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Abstract: The objective of this study was to review the yas research in the development of gaseous
fuel injector for port injection CNG engine conwattfrom diesel engineéProblem statement: The
regular development of internal combustion engitemnge direction to answer the two most important
problems determining the development trends of r@witechnology and in particular, their
combustion systems. They were environmental priotecigainst emission and noise, shortage of
hydrocarbon fuels, specific fuel consumption andheottechnical and economic parameters.
Approach: Several alternative fuels has been recognized agndy a significant potential for
producing lower overall pollutant emissions complate diesel fuel. Natural gas, which composed
predominately by identified as a leading candidatdransportation applications among these fuetls f
availability, environmental compatibility and naaligas is that it can be used in conventional tliese
engines.Results: Some advantages of CNG as a fuel are octane nuisilvery good for Sl engine
fuel, engines can be operate with a high compragsitio, less engine emissions and less aldehydes.
In the diesel engines converted or designed tarunatural gas with the port injection (sequential)
trans-intake valve-injection system, a high-speasl jgt was pulsed from the intake port through the
open intake valve into the combustion chamber, whercaused effects of turbulence and charge
stratification particularly at engine parts loadceogtions. The system was able to diminish the cycli
variations and to expand the limit of lean operatid the engine. The flexibility of gas pulse timin
offers the potential advantage of lower emissiam faiel consumption. There are several advantages
of port injection. The better possibility CNG engiis to equalize the air-fuel ratio of the cylingler
optimization of the gas injection timing and of thas pressure for different operating conditions.
Conclusion: The fuel nozzle injector multi holes geometriesalepment was to produce optimum
fuel air mixing and increasing the volumetric eifficcy of the engine that will promote a comparable
engine performance and efficiency.
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INTRODUCTION invention revolutionized the world. After ten yeans
1886 an ICE was installed in a motorcar and after
In 2009, a hundred and thirty three years hadwenty seven years, in 1903 was installed in acraiit.
passed since Nicolas August Otto constructed a fouln 1974 some 35 million motor vehicles driven by
stroke gas-fuelled internal combustion engine andengines based on the Otto cycle were prodiiced
patented its cycle in 1876 with Patent DRP No0.532, In 1893, Rudolf Diesel constructed an experimental
year 1876. In spite of the fact that the power outif ~ compression-ignition engine and patented the rekeva
the engine was only approximately 2.2 kW or 3 hg an cycle in 1892 with Patent DRP NO, 67207, year 1892.
ignition was started by hot gases, it was a precuv§  Four years later, a working version of the engiad &an
modern Internal Combustion Engine (ICE) because thefficiency of 26% at a power output of approximgtel
mixture was compressed and burned in a singld4.7 kW or 20 hp. This although the engine was not
cylinder, the machine also had other interestingigte  originally applied for driving a vehicle, was thecsnd
features. It can be said without exaggeration thet  fundamental invention in the history of the autoiteb
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In 1976, the total output by the West EuropeanTable 1: Natural gas compositfth .
countries only was 5,200,000 compression-ignition Volume fraction (%)
engines. Although the gas turbine was inventeddiw J

. . . . Composition Formula Ref.1 Ref.2 Ref.3 Ref. 4

Barber |_n_1791, |_t was not_untll 1939 that is beeaan_ Methane cH 9400 92070 94.390 91.820
fully efficient driving engine. Its subsequent rm@pi Ethane GHs 330 4660 3.290 2.910
development was due to its being applied in aiftcra Propane GHs 100 1130 0570 -
engineerin§’ Iso-butane i-GHio 0.15 0.210 0.110 -

Th .I devel t of ICE ch directiorN-butane n-GHio 020  0.290 0.150
. e regular development o changes direction)s, oentane -gH12 002 0100 0050
in answer to changing requirement. In the 1970fW®e  N-pentane n-C5H 0.02 0.080 0.060 -
most important problems determining the developmenbitrogen N 1.00 1.020 0.960 4.460
trends of engines technology and in particular,rthe Carbondioxide — C® 030 0260 0.280 0810

bustion systems. They were environmentay e @Cefhe 001 0170 0.130 -
combus 24 . Ihey | xygen Q ) 0.010 <0.010 -
protection against emission and noise and shomfge carbon monoxide CO - <0.010 <0.010
hydrocarbon fuels. The brief comparison of a vgr@t Total - 100 100 100 100

engine undertaken in what follows principally comce
specific fuel consumption, emissions and othemNatural Gas (NG) is made up primarily of methane
technical and economic parametérs (CH,) but frequently contains trace amounts of ethane,
propane, nitrogen, helium, carbon dioxide, hydrogen
Direct injection diesel engine: The diesel engines is a sulfide and water vapor. Methane is the principal
type of internal combustion engines, more spedifica component of natural gas. Normally more than 90% of
it is a compression ignition engine, in which thelfis  natural gas is methahé>*! The detail of natural gas
ignited solely by the high temperature created bycompositions is shown in Table 1 by ShadShyBut,
compression of the air-fuel mixture, rather thanay according to Srinivasdfi, that in the natural gas
separate source of ignition, such as a spark @isds composition more than 98% is methane.
the case in the gasoline engine. The engine operate  Natural gas can be compressed, so it can be stored
using the diesel cycle. and used as Compressed Natural Gas (CNG). CNG
The direct injection diesel engines or directrequires a much larger volume to store the sames mas
injection compression ignition engines, where figel of natural gas and the use of very high pressure on
injected by the fuel injection system into the emgi about 200 bar or 2,988. Natural gas is safer than
cylinder toward the end of the compression strgk&,  gasoline in many respects and ignition temperafmre
before the desired start of combustidh The liquid  natural gas is higher than gasoline and diesel*flel
fuel, usually injected at high velocity as one ocoren  Additionally, natural gas is lighter than air andllw
jets through small orifices or nozzles in inject®, dissipate upward rapidly if a rupture occurs. Giagol
atomizes into small drops and penetrates into thend diesel will pool on the ground, increasing the
combustion chamber. The fuel vaporizes and mixeglanger of fire. Compressed natural gas is non-tarit
with high temperature and high pressure cylinder ai will not contaminate groundwater if spilled. Advaac
The air is supplied from intake port of engine.cgithe  compressed natural gas engines guarantee condalerab
air temperature and pressure are above the fuel'sdvantages over conventional gasoline and diesel
ignition point, spontaneous ignition of portionstbe  engines. Compressed natural gas is a largely &laila
already-mixed fuel and after air a delay perioddéw  form of fossil energy and therefore non-renewable.
crank angle degrees. The cylinder pressure incsezse
combustion of the fuel-air mixture occli¥. The CNG advantages However, CNG has some
major problem in compression ignition engine advantages compared to gasoline and diesel from an
combustion chamber design is achieving sufficientlyenvironmental perspective. It is a cleaner fuelntha
rapid mixing between the injected fuel and thefl@m  either gasoline or diesel as far as emissions are
intake port in the cylinder to complete combustion  concerned. Compressed natural gas is considered to
the appropriate crank angle interval close to topan environmentally clean alternative to those fifeld
centel**™** Horsepower output of an engine can beaccording to Ganes&h, some advantages of
dramatically improved through good intake port dasi compressed natural gas as a fuel are octane number
and manufactuté’. very good for Sl engine fuel, octane number is s fa
flame speed, so engines can be operate with a high
Compressed natural gas. Natural gas is produced compression ratio, less engine emissions, leshydites
from gas wells or tied in with crude oibgluction. than methanol and the fuel is fairly abundant
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worldwide. The disadvantages of compressed naturdlable 2: CNG as a fuel properties at 25°C and £3tm

gas as an engine fuel are low energy density ieguh CNG_PFOPEWSS Value
low engine performance, low engine volumetric ElenSIty E;k'lgtml') s (volume 96 in 0-123 "
T P ammabpllity limits (volume % In alir .o-
eff|C|enc_:y because it is a gaseous fuel, need dayel Flammability limits (2) 04-1.6
pr_essurlzed fu_el storage, so t_here IS some Smn Autoignition temperature in air (°C) 723
with a pressurized fuel tank, inconsistent fuelp@mies  Minimum ignition energy (mJ) 0.28
and refueling of the compressed natural gas iwa sI Flame velocity (m se¢) 0.38
process. Natural gas can be used as a fuel edseintia  Adiabatic flame temperature (K) 2214
. . . .. Quenching distance (mm) 2.1
the form in Wh|Ch It Is eXtraCt?d- Slom.e Process’lg  stoichiometric fuel/air mass ratio 0.069
carried out prior to the gas being distributed. IMgte  Stoichiometric volume fraction (%) 9.48
can also be produced from coal and from biomass drower heating value (MJ RQ 45.8
biogas and a whole variety of biomass wastes sach afeat of combustion (MJ k") 2.9

from landfill sites and sewage treatment plants.
Bi-fuelled vehicle conversions generally suffernfra

CNG as an alternative fuel for internal combustion power loss and can encounter driveability problems,
eng”']es_ Compressed Natural Gas (CNG) has |0ngdue to the dESign and/or installation of the rétrof
been used in Stationary engineS, but the app"q;alfo packages ShaSBi) In bi-fuel for diesel engine, natural
CNG as a transport engines fuel has been consigerabdas as a fuel for diesel engines offers the adgantd
advanced over the last decade by the development pduced emissions of nitrogen oxides, particuladéten
lightweight high-pressure storage cylinddrsSome and carbon dioxide while retaining