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Abstract: The diesel engine converted to compressed najiaml(CNG) engine effect is lower in
performanceProblem statement: The hypothesis is that the lower performance BGCengine is
caused by the effect of lower in engine cylindeessure. Are the CNG engine is lower cylinder
pressure than diesel engine? This research is cteditio investigate the cylinder pressure of CNG
engine as a new engine compared to diesel engiree lzseline enginéApproach: The research
approach in this study is by convert the dieselirentp multi point injection dedicated CNG engine.
The engine conversion is by changed the dieselttu€ING fuel, changed the injection fuel system,
changed the ignition system, modified piston touredthe compression ratio and added throttle to in
intake port. If the development is completed, thgiee cylinder pressure is investigated. In thislgt

the cylinder pressure is investigated in 7 casgmerspeed from 1000 to 4000 rpm with range in 500.
Results: The research results are cylinder pressure axéhman pressure of CNG engine compared to
diesel engine in 1000 to 4000 rpm engine sp&mhclusion/Recommendations. Effect of diesel
engine converted to CNG engine is decrease thadsiipressure. The further research is needed to
find the higher performance of CNG engine.
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INTRODUCTION for CNG operation to complete the whole combustion
before the exhaust valve opens, even if the gatuneix
The CNG engine is lower performance compare tovas ignited earlier. This can cause a further rédagn
diesel. The range for CNG engine is typically lieitto  the engine output of 5-10%.
about 40%-50% of gasoline fueled endiheSeveral For the Compression Ratio (CR), current gas
factors affecting the low engine power and torqueengine practice mainly limited to simple conversion
according to Bysvedh are loses in volumetric from either gasoline or diesel engines. For S| ees)i
efficiency, low flame speed, low compression ratio,the CR is in the range of 8:1-9.5:1. On the otfeand
absence of fuel evaporation and change in stoidhicne the CNG with higher octane rating allows engine CR
air/fuel ratio. increase up to 15:1. Increasing the CR would grtia
In the losses in volumetric efficiency, the powerincrease ideal efficiency and the power output
loss could be partly explained by the low densify o Ganesaf states that for the important compression
natural ga4'. The natural gas in the mixture drawn into ratio range of 9-11 the relative efficiency improwent
the cylinder displaces approximately 8-10% of oxyge is between 1-3% per unit compression ratio increase
available for combustion. In other words, CNG is it depending on cylinder size and operating conditions
gaseous state, decreases volumetric efficiencyhby t Absence of fuel evaporation of CNG engine is
same amount and consequently reducing performance when gasoline evaporates (required before combn)stio
For the flame speed, natural gas has a very lowhe energy required for the phase change decrease
flame speed, which is much lower than gasolineu¥al intake charge temperature and air partial pre$stire
as much as 60% decrease in lower burning velooity f The decrease in temperature offsets the decreaaie in
natural gas has been meastifedihis effect on the total partial pressure and results in a positive increase
combustion duration is prolonged compared withalies volumetric efficiency of about 2%. CNG does not
and gasoline. With the conventional valve timingevaporate before combustion, losing any potentah g
setting for liquid fuel engines, it would be impide  from the heat vaporization.
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The stoichiometric air/fuel ratio for gasoline is baseline diesel engine and multi point injection
about 14.6 while CNG is about 16.9 (methane is)17.2 (sequential) dedicated CNG engine spark ignitiom ar
indicating less CNG is required for a given airrgfga  conducted at Automotive Laboratory, Faculty of
Furthermore, CNG has a greater Lower Heating ValuéMechanical Engineering, University Malaysia Pahang,
(LHV) indicating more available energy for eachtwfi  Malaysia. The conversion data is shown in Table 1.
mass. LHV value of CNG is around 46,736 kJ'kg The new design and development in this engine
while the LHV for gasoline approximately 43,961 kJ research activities are the direct injection diefsel
kg™ The octane rating of natural gas is about 1308ystem changed to multi point injection (sequetial
meaning that engines could operate at compressidaNG system, reduce compression ration, compression
ration of up to 16:1 without knock or detonatfhn ignition converted to spark ignition, mechanicaklfu
Most importantly, natural gas significantly reduc®, control system changed to electronic fuel control
emissions by 20-25% compare to gasoline becausgystem. So, in the CNG injection fuelling systeire t
simple chemical structures of natural gas (pringaril Sequential port injection of compressed naturalfgab
methane-Cl) contain one Carbon compare to dieselinjector nozzle is changed to CNG injector. Theibas
(CisH3p) and gasoline (5H18)[4'61_ fuelling system management of four stroke direct

