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Abstract This paper reports the results of an experimental investigation on the effect of the EGR on
the pollutants emission, especially on oxides of nitrogen, from the exhaust gases and performance of the
spark ignition engine. Also along with experimental work, a mathematical model for the determination
of the effect of EGR on the peak cycle temperature and for the prediction of its effect on the NO_emission
is constructed. The results of theoretical calculation show how peak temperature of theoretical cycle
decreased with increasing of the recycling gas percentage. Tests were conducted on a four stroke petrol
engine used in passenger cars. The experimental investigations show that NO_emission decreases with
increasing of the percentage of the recycling gas. At 9% recycling, 73% of NO_emissions decreased at
EGR valve opening 360 degrees. Brake specific fuel consumption and brake power are changed
negligibly.
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INTRODUCTION

In the internal combustion engines decreasing of the
pollutants emission from the exhaust gases is always
regarded an important problem.

IC engine produces several pollutants in the form
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of NO_, CO and HC. Among these pollutants, oxides
of nitrogen (NO,) are highly toxic. NO_ is emitted
from petrol engines, diesel engines and gas turbines.
The peak combustion temperature in an SI engine is
of the order of 2800K and isideal for the formation of
NO,. About 90% of the oxides of nitrogen is in the
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form NO. Later, it gets oxidized to NO, in the
atmosphere.

Itis found that the contribution of NO_from petrol
engines (spark ignition) is muchmore compared with
the compression ignition engines.

Therefore, decreased emissions from the exhaust
gases of SI engines, especially NO_ emissions is a
more important problem. There are two ways to
control the NO_ present in an IC engine exhaust
gases: by controlling the formation of NO_by changing
parameters which reduce the peak combustion
temperature and by using a catalytic reactor in the
exhaust system. NO_ emission can be reduced by
changing the parameters such as excess aircoefficient,
ignition timing, compression ratio, etc.

However, exhaust gas recycling was found to be
a rational method of controlling the NO_emission at
the source [1,2]. So far, the effect of EGR on the
working process of the engines has been investigated
mostly experimentally.

Theoretical investigation of the effect of EGR on
the SI engine working cycle, especially its effect on
the peak temperature is considered an important
issue. In this work both theoretical and experimental

investigations are considered.

THE EXPERIMENTAL SET-UP

The engine used for comparative experimental

investigation was a four stroke SI engine, typical data
of which are given in Table 1.

Figure 1 shows the schematic diagram of the
exhaust gas recycling system of the engine. ‘

The test bench was equipped to measure the brake
horse power generated, speed, fuel consumption, air
consumption and exhaust temperature.

An EGR system comprises an exhaust
accumulator, two flexible tubes, exhaust surge tank,
EGR valves, and a heat exchanger. An orifice meter
desinged to meter the exhaust gas and connecting
pipes.

A portion of the exhuast gas from the exhaust
accumulator passes through the flexible tube. Then
the exhaust gas enters a surge tank to dampen the
pulsations of the exhaust gas that is being recycled so
that the quantity of the recyling gas may be measured.
Exhaust gas can be cooled in the heat exchanger for
condensation of the water vapour. From surge tank
the gas passes through an orifice meter. The gas flow
can be controlled by an EGR valve provided on the
upstream side of the orifice meter. The pressure drop
across the orifce meter is measured by micro
manometer. From the orifice meter, the gas enters a
flexible tube under the carburetor. Tests were
conducted without cooling the exhaust gas with
variousEGR valve openings. The speed characteristics
of the engine were drawn at 100% and 50% load with
EGR valve openings of 180 and 360 degrees.

TABLE 1. Typical Data of the SI Engine.

Type Gasoline engine, four-stroke, overhead camshaft

Cylinder number 4 in line

Diameter of cylinder (mm) 89

Piston stroke (mm) 96

Displacement (Cm3) 2389

Max Power (hp/rpm) 105/4800

Max torque (kgm/rpm) 19.1/2400

Compression ratio 83to1

Fuel system Down draft type two barrel single
| I Carburetor, mechanical fuel pump
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MATHEMATICAL MODEL OF THE
THEORETICAL CYCLE OF THE ENGINE
WITH EGR

Theoretical investigations on the effect of EGR on
the working cycle of the SIengine were conducted by
a mathematical model which is based on the first law
of thermodynamics, equation of state of ideal gas and
the volume of cylinder; namely.

volume and heat loss is ignored.

3. Quantity of air-fuel mixture decreases with
increase inpercentrecycling and excess air coefficent
remains almost constant.

The temperature of the mixture in the cylinder at
the end of intake process can be determined by the
equation of total internal energy of mixture.

