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Abstract: Effect of combustion temperature in the engineincdr of diesel engine convert to
Compressed Natural Gas (CNG) engine was presetigsistudy. The objective of this study was to
investigate the engine cylinder combustion tempeeagffect of diesel engine convert to CNG engine
on variation engine spee@roblem statement: The hypothesis was that the lower performance of
CNG engine was caused by the effect of lower inrengylinder temperature. Are the CNG engine is
lower cylinder temperature than diesel engine? Tésgarch was conducted to investigate the cylinder
temperature of CNG engine as a new engine comptrediesel engine as a baseline engine.
Approach: In this study, the combustion temperature wasstigated in 7 cases engine speed. The
engine speeds variation start from 1000 rpm ur@i@0®rpm with variation in 500 rpm. The engine
conversion development and combustion temperatovestigation was conducted at automotive
laboratory, faculty of mechanical engineering, émgity Malaysia Pahang, MalaysiBesults. The
results of the combustion temperature in the engiimder in variation engine speeds showed that
diesel engine convert to CNG engine effect deerdhs combustion temperature in the engine
cylinder characteristicsConclusion/Recommendations: In the low speed the conversion can be
increase the combustion temperature, but the istrg@ngine speeds can be decrease the combustion
temperature in the engine cylinder.
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INTRODUCTION that the crude oil and petroleum products will aeo
very scare and costly to find and produce. Gasaim:
The great problems of the world in the internaldiesel fuel will become scarce and most cétly
combustion engines usage until today are focuses oflternative fuel technology, availability and usellw
environment protection and economically fuel become more common in the coming decades for
consumption. In the internal combustion enginesethe internal combustion engines. Nowadays, the altermat
are any gasoline engines and diesel engines weit usfuel has been growing due to concerns that thevese
to generate the power in industries and transponist  of fossil fuel all over the world are finite and thte
This problems need the new design, research anelarly decades of this century will run out compiete
technology to find the new design of the new engine Furthermore, the current world energy crisis maue t
its components so its can use of the alternatiesfu fossil fuel price increases. In the other hand, ftesil
another gasoline and diesel, protect and friendlyh w fuel contributes large environment pollution. Many
the environment, high power and efficient in fueltypes of alternatives fuels available in the world.
consumption. So they were some engine designers didompressed Natural Gas (CNG) as an alternativeduel
the any new design of the new concepts or new itteas becoming increasingly important.
find the new better engines and have a high powdr a Natural gas is found in various locations in oil
friendly with the environment and efficient on fuel and gas bearing sand strata located at varioushslept
consumption. below the earth surfabe Compressed Natural Gas
It is well known that the fossil fuel reserves all (CNG) is the most favorite for fossil fuel
over the world are diminishing at an alarming ael a  substitutiof’. Compressed Natural Gas (CNG) is a
shortage of crude oil is expected at the early des®f gaseous form of natural gas were compressed, & hav
this centur{). Probably in this century, it is believed been recognized as one of the promising alternative
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fuel due to its substantial benefits compared tduel, compression ratio, ignition system, injection
gasoline and diesel fuel. These include lower fuekystem and added the throftfe The fuel in the CNG
cost, cleaner exhaust gas emissions, higher octarghgine is natural gas, the ignition system is using
number an(_j most certainly. Therefore, the numbérs ospark ignition and the fuel injection system isngsi
engine vehicles powered by Compressed Natural Gagequential or multi point injection system and gsin
(CNG) engines were growing rapitfiy'. Natural gas  throttle to control the intake air.

is safer than gasoline in many re;p@cﬂs The The investigation of combustion temperature in the
ignition temperature for natural gas is higher thanengine cylinder characteristics investigation of th
gasoline and diesel fuel. Additionally, natural gas paseline diesel engine and sequential or multi tpoin
lighter than air and will dissipate upward rapidiya jnjection dedicated CNG engine spark ignition are
rupture occurs. Gas_olme and diesel fu_el will poal  conducted at Automotive Laboratory, Faculty of
the ground, increasing the danger of fire. Nat@@  \Mechanical Engineering, University Malaysia Pahang,
is non-toxic and will not contaminate groundwater i palaysia. There are three sub-system investigated i
spilled. Advanced Compressed Natural Gas (CNG}he sequential injection dedicated CNG engine spark
engines guarantee considerable advantages OVgjnition. The first is investigation of intake sgst
conventional gasoline and diesel engiﬂgs performances, the second is investigation of engine
Compressed Natural Gas (CNG) is a largely availabl@yjinder and engine crank train performances ared th
form of fossil energy. The exploitation of full thirq is investigation of exhaust system perfornesnef
potential of Compressed Natural Gas (CNG) as ampyitj point injection dedicated CNG engine spark
alternative fuels is means of reducing exhaust gagynition. After the sequential or multi point injémn
emissions. However, the research of applying néturajedicated CNG engine spark ignition conversion is
gas as an alternative fuel in engines will be ancompleted, then running to investigate the combusti
important activity, because the liquid fossil fuetdl temperature in the engine cylinder. The engine is
be f|r21|lsohed and will become scarce and mMOoSkynning in variations engine speeds. The variatién
costly**l. Compressed Natural Gas (CNG) has som&ngine speed is 1000, 1500, 2000, 2500, 3000, 3500
advantages compared to gasoline and diesel fuel fro 5n4 4000 rpm.

an environmental perspective. It is a cleaner toeh The diesel engine converted to sequential or multi
either gasoline or diesel fuel as far as emissianes _point injection CNG engine data is shown in Table
concerned. Compressed Natural Gas (CNG) i§03 |y Taple 1, the engine geometries such as bore,
considered to be an environmentally clean alteveati gtroke and displacement are in the same. The intake
to those fuel8®™**? Another that, advantages of gang exhaust valve size is in the same. The intakeev
Compressed Natural Gas (CNG) as a fuel are octanghen degree and exhaust valve open degree is the
number is very good for SI engines. Octane number isame. The intake and exhaust valve lift is in thee.

a fast flame speed, so the Compressed Natural Gate ignition system is changed from compression
(C'_\'?) engine can be operated in high compressiofynition to spark ignition. The fuel injection sgst is
ratio”". changed from direct injection to sequential or mult

The objective of this research is to investigé® t pint injection. The fuel is changed from diesellfte
combustion temperature in the engine cylinder éféc natural gas fuel.

diesel engine converted to sequential or multi poin
injection dedicated CNG engine based on variatiormable 1: Engine conversion déth

engine speed. Engine parameter Diesel engine CNG engine
Bore (mm) 86.00 86.0
Stroke (mm) 70.00 70.0
MATERIALSAND METHODS Displacement (cc) 407.00 407.0
Compression ratio 20.28 14.5
The CNG engine conversion development is bylmﬁke Valv? close (C(A)) 496.00 496.0
; ; Pas ; ; ; ; xhaust valve open (CA 191.00 191.0
using direct injection diesel engine with a(_JIded nev\)litake valve open (CA) 361.00 3610
components. The new components are engine throttl@ynaust valve close (CA) 325.00 3250
gaseous injector, spark system, Electronic Controlgnition system Compression Spark
Unit (ECU) and new piston with lower compression Fﬂg' injection system D?érsee‘ft Ni‘fgrgel”t;as'
rati_o. The_ cqmbus_tion temperature in the engingn¢ake port diameter in (mm) 40.69 40.699
cylinder is investigated in this research. Thelntake portdiameter out (mm) 32.78 32.78
difference data of diesel engine and CNG engine ar#take port length (mm) 55.20 55.20
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RESULTS Figure 6 shows the engine cylinder combustion
temperature characteristics of base diesel engine
The investigation results of the engine cylinderconverted to CNG engine at 3500 rpm engine speed.
temperature characteristics of diesel engine céeder Figure 7 shows the engine cylinder combustion
to sequential or multi point injection dedicated €N temperature characteristics of base diesel engine
engine based on variation engine speed are shown aonverted to CNG engine at 4000 rpm engine speed.
Fig. 1-7. In Fig. 1-7, the -180 -0° is for compiiess
stroke, 0-180° is for power stroke, 180-360° is for 2250
exhaust stroke and 360-540° is for intake strokgurié 20004 —Hiesttengme
1 shows the engine cylinder combustion temperature 1750+ — CNG engine
characteristics of base diesel engine convertetNG
engine at 1000 rpm engine speed. Figure 2 shows the
engine cylinder combustion temperature charactesist
of base diesel engine converted to CNG engine @ 15
rpm engine speed. Figure 3 shows the engine cylinde
combustion temperature characteristics of baseeldies
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Figure 5 shows the engine cylinder combustionFig. 3: Combustion temperature in the engine cgind
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Fig. 2: Combustion temperature in the engine c@ind Fig. 5: Combustion temperature in the engine cgind
at 1500 rpm engine speed at 3000 rpm engine speed
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Fig. 6: Combustion temperature in the engine cgind Fig. 8: Maximum temperature in the engine cylinder

at 3500 rpm engine speed
P g P Decreasing engine speed of diesel engine will be

2250 decrease the maximum combustion temperature in the
2000 — Diesel engine engine cylinder. Decreasing engine speed of CNG
1750 — CNGengine engine will be increase the maximum combustion

temperature in the engine cylinder. In this ingsstiion
results are shown that the highest maximum
combustion temperature in the engine cylinder in
combustion process is not declared in the highest
engine speed. In the diesel engine, the highest
maximum combustion temperature in the engine
, , cylinder is declared at 3500 rpm engine speed,Useca
-1%0 0 Cra_nkanlliﬂ(De - 360 340 in this case the combustion is most excellent tien
et other condition and unburned fuel is lowest, so the
temperature product from the combustion is the dggh
In the diesel engine, the lowest maximum combustion
temperature in combustion process is in 1000 rpm

Figure 1-7 shows the temperature characteristics i€ngine speed. In this engine speed, the combustion
the engine cylinder profile of diesel engine coteerto  Process is not excellent and unburned fuel is fsghe
CNG engine. The results are plotted from invesibgat than the other condition for compression stroke of
result output. The temperature profile in the eagin compression ignition engine. In the CNG engine, the
cylinder is shown that temperature in compressiorhighest maximum combustion temperature in the
stroke to ignition is increase. From ignition taoguct ~ €ngine cylinder is declared in 1500 rpm engine dpee
the engine power is decrease. The highest temperatubecause in this case the combustion process is most
in engine cylinder is declared in ignition procdssthe excellent than the other condition and unburned itie
low speed, the engine cylinder temperature of cNdowest, so the temperature product from the conust
engine is higher than diesel engine as shown in Fig is the highest. In the CNG engine, the lowest maxm
and 2, but in the high speed the combustion teriera combustion temperature in combustion process is at
in the engine cylinder of diesel engine is higheant 4000 rpm engine speed. In this engine speed, the

Pressure (B3ar) at 4000 rpm

Fig. 7: Combustion temperature in the engine cgind
at 4000 rpm engine speed

CNG engine as shown in Fig. 7. combustion process is not excellent and unburnetl fu
is highest than the other condition for compression
DISCUSSION stroke of compression ignition engine.

The effect of diesel engine converted to CNG

The maximum combustion temperature in theengine on the maximum engine cylinder temperature
engine cylinder results are shown in Fig. 8. Trsuits  based on engine speed is shown in Fig. 8hén
are shown that increasing engine speed of the Idies@000 rpm engine speed, the conversion of dieseéheng

engine will be increase the maximum combustionto CNG engine will increase the maximum engine

temperature in the engine cylinder. Increasing magi cylinder temperature 9.94%. In the 1500 rpm engine

speed of CNG engine will be decrease the maximungpeed, the conversion of diesel engine to CNG engin
combustion temperature in the engindindgr.  will increase the maximum engine cylinder tempematu
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5.40%. In the 2000 rpm engine speed, the converfion 3.
diesel engine to CNG engine will increase the
maximum engine cylinder temperature 0.52%. In the
2500 rpm engine speed, the conversion of dieseheng
to CNG engine will decrease the maximum engine
cylinder temperature 3.77%. In the 3000 rpm engine
speed, the conversion of diesel engine to CNG engin4.
will decrease the maximum engine cylinder tempeeatu
13.57%. In the 3500 rpm engine speed, the conversio
of diesel engine to CNG engine will decrease thes.
maximum engine cylinder temperature 21.72%. In the
4000 rpm engine speed, the conversion of dieseheng
to CNG engine will decrease the maximum engine
cylinder temperature 26.72%.

6.

CONCLUSION

The combustion temperature in the engine cylinder
investigation results of the four stroke directetjon 7.
diesel engine converted to sequential or multi poin
injection dedicated CNG engine are shown that thes.
engine conversion can be decrease the maximum
combustion temperature in the engine cylinder. ther
diesel engine, the increasing engine speed will bg.
increase the maximum combustion temperature in the
engine cylinder. For the CNG engine, the increasing
engine speed will be decrease the maximum
combustion temperature in the engine cylinder. The
highest maximum combustion temperature
engine cylinder for the diesel engine is declarethie
3500 rpm engine speed. The highest maximum
combustion temperature in the engine cylinder Far t
CNG engine is declared in the 1500 rpm engine speed
So, based on the increasing engine speed,
conversion of diesel engine to CNG engine will be
reduce the maximum temperature in cylinder.
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