This study is focused on the engine conversiorinjection diesel engine is using mechanical fugllin
effect on the cylinder pressure versus crank aigle pump system and fuel injected directly to the eegin
variation engine speed. So, in this research theylinder. In this research, the fuelling system
characterization of cylinder pressure performanse imanagement of the engine will be changed to eleictro
pressure versus crank angle. Speed mode is the maantrol fuelling system management for CNG fuelling
commonly used mode of engine investigdfith System and the gas fuel is injected sequentialy vi
According td&*®! the cylinder pressure is defined by theintake port before intake valve. The illustratiolh o

Eq. 1 and 2: engine conversion is shown in Fig. 1 and 2.
V. m Table 1: The engine conversion specification data
P= Fr’nax(%] (1) Engine and intake parameter Diesel engine CNG engin
Bore (mm) 86.00 86.0
Stroke (mm) 70.00 70.0
Pox= P R+ P (2) Displacement (cc) 407.00 407.0
Compression ratio 20.28 14.5
Wh . Intake valve close (CA) 496.00 496.0
ere. . Exhaust valve open (CA) 191.00 191.0
P = Instantaneous cylinder pressure between Toptake valve open (CA) 361.00 361.0
Dead Center (TDC) and the transition point ~ Exhaust valve close (CA) 325.00 325.0
- ; i Ignition system Compression Spark
Prmax _'I\_Ag'élmum cylinder pressure or pressure atFuel injection system Direct Sequential
- Fuel Diesel Natural gas
V1pc = Cylinder volume at TDC Intake port diameter in (mm) 40.69 40.69
\% = Instantaneous cylinder volume between TDCIntake port diameter out (mm)  32.78 32.78
and the transition point Intake port length (mm) 55.20 55.20
m = Slope of P-V curve after TDC .
PIVC — Cylinder pressure at IVC From Diesel Fuel Tank
R. = Cylinder compression ratio Tntake

= Specific heat ratio Air Filter
-omb = Pressure rise due to combustion

o=

MATERIALSAND METHODS
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Fig. 2: Detail schematic of sequential CNG engine

The investigation that compute fastest should beylinder pressure versus crank angle at 3000 rpm
run first generally, which means that case 1 shiwgld engine speeds. Fig. 8 shows the diesel engine dedve
the lowest engine speed typically and last caselgho to CNG engine effect in cylinder pressure versasikr
be the highest engine speed. This will not efféatting ~ angle profile at 3500 rpm engine speeds. Fig. vsho
of output variable. The engine speed case setupdfot the diesel engine converted to CNG engine effect in
diesel engine and CNG engine are in 1000, 150w,2000yllnder pressure versus crank angle profile at0400

2500, 3000, 3500 and 4000 rpm engine speed. rpm engine speeds. Fig. 10 shows the diesel engine
converted to CNG engine effect in cylinder maximum

pressure versus engine speed profile at 1000-4000 r

RESULTS X
engine speeds.

The investigations of the engines are running in 7
cases based on engine speed. The engine is ruahing 90
1000-4000 rpm with variation in 500 rpm. The result
of the cylinder pressure performance effect of the
engine conversion are shown in Fig. 3-10. Figure 3
shows the diesel engine converted to CNG engireeeff
in cylinder pressure versus crank angle at 1000 rpm
engine speeds. Fig. 4 shows the diesel engine dedve
to CNG engine effect in cylinder pressure versaskr
angle profile on 1500 rpm engine speeds. Fig. svsho
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diesel engine converted to CNG engine effect inFig. 3: Cylinder pressure at 1000 rpm engine

156



Am. J. Engg. & Applied i, 2 (1):154-159, 2009

— Diesel Engine
801 —cNG Engin

Pressure (Bar)
iy
o
!

2N W
o o o o
L L L

-180 0 180

Crank Angle (Degree)