U =U_+U_, +Ur 4)

mix

dQ =dU + pdV ¢)) In the final form the expression for the temperature of
mixture can be written as:
d(pV) = d(MRT) @
T1= (a'facvfana + aEGRCvEGRTEGR + arcvrTr)/ (1 + ar) Cvmix
V =1(6) 3 (5)
Where
Assumptions:
1. Compression process is adiabatic and index of o =M/M .
adiabatic is variable. = Mo
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Figure 1. Schematic diagram of the exhaust gas recycling system of the engine.
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The temperature of the mixture in the cylinder at
the end of the compression process was determined
by the equation of adiabatic process

TV¥*!= const 6)

The peak temperature of the theoretical cycle was
determined by the equation (1). In the final form, the
expression for the cycle peak temperature can be
written as:

(H - AH)gfc/Mmi.x pis CvmixT2= “’CVEGT3 Q)

The mathematical model also gives possibility of
calculation of another parameters of the theoretical
cycle.

DISCUSSION OF THE RESULTS

Figure 2 shows the results of the calculation of the
effect of recycling on the temperature at the end of
compression stroke, the cycle peak temperature and
the adiabatic index.

It is seen from this figure that, with increasing the
percentages of the EGR, the temperature at the end
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Figure 2. Results of calculation of the effect of recycling gas on
the temperatures of the theoretical cycle and adiabatic index.
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of compression stroke and the maximum temperature
of the theoretical cycle are decreased.

For example at 10% of the recycling gas about
6.5% peak temperature is decreased.

Decreasing the maximum temperature of the cycle
is caused by the decreasing of concentration of the
fuel in the mixture, also by increasing specific heat
with the increase in recycling gas.

Decreasing the temperature at the end of
compression processis caused by decreasing adiabatic
index which is due to the increasing of specific heat
with the increasing of recycling gas.

In Figure 3, at 100% load brake specific fuel
consumption (bsfc) increases with increase of the
recycling gas. At 7% when recycling, bsfc increases
to 13.3% at 4500 rpm, there is some loss of power as
well.

Loss of power increases with increase in
percentage of recycling, as a result of increased
dilution of the mixture, which leads to improper
combustion. At 9% recycling power decreases to
8.2% at 4500 rpm.

Figure 4 shows the effect of EGR on the NO , CO
and HC emissions.

It can be seen that NO_ emission decreases with
increase in percentage of recycling gas.
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Figure 3. The effect of recycling gas on the engine performance
at 100% load.
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Figure 4. The effect of recycling gas on the NO, CO and HC emissions at 2000 rpm.

Decreasing of the NO_ emission is caused by
decreasing peak combustion temperature due to late
burning of the mixture, and decreasing of the oxygen
combustion. At 9% recycling about 73% reduction of
the NO_emission was achieved at 4500 rpm.

Figure4indicates that withincreasing the recycling
gas, CO and HC emissions are increased This is
obviously caused by incomplete combustion of the
charge due to dilution with exhaust gas.

CONCLUSION

1. Results of the calculation using mathematical
model indicate that, withincreasing percentage of the
recycling gas, the maximum temperature of the
theoretical cycle of the engine is decreased. At 10%
of the recycling gas about 6.5% peak temperature is
decreased.

2. EGR system gives a possibility of decreasing
NO_ emission. EGR controlled 73% of oxides of
nitrogen at 9% recycling.

3. Decreasing of the NOx emission is obviously
caused mainly by decreasing peak combustion

temperature and decreasing of the oxygen
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concentration.

4. Brake specific fuel consumption increases and
power decreases with increasing of the percent of the
recycling gas.

5.NO, emissiondecreases with decrease in speed.

6. The excess air coefficient approximately remains
constant with increasing of the EGR.

7. EGR is a promising method of decreasing the

NOX emission.
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NOMENCLATURE

Q = heat, J

8. = cyclic mass of fuel, kg
U = Internal energy, J

T, = peak temperature, K

P = Pressure, MPa
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K = coef. of change of moles

V = volume, m?

M, = mole quantity of residual gas

R = gas constants, J/mol K

M . = total mole quantity

k = adiabatic index of mixture,

T, = temperature of mixture, K

H = lower calorific value of fuel, J/kg

6 = crank angle, degrees

AH = heat in combustions, J/kg

o, = portion mole of air-fuel mixture

c, .. = specific heat of mixture, J/mol K

o= portion mole of residual gas,

¢, .= specific heat of air-fuel mixture, J/mol K
o= portion mole of exhaust gases

¢, = specific heat of residual gas, J/mol K

T,, = temperature of air-fuel mix. K.

¢, = specific heat of exhaust gases, J/mol K

T, = temperature of residual gas, K

120 - Vol. 11, No. 2,May 1998

M, = mole quantity of air-fuel mixture

T, = temperature of exhaust gases, K
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