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Graphical abstract Abstract

Infernal combustion engines are the main power source for automobile vehicles. As
current emission regulations becomes more stringent, more fuel efficient and less polluting
engines are becoming the focus of car manufacturers. This paper presents the study of
improving the performance of K3-VE 14 internal combustion engine that is used in the
Perodua Myvi for the Perodua Eco-Challenge 2013. The strategy was to use an EGR system
to reduce Brake Specific Fuel Consumption (BSFC) while maintaining or increasing the
engine power. The effects of different location of EGR on the engine performance were
tested on a chassis dynamometer. The sensitivity of the engine performance and gas
emission were studied since EGR implementation plays a major role in influencing NOx
emission. The performance parameter such as engine power and BSFC were then
analysed. The result shows that a significant increase of power can be achieved and a
reduction of around 56% was obtained on the BSFC. While the best NOx reduction was
around 93%. These improvements are obtained at low RPM that corresponds to Perodua
Eco-Challenge’s objective.
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1.0 INTRODUCTION

Currently, many researches are focused on
improving engine performance while reducing fuel
consumption. This is due to severe regulations on
emission such as the EURO 6, allowing only 1.0 g/km
of carbon monoxide (CO) and 0.06g/km of nitfrogen
oxides (NOx) to be emitted [1]. By creating more fuel
efficient engines, less fuel will be used resulting in
reducing atmospheric pollution. One of the strategies
to increase the engine performance is by using the
exhaust gas recirculation (EGR) system [2]. Other
method used involves implementing swirl generator
to create high velocity evaporation and air intake
tank to increase intake pressure [3,4].

In the EGR system, downsfream exhaust gas is
recirculated into the intake manifold. Thus, some of
the unburned fuel can be re-used in the engine.
Exhaust gas recirculation system on gasoline engine is

primarily to reduce throftling loss at part load range in
order to reduce fuel consumption and secondly, to
reduce NOx emission level [5]. This reduces the
oxygen (O2) concentration and dilutes the intake
charge, and reduces the flame temperature inside
the combustion chamber which will simultaneously
reduce the NOx formation [6].

NOx is well known to form at high temperatures and
in an oxygen rich environment. NOx consist of nitric
oxide (NO) and nitrogen dioxide (NO2) which are
both dangerous to humans and the environment.
The emission of internal combustion engine contains
more NO than NO2, but NO will be oxidized quickly
aofter entering air, transforming intfo NO2. The
formation of NOx originates from thermal reaction of
N2 and O2 in the air in high temperature combustion.
NO is formed inside the combustion chamber in post-
flame combustion process in high temperature
region, three principal reactions described by
extended Zeldobich Mechanism [7]:
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In this sfudy, the objective of the EGR
implementation is to reduce the fuel consumption
and atf the same fime to increase the engine power
at low RPM for city driving. This correlates to the
objective of Perodua Eco-Challenge 2013 (PEC2013)
where the car is driven in an urban tfrack with
obstacles to gain the longest distance with a
specified amount of given fuel. However, NOx
emission will also be studied seeing as they affect the
environment directly.

The characteristic of exhaust gas is different along
the exhaust pipe due to the presence of catalytic
converter. In order to determine the best position to
increase the engine performance, three exhausts
tapping: one before the catalytic converter (Tapping
1); second in the middle of the catalytic converter
(Tapping 2) and finally after the catalytic converter
(Tapping 3) were investigated and analysed. The
effect of several EGR valve opening (EGR
concentration) on the engine performance and fuel
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a. EGR flow diagram

consumption were measured on the chassis
dynamometer. Gas analyser were used to analyse
the emission effect.

2.0 EXPERIMENTAL SETUP
2.1 EGR Setup

Exhaust gas were collected from three different point
of interest one at a time and will be redirected info
the distributor. The distributor will distribute the
exhaust gos info each intake hole through the
separator. The fresh air intake will mix with the
recirculated exhaust gas before entering the
combustion chamber in between the intake
manifold and the engine intake hole. A valve is
located between the tapping point and the
distributor to control the flow of the recirculated
exhaust gas. All this can be seen in Figs. 1a and 1.b.
For the experiment, the car used a UK spec Myvi with
1.3L K3-VE 14 engine. Table 1 shows the summary of
the engine specifications.

b. Position of Tapping

Figure 1 EGR Setup

Table 1 Engine specifications for 1.3L K3-VE, UK spec Myvi

Engine Type Water-cooled, 4-cycle, in-line 4-
cylinder

Valve DOH

Mechanism DWVT

Total 1298 cc

Displacement
Maximum output
Maximum Torque

64 kW @ 6,000 RPM
116 Nm @ 3,200 RPM

Table 2 Experimental Parameter

Parameter Value
Start RPM 2000 RPM
Finish RPM 6000 RPM
System master Master on front

Wheel diameter 580 mm
Drive ratio 5.012

2.2 Data Collection

Two equipment were used to collect the necessary
data for the experiment; a dynamometer to collect
power and torque data of the car engine and a gas
analyser to collect exhaust gas emission data.
Chassis dynamometer with direct coupling was used
to eliminate wheel slip effect. Parameter of the
experiment was setup info the Dynapack
dynamometer software as per Table 2. Data for 2250
RPM fo 5000 RPM was recorded for every run. Fuel
consumptfion is monitored using a graduated
modified beaker as an external tank. Each run is
repeated five times and the average result is used as
the final values.
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3.0 RESULTS AND DISCUSSION

Before the EGR experiment, a baseline test was
performed for data comparison. For each tapping,
different opening of the valve was tested; this was
also to evaluate the influence of exhaust gas

quantity.
3.1 Performance Analysis

The main objective of the EGR system is to optimise
the Brake Specific Fuel Consumption (BSFC) without
reducing power.

3.2 Tapping 1

Fig. 2 and 3 compares the engine Power and BSFC to
the baseline data. The power curve shows that
overall power increase occurs below 3250 RPM for
different EGR valve opening. Maximum engine
power increase of 85% was recorded at 2500 RPM. A
significant improvement of the BSFC is observed
during low engine speed operation for the three
valve opening. This result correlates with another
finding by Deepak et al. [?], where at higher RPM,
more fuel is injected while the amount of oxygen is
reduced and in turn changes the air fuel ratio which
reduces the BSFC. A maximum reduction of BSFC is
documented approximately 56% at the engine
speed of 2750 RPM.
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Figure 2 Comparison of Engine Power between Baseline
and EGR Tapping 1
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Figure 3 Comparison of BSFC between Baseline and EGR
Tapping 1
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3.3 Tapping 2

In the middle of the catalytic converter, 4 opening
of the valve only reduces engine power; this can be
seen in Fig. 4. Nevertheless, an increase in engine
power can be seen before the 3250 RPM mark for the
other two openings. Here a gain of é67% in engine
power can be observed at 2500 RPM with full
opening of the valve. In Fig. 5, BSFC has the same
characteristic as in Tapping 1, but the Y4 opening
becomes impractical after 2500 RPM. Best reduction
in BSFC is 50% for full opening at 2500 RPM
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Figure 4 Comparison of Engine Power between Baseline
and EGR Tapping 2
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Figure 5 Comparison of BSFC between Baseline and EGR
Tapping 2

3.4 Tapping 3

From Figs. 6 and 7 the engine power and BSFC for Y4
valve opening has very similar trend with the tapping
at position 2. This time the maximum engine power
improvement and BSFC saving is observed during full
valve opening at 2500 RPM. The achieved engine
power is very significant and the BSFC has reduced
as much as 54%.

In order to profit the best increase in engine power
and reduction in BSFC, the system should only
operate af low RPM, from 2750 RPM and below.
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Figure 6 Comparison of Engine Power between Baseline
and EGR Tapping 3
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Figure 7 Comparison of BSFC between Baseline and EGR
Tapping 3

3.5 Emission Analysis

From multiple research before this, it is shown that the
effect of EGR will reduce the amount of NOx
emission, the more percentage of EGR used will
reduce NOXx [8,9,10]. From Fig. 8, 9 and 10, the overall
frend show a decrease in NOx measurement as the
engine RPM increase, except for the quarter opening
at tapping 2. Since the quantity of O2 is insufficient at
high RPM like explained before, this reduces the
flame temperature and thus reduce the amount of
NOx [8]. The value reveals an increase in value for
almost all the EGR opening for any valve opening
compared to the baseline. For Tapping 1, the best
was with the full opening of the valve but only
between 1000 to 3000 RPM. Tapping 2 show no
improvement of NOx emission compared to the
baseline and recorded a maximum increase of NOXx.
The third tapping give best result with 4 valve
opening with a decrease of 93% in NOx emission at
2000 RPM
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Figure 8 Comparison of NOx between Baseline and EGR
Tapping 1
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Figure 9 Comparison of NOx between Baseline and EGR
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Figure 10 Comparison of NOx between Baseline and EGR
Tapping 3

4.0 CONCLUSION

mprovements of the Power and fuel consumption
succeeded for under 3000 RPM, this is sfill valid for city
driving where there a lot of stop-and-go and meets
the purpose of PEC2013. Improvement gain is 100% in
term of engine power and around 56% of reduction
in BSFC. Using Mass Specific Index (g/kW.h) as
comparisons for NOx to the baseline would have
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been better since the EGR recirculate some of the
exhaust gas. But this requires the mass flow rate of the
exhaust gas which was unable to be measured with
the chassis dyno setup.
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