while
improving fuel economy has increased a substantial research
and development effort in pollution control. As a result,
control technology and the understanding of pollutant
formation mechanisms have developed rapidly during the
past decade.

To meet diesel vehicular exhaust emission norms
worldwide, several exhaust pretreatment and post treatment
technique have been employed in diesel engine. This project
aims the experimental investigation on performance and
emission characteristics of a single cylinder, four stroke
direct injection diesel engine. A counter flow heat exchanger
arrangement was provided for obtaining preheating and pre
heating with exhaust gas recirculation. The performance
parameters were studied with preheating, exhaust gas

recirculation and preheating with exhaust gas recirculation,
which are being used widely to reduce and controls the
oxides of nitrogen emission (NOx) from diesel engine.

In this investigation, experimental studies are made to
clarify the effects of EGR, pre heating and EGR with
preheating on combustion and emissions of a diesel engine.

2. Exhaust Gas Recirculation

Exhaust Gas Recirculation is an effective method for NO,
control. The exhaust gases mainly consist of carbon dioxide
(CO,), water vapour (H,0), nitrogen (N;), and oxygen (O,);
carbon monoxide (CO), hydrocarbons (HC), oxides of
nitrogen (NOy), and particulate matter (PM) are present in
significant quantities. The mixture has higher specific heat
compared to atmospheric air. Re-circulated exhaust gas
displaces fresh air entering the combustion chamber. As a
consequence of this air displacement, lower amount of
oxygen in the intake mixture is available for combustion.
Reduced oxygen available for combustion lowers the
effective air-fuel ratio.

This effective reduction in air-fuel ratio affects exhaust
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emissions substantially. The mixing of exhaust gases with
intake air increases specific heat of intake mixture, which
results in the reduction of flame temperature. Thus
combination of lower oxygen quantity in the intake air and
reduced flame temperature reduces rate of NOx formation
reactions. The EGR (%) is defined as the mass percent of the
re-circulated exhaust in the total intake mixture.

Mass of exhaust gas re circulated

EGR % =

Mass of inlet

Mass of exhaust gas re circulated

EGR % =

Mass of fuel+mass of air

The engines using EGR emit lower quantity of NOy
compared to non-EGR engines because part of the exhaust
gas is re-circulated. Thus even if the concentration of toxic
substances in the exhaust gas remains unchanged, the total
quantity of emission of toxic substances reduce for the same
volumetric concentration.

Diesel engines operating at low Loads and generally tolerate a
higher EGR ratio because re-circulating exhaust gases contain
high concentration of oxygen and low concentration of carbon
dioxide and water vapours. However at higher Loads, the
oxygen in exhaust gas becomes scarce and the inert constituents
start dominating with increased exhaust temperature. Thus, as
Load increases, diesel engines tend to generate more smoke
because of reduced availability of oxygen.

Combined Effect of Inlet Air Preheating With EGR

This investigation mainly focuses on reducing exhaust
emission and energy saving by investigating diesel
combustion with neat diesel fuel and a new attachment of
inlet air preheated with Exhaust Gas Recirculation system.
Experiment was conducted in a four stroke naturally
aspirated diesel engine with inlet air preheating attachment
and EGR system. Inlet air preheating and EGR were applied

3. Experimental Setup

A.D.C -- Analogto Digital Convertor
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to the experimental engine separately and also together to
observe their effects on engine performance. In this study,
engine exhaust gas temperature was used to preheat the inlet
air passing through a newly designed air preheating system.
In inlet air preheating attachment, a counter flow heat
exchanger was used to transfer heat from exhaust gases to
inlet air. It was found that combined effect of inlet air
preheating attachment and EGR system provided better result
on engine performance than individual effect. It was found
that at medium Load conditions, oxides of nitrogen, carbon
monoxide, engine noise, and brake specific fuel consumption
decreased when inlet air preheating and EGR were applied
together as compared to those during normal operations of
the engine.

Table 1. Engine Specification.

