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Abstract: This paper presents the experimental test results of single cylinder high compression engine
fuelled with compressed natural gas. The engine uses central direct injection with high pressure injector
system which is known as Compressed Natural Gas Direct Injection (CNGDI) engine. This initial
experiment on a single cylinder CNGDI engine is to investigate the feasibility of the CNGDI engine with
different piston crown shape. The performance of two piston crown shapes for (i) homogeneous (ii)
stratified combustion was investigated. The start of injection (SOI) timing for each piston was varied
between 120° before top dead centre (bTDC) to 220° bTDC to study it combustion response at various
engine speed. SOI laid between 120° bTDC to 180° bTDC, which produced a constant power and torque.
The experimental results have shown; (i) ignition timing has to be advanced and (ii) the best injection
timing is at 120° BTDC to 180" bTDC to achieve a good performance. For homogeneous charge
combustion operation engine, the injection timing was set at early of compression stroke to ensure the

better fuel/air mixing.
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INTRODUCTION

The search of alternative fuels is becoming a major
concerned worldwide. This is due to few obvious
reasons; an increased of oil price, a declining trend of
oil production globally, health-issues due to pollution
and an alarming global climate change. One of the
most affected industries due this current situation is an
automotive sector. Automotive sector is one of the
highest contributions to pollution and global warming.
Thus, the demand for alternative fuel is always a
burning engine has been
acknowledged for having an almost zero emission but
lacked of power and torque as reported by many
researchers worldwide [*’). However, to keep the
output power and torque of natural gas engine
comparable to gasoline or diesel counterparts, a high
boost of pressure should be used ™. In terms of
exhaust emission reduction, high activity of catalyst for
methane oxidation and lean NOx system or three-way

issue. Natural gas

catalyst with precise air-fuel ratio control strategies
should be developed to meet future stringent emission
standards.

Malaysia Energy Centre (PTM) has estimated that
in year 2030, there major industries that contributes to
CO, emission; (i) electricity 49%, (ii) transportation
28% and (iii) industry 20%, . The percentage
indicates the automotive industry will be the second
biggest contributor towards global emission. A study
conducted by World Energy Council, (WEC) on the
energy demand and the availability of energy has
shown that the trend of natural gas consumption
estimated to increase in contrast to oil consumption
during the period of 2005 to 2025, 7%, The ratio of
natural gas to production worldwide
estimated to be 62 years, compared to oil ratio, 38
years as depicted in Figure 1 U,

Natural gas is regarded as one of the most
promising alternative fuels and probably the cleanest
fuels. Natural gas vehicles (NGVs) typically offer
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greenhouse gas reductions as much as 30%. With
climate change now firmly on the agenda at all levels
of society, NGVs offer an economic and environment
advantage unmatched by any other fuel. It also has
been noted that is has high-octane value, a good cold-
starting characteristics that cause less wear on engine
and the vehicle can be fueled at home, """\

The objective of this study is to examine the
potential of CNGDI with two shapes of piston crown
(i) homogenous (ii) stratified. The outcome of this
initial experiment will be used as a benchmark of
multi-cylinder engine of CNGDI.

1.1 Spark Ignition CNG Fuelled Engine: Spark
ignition engine, uses more volatile gasoline fuel, has
compression ratios between 8 and 11 while the
compression-ignition requires typically 18 to 21 to
accomplish its combustion process. The compressed
ignition engine uses heating air during compression
stroke to vaporize a liquid fuel and heat the vapor to
its self-ignition temperature. Such heating processes
take time. A practical mechanism that can be used to
speed the process up is to raise the heat transfer rate
between the hot air and the cold fuel droplets by
increasing the relative velocity between these two
fluids. This presents two options (1) either have fuel
droplets that move rapidly through the air, or (2) have
slower-moving fuel whirled by faster-moving air. The
first option gives rise to the direct-injection and the
second to the indirect type. One significant
characteristic of natural gas is the flammability limit as
tabulated in Table 1. Natural gas has high flammability
limit compares to gasoline and diesel, thus requires
high energy of spark ignition for combustion.

Yusoff A and Muthana I, "*! were conducted a
study on the potential of high-pressure injection by
using flat piston crown. They have tested a single
cylinder, 20-bar central direct injection system, high-
energy spark plug with 14:1 compression ratio of CNG
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fuelled engine. The result shows that high-pressure
injection system produced higher torque and power
compared to low-pressure system. It also has an
advantage of low fuel consumption.

A similar study was carried out to examine the
influence of fuel spray angle of CNG into the cylinder,
31 Wide spray angle (70°) was produced good engine
performance compared to narrow spray angle (30°). The
experiment was conducted with injection timing of
40°bTDC and ignition timing of 18° bTDC. The air-
fuel ratio was controlled at stochiometric over a wide
range of engine speed.