Fig. 4: Cylinder pressure at 1500 rpm engine
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Fig. 5: Cylinder pressure at 200 rpm engine
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Fig. 6: Cylinder pressure at 2500 rpm engine
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Fig. 7: Cylinder pressure at 3000 rpm engine
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DISCUSSION case the combustion both of diesel engine and CNG
engine is in rapidly so the combustion processas n
The engine cylinder pressure characteristics aéxcellent and unburned fuel is highest, this
1000 to 4000 rpm of diesel engine converted to CNGohenomenon will be decrease the engine cylinder
engine have been resulted from investigations areressure performance.
shown in Fig. 3-9. The engine cylinder pressurdilero The highest maximum cylinder pressure in
investigation results are shown that, the cylindercombustion process of diesel engine is shown in &ig
pressure is increasing in compression strokertitiéggn ~ and for CNG engine is shown in Fig. 3. In the diese
in crank angle-180 degree (BDC) until  aroundn engine, the nominal of maximum cylinder pressure is
crank angle O degree (TDCF). 84.0 bar, declared when the engine is opdrah
In the compression stroke, the air-fuel volume is1500 rpm engine speed. In the CNG engine, the
compressed from BDC to TDC. The air-fuel volume isnominal of maximum cylinder pressure is 64.05 bar,
decrease and the air-fuel pressure in increase. Thaeclared when the engine is operated in 1000 rpm
compression ratio of diesel engine is 20.28:1 dre t engine speed. In this operating condition, bothiesel
compression ratio of CNG engine is 14.5:1. Sojliofa  engine and CNG engine combustion process is most
engine speeds from 1000-4000 rpm are shown that thexcellent than the other condition. In the diesejiee,
diesel engine cylinder pressure is higher thanGN&  the 1500 rpm engine speed condition is not higher a
engine. The highest cylinder pressure is arouratdank  not lower for the combustion of diesel engine. Butn
angle 0 degree (TDCF). Cylinder pressure is detargas diesel fuel rate in 1500 rpm is most excellent and
in ignition to power stroke in crank angle 0 degreeproduct the higher pressure and power. In the CNG
(TDCF) until around in crank angle 180 degree (BDC) engine, the 1000 rpm engine speed condition is not
From this cylinder pressure performance can béigher and not lower for the combustion of CNG
predicted that the product of engine power fromaine  engine. Burned CNG fuel rate in 1000 rpm is most
fuel combustion of diesel engine is higher than theexcellent and product the higher pressure and power
CNG engine. The diesel engine cylinder pressurketig The maximum cylinder pressure performance
than CNG engine because the compression ratio afffect of diesel engine converted to CNG engine in
CNG engine is lower than diesel engine, where theariation engine speed is shown in Fig. 10. At1060
compression ratio of compression ignition engine ispm engine speed, the conversion of diesel engine t
20.2_8:1 gnd compression ration of port inject_ionG;N CNG engine is decrease the maximum cylinder
engine is reduced to 14.5:1. Diesel engine is Pressure 22.86%. At the 1500 rpm engine speed, the
compression ignition engine, CNG engine is a spark,,ersion of diesel engine to CNG engine is deerea
ignition engine. Both of the <_j|esel engines apq CNGthe maximum cylinder pressure 31.78%. At the 2000
engine, th_e c;t/llnderdpr?stiure |n_compreSS|c3rnhtd|aIJr_1 rpm engine speed, the conversion of diesel engine t
's increasing to product the engine power. Thenclr CNG engine is decrease the maximum cylinder

pressure in ignition to power strokes is decreasin 0 .
because the pressure is changed to the engine power %ressurg 36'53./0' At th? 2500 rpm eng.me.speed, the
conversion of diesel engine to CNG engine is degrea

For the compression stroke to ignition of the dies . -
engine as shown in Fig. 3-9, the results are shiban the maximum cylinder pressure 47.08%. At the 3000

increasing engine speed will be increase pressur@M engine speed, the conversion of diesel engine t
maximum in-cylinder if the engine speed operated aENG engine is decrease the maximum cylinder
1000-1500 rpm and at the over than 1500 rpmpressure 64.51%. At the 3500 rpm engine speed, the
increasing engine speed will be decrease the @ind conversion of diesel engine to CNG engine is deerea
pressure maximum. For the compression stroke tthe maximum cylinder pressure 72.43%. At the 4000
ignition of the CNG engine as shown in Fig. 3-% th rpm, the conversion of diesel engine to CNG enggne
results are shown that increasing engine speedbwill decrease the maximum cylinder pressure 76.35%.
decrease the cylinder pressure maximum for alhef t The maximum cylinder pressure for CNG engine is
engine speed variation cases. lower than the base diesel engine. It caused the
The lowest maximum cylinder pressure both ofcompression ratio of CNG engine is lower than thseb
diesel engine and CNG engine is shown in Fig. & Thdiesel engine and the combustion energy output of
lowest maximum cylinder pressure in combustiondiesel fuel is produced highest power than therahtu
process both of diesel engine and CNG engine ian1sho gas fuel. Another that, the density of gas fudbiser
in 4000 rpm engine speed and the nominal is 72e82 b than the diesel fuel. So, in the same volume, thsetl
for diesel engine and 17.22 bar for CNG enginghis  fuel is has higher pressure than the gas fuelhis t
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engine conversion, the CNG engine better to opexiate 2.
low speed. In low speed, maximum cylinder pressure
decreasing is not dramatically than at the medimch a
high speed. For all of engine speed, the conversion
diesel engine to CNG engine is decrease the cylinde3.
pressure. It meant that the conversion of diesginen

to CNG engine will decrease the engine performance.
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Fig. 10: Maximum cylinder pressure

CONCLUSSION 9

Based on the investigation results of the diesel
engine convert to CNG engine effect on the cylinder
pressure are shown that the conversion can beaiscre
the cylinder pressure. Both of diesel engine andsCN
engine, the increasing engine speed will be deertwees
cylinder pressure. The higher cylinder pressure is
declared in low engine speed and the lower cylinder
pressure is declared in high engine speed. Thadurt
research is needed to find the higher performarice o
CNG engine.
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