Single cylinder, vertical, four stroke

Type cycle, water cooled, compression ignition
diesel engine (TEXVEL ENGINE)

Bore in mm 85

Stroke length in mm 110

Rated power in kW 6.5

Loading Rope brake

Connecting rod length in mm 235

Compression ratio 18:1

Inlet valve open 4° before TDC

Inlet valve close 40° after BDC

Exhaust valve open 38° before BDC

Exhaust valve close 18° after TDC

Fuel injection starts 18° before TDC

Fuel injection ends 27° after TDC

Valve overlap 0.00249 sec

Rated speed 1500 rpm

Number of nozzle holes 3 holes

Fuel injection pressure 180 bar

Pressure
Transducer

Additive

F.L.P

Contrel

x — Valve
ese

! Filter wco

: Filter

O; Flow meter

Eddy Current
Dynamometer

Figure 1. Experimental setup.
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This experimental test conducted in single cylinder, direct
injection, water cooled, compression ignition engine. This
experimental setup is shown in figure 1. The mass flow rate
of the inlet charge and EGR percentage were obtained by u-
tube manometer. The preheating and EGR with preheating
was done by counter flow heat exchanger. The EGR system
was achieved by taking the exhaust gas from the exhaust
pipe.

The amount of exhaust gas recycling with inlet charge was
controlled by exhaust control valve. The three thermometers
were installed to measure inlet charge temperature, exhaust
gas temperature before recycling and exhaust gas
temperature after recycling. The probe of exhaust gas

analyser is inserted into the exhaust pipe for emission
measurement. The engine is loaded with rope brake
dynamometer. The required readings were taken by varying
the engine Load.
Experimental Procedure
Initially the engine was started by cranking and the de
compression lever was used for easy cranking.
* The engine is allowed to run and attain the steady state.
* The Load is applied in kg at each Load the time taken
for 25cc of fuel consumption is noted down.
* Governor adjustment is used to maintain the constant
speed of the engine at each Load
Exhaust Gas Analyser

Table 2. Exhaust Gas Analyser Specification.

Parameter Resolution Accuracy Range
Oxygen 0.1% +0.2% 0-21%
Carbon Monoxide 1ppm,mg/m’ +20ppm <400ppm 0-4000ppm,
+5% >400ppm 0-5000mg/m®
Nitric Oxide (optional 1ppm,mg/m’ +5ppm <100ppm 0-5000ppm,
+5% >100ppm 0-6700mg/m’
Nitrogen Dioxide (optional) 1ppm,mg/m’ +5% full scale 100ppm, 200mg/m’
Carbon Dioxide 0.1% +0.3% reading 0-99.9%
CO/CO; ratio 0.0001 +0.0001 0-0.9999
Carbon Monoxide, H, compensated 1ppm,mg/m’ +20ppm <400ppm 0-10,000ppm,
+5% <5000ppm
0-12,000mg/m’
+10% >5000ppm
Temp (Nett) 1.0°C/F +2°C+0.3% reading 0-600°C/32-1112°F
0-5000ppm
Hydro carbon 1ppm +5% of reading Over — range
10000ppm

+12ppm volume

The KANE 900 plus emission analyser has been adopted, it to be used for petrol, LPG and diesel powered vehicles. It can
measure carbon monoxide, oxygen, oxides of nitrogen (NOy), and unburned hydro carbons.

4. Result and Discussion

SFC (kg/kw hr)

——BASE

——5%EGR
10%EGR

e 1 S%EGR

Figure 2. Load Vs Specific Fuel Consumption for EGR.

Figure 2 represents comparison of specific fuel consumption with load for EGR and base line data. The brake specific fuel
consumption for 5% EGR is found to be decreased. when compard to base line data the specific fuel consumption for other

EGR is increased.
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Figure 3. Load Vs brake thermal efficiency for EGR.

Figure 3 shows that when the load increased the thermal efficiency is found to be increased for 5% EGR. The possible
reason for increasing thermal efficiency at 5% EGR is re burning of hydro carbons may be occured while using the exhaust gas
recirculation system. Thermal efficiency is found to be decreased for other EGR percentage when compard to with out EGR.
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Figure 4. Load Vs Combustion Efficiency For EGR.