In conclusion, the results have shown a
combination of high-pressure injector (20 bars) and 70
degrees spray angle has shown high torque and high
power engine. Therefore, from outcome of these
investigations, it is suggested in order to obtain a good
CNGDI engine performance, two criteria of injector
will be used;

1. Wide spray angle 70°
2. High-pressure injector 20 bars.

2. 0 Experimental Setup: This experimental work was
carried out at Universiti Teknologi Petronas, Tronoh,
Perak. The experimental setup is shown in Figure 2.
The laboratory consists of a control room to monitor
the engine operation and one room for the engine
under testing. A 20 bar pressure is applied to the
injector, which is located at the centre of the cylinder
head. The engine compression ratio is 14 and the
engine specification as tabulated in Table 2.

The engine management system of CNGDI fuel
system was configured to deliver controlled and
accurate of CNG at specific pressure and timing. The
pressure and timing were based on the required
mapping of the engine demand. It also delivers
characterized spray angle for rapid fuel mixing to
ensure the engine operates properly without any shot
circuit of the air intake. The system consists of a filler
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Table 1: Selected common fuel property "

Property Natural gas Gasoline Diesel
Flammability Limits (Volume % In Air) 5-15 1.4-7.6 0.6-5.5
Auto-Ignition Temperature ('F) 842 572 446
Peak Flame Temperature ('F) 3432 3591 3729

Table 2: Specification of the Engine Model

Engine parameters Value

78 x 84

131

1596 (4 Cylinders — Inline)
14:1

2000

12° before TDC

48° after BDC

45° before BDC

10° after TDC

Bore x Stroke (mm)
Connecting rod length (mm)
Displacement (cm’)
Compression ratio

Engine speed (rpm)

Intake valve open (° CA)
Intake valve close (° CA)
Exhaust valve open (° CA)
Exhaust valve close (° CA)

Fig. 2: Single Cylinder Engine Test bed

Fig. 3: From left: Stratified crown and Homogenous
crown

valve, CNG tanks, a high pressure fuel line, a pressure
gauge, a pressure regulator, a low pressure fuel line, a
fuel rail and an injector. CNGDI injectors based on the
Synerject Strata injector with modified spring preload
for operation at 2000 kPa. The Strata family of air
injectors is designed to minimize package size, while
maximizing commonality and flexibility for use across
a wide range of applications

Two different piston crowns namely stratified and
homogenous were tested to realize the combustion in
the cylinder as illustrated in Figures 7.
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RESULTS AND DISCUSSION

Besides mechanical approaches used to enhance the
engine performance, the engine management system
and its calibration technique are other important factors
need to be considered. By setting the ignition angle
and injection timings properly, the improvement in the
engine performance and emission level could be
achieved "*'*!. The best suited injection timing, ignition
timing, air-fuel ratio are few main parameter that
contribute to the enhancement of engine performance
[16.17]

A comparison of two different piston crowns as
demonstrated in Figure 3 has been investigated to
identify the potential of each piston crown. The
homogeneous crown has produced high torque
compared to the stratified piston crown as illustrated in
Figure 4. The maximum torque is 31.8Nm at 3000
rpm, compared to 24.65Nm for stratified crown. Thus,
the torque different is 7.15Nm for both piston. For
stratified crown, the torque is drastically decreased after
3000 rpm. The reduction of torque for stratified piston
crown is due to unstable combustion in the cylinder
especially during high speed. Fundamentally, when
stratified combustion is implemented the mixture
around the spark plug is most important. Fumitaka
Honjo et al " from Nissan Diesel Motor Co.Ltd, also
reported the power reduction of stratified combustion
when they developed stratified charged combustion
CNG direct injection engine.

In terms of the brake power as illustrated in Figure
5, the maximum power is 12.29 KW at 4000 rpm for
homogeneous but 6.5KW at 2500rpm for stratified
crown. An overallthe homogeneous piston crown may
provide good engine performance. Figures 6 and 7 are
another example of engine performance characteristic
for each piston crown. The start of injection timing
was varied from 120° bTDC until 230° bTDC and
ignition angle was set at 24° bTDC. The engine speed
was kept constant at 2000 rpm. The homogeneous
crown produces higher torque compared to stratified
crown shape. It also shows the torque curve decrease
as late injection is applied. The best start of injection
is between 120° bTDC to 180° bTDC. However, for
stratified piston crown, the variation of torque curve is
not so obvious. It seemed that the injection timing
might not influence the torque curve very much. The
power curve also has shown a decrement of power
when the late injection is implemented. The result has
shown that if the start of injection is set too late i.e
200° bTDC thus, the torque and power curve
decreased.
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Conclusion: The CNGDI is best suited with high- valves are closed.
pressure injection and has been proven by the
experimental test results. The experimental results ACKNOWLEDGMENT

demonstrate that the homogenous crown performance
higher than stratified crown. In terms of engine
performance, the homogenous crown has shown higher
torque and higher power. The main advantage of using
high-pressure injector is less fuel consumption can be
achieved where the fuel is to be injected directly into
combustion chamber after both intake and exhaust
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