Figure 4 represents variation of combustion efficiency with engine load for different EGR percentage. The combustion
efficiency is found to be high for all loads when using 10% EGR and 20% EGR when compared to base line data and 15%
EGR.

EMISSION GRAPH FOR EGR

LOAD Vs CO%

—4— BASE
=~ 5%EGR
- == 10%EGR
0 5 10 15 20 25 15%EGR
LOAD (kg)
Figure 5. Load Vs Carbon Monoxide Emission (CO) For EGR.
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LOAD (kg)

Figure 6. Load Vs carbon dioxide emission (CO,) for EGR.
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Figure 7. Load Vs Nitric oxide (NO) for EGR.
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Figure 8. Load Vs (NOx) for EGR.

Figure 5 and 6 shows that by using EGR the CO and CO, formation are found to be increased when compard to base line

data.

Fig. 8 shows the main benefit of EGR in reducing NOx emission from diesel engine. The degree of reduction of NOx is high

while using more EGR percentage.
PERFORMANCE GRAPH FOR PRE HEATING
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Figure 9. Load Vs Specific Fuel Consumption For Pre Heating.
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Figure 10. Load Vs Brake thermal efficiency for pre heating.
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Figure 11. Load Vs Combustion efficiency for pre heating.

Figures 9 and 10 are shows that the th specific fuel consumption is found to be increased and thermal efficiency is decreased
when pre heating the inlet air.

Figure 11 represents When pre heating the inlet air the combustion efficiency is increased for all loads
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Figure 12. Load Vs Carbon Monoxide Emission (CO) for Pre Heating.
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Figure 13. Load Vs Carbon Dioxide Emission (CO,) for Pre Heating.
300
£
[= R
£ 200
o] -4 BASE
=
100 == PRE HEATING
0
Figure 14. Load Vs Nitrous oxide emission (NO) for Pre Heating.
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Figure 15. Load Vs NOx emission for Pre Heating.

Figure 12 and 13 shows that by pre heating the CO and CO, formation are found to be increased when compard to base line
data.

Fig. 14 shows benefit of EGR in reducing NOy emission from diesel engine. The degree of reduction of NOy is high while
pre heating at high temperature.

PERFORMANCE GRAPH FOR PRE HEATING WITH EGR
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Figure 16. Load Vs Specific Fuel Consumption for pre heating with EGR.
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Figure 17. Load Vs Brake Thermal Efficiency for Pre Heating with EGR.
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Figure 18. Load Vs Combustion efficiency Efficiency for Pre Heating with EGR.
Figure 16 represents comparison of specific fuel Figure 18 represents variation of combustion efficiency

consumption with load for pre heating with EGR and base
line data. The brake specific fuel consumption is found to be
not so much variation with base line data.

Figure 17 shows that when the load increased the thermal
efficiency is found to be decreased for all pre heating with
EGR percentage.

with engine load for different EGR percentage. The
combustion efficiency is found to be high for all loads when
using pre heating with 5%EGR. when compared to base line
data Pre heating with 10% and 15%EGR gives high
combustion efficiency at 15 kg load condition.

EMISSION GRAPH FOR PRE HEATING WITH EGR
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Figure 19. Load Vs Carbon monoxide emission (CO) for Pre Heating with EGR.
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Figure 20. Load Vs Carbon dioxide emission (CO;) for Pre Heating with EGR.
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Figure 21. Load Vs Nitrous oxide emission (NO) for Pre Heating with EGR.

et BASE
== P H+5%EGR
=== P.H+10%EGR
i 0. H+15%EGR

4= BASE

== P H+5%EGR
=== P.H+10%EGR
e . H+15%EGR

4 BASE

== P H+5%EGR
=== P.H+10%EGR
e 0. H+15%EGR



10 Kirubadurai B. et al.: Innovative Survey on Dual Fuel Engine with Fuel Essences

LOAD Vs NOx

500
400
300
200
100

NOXx (ppm)

0 5 10

- —4—BASE
== 5%EGR
10%EGR
e 15%EGR
15 20 25

LOAD (kg)

Figure 22. Load Vs NOx emission for Pre Heating with EGR.

Figure 18 and 19 shows by pre heating witg EGR the CO
and CO, formation are found to be increased when compard
to base line data. Fig. 21 shows benefit of EGR in reducing
NOyx emission from diesel engine. The degree of reduction of
NOy is high while pre heating with EGR at high rate.

Comparison of Results

The performance and emission results are compared for
pre heating of the inlet air, exhaust gas recirculation and

combined effect of pre heating of the inlet with exhaust gas
recirculation are tabulated for engine operated at full Load
condition are shown in below. Here carbon dioxide and
carbon monoxide are increased with EGR, pre heating, EGR
with pre heating. The increase in CO and CO, emissions can
be reduced by adopting exhaust after-treatment techniques,
such as diesel oxidation catalysts and soot traps.
Performance Comparisons

Table 3. Performance comparisons.

Modified engine

Performance parameter BASE engine PH EGR P.H+EGR

) 5% 10% 15% 5% 10% 15%
Thermal Efficiency (%) 2491 23.32 25.83 24.45 23.0 239 23.06 23.5
Specific Fuel Consumption (kg/kW-hr)  0.344 0.364 0.331 0.350 0.44 0.357 0.37 0.36

The comparison of thermal efficiency and SFC for all data
sets using EGR, pre heating, EGR with pre heating and
baseline data are shown in below table 4. The thermal
efficiency is found to have slightly increased when using 5%
EGR. At full Loads, the Thermal efficiency is affected by
others like pre heating, EGR and EGR with pre heating. In
higher Loads the exhaust gas has higher amount of CO,,
which reduces maximum temperature in combustion chamber
along with oxygen availability therefore re-burning of Hydro

Carbon is not significant, so that the reduction in thermal
efficiencies are observed for other cases. However, at higher
engine Loads; SFC with 5% EGR is almost similar to that of
without EGR.

By considering the other factors is observed that at higher
Loads the amount of fuel supplied to the cylinder is increased at
higher rate and oxygen available for combustion gets reduced.
Thus, air fuel ratio is changed and this increases the SFC.

Emission Comparisons

Table 4. Emission comparisons.

Modified engine
Performance parameter BASE engine PH EGR P.H+EGR
) 5% 10% 15% 5% 10% 15%
NOx (ppm) 393 338 341 352 317 349 348 314
NO (ppm) 355 318 328 318 309 323 311 307
CO (% vol) 0.09 0.13 0.13 0.13 0.13 0.13 0.14 0.15
CO; (% vol) 9.4 10.2 9.8 10.2 10.6 10.2 10.6 10.9
1 combustion (70) 92.37 92.38 92.33 92.37 92.3 92.4 92.36 92.4
Table 4 shows the main benefit of EGR in reducing NOx
emissions from diesel engine. The degree of reduction in  §, Conclusion
NOx at higher Loads is higher. The reasons for reduction in
NOx emissions using EGR in diesel engines are reduced The following conclusions are made based on

oxygen concentration and decreased flame temperatures in
the combustible mixture.

experimental results.
* The thermal efficiency is decreased for EGR, pre
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heating, EGR with pre heating compared to base engine
due to reduction in availability of oxygen concentration
in the combustion chamber.

The specific fuel consumption for EGR, pre heating,
EGR with pre heating are increased compared to base
engine due to the reduction in oxygen content leads to
reduced the air fuel ratio hence the SFC is increased.
For all cases like EGR, pre heating, EGR with pre
heating the NOx emissions is reduced. The reasons for
reduction in NOx emissions in diesel engines are due to
reduced oxygen concentration and decreased flame
temperatures in the combustible mixture.

Exhaust after-treatment techniques will be adopted to
reduce the CO and CO, emission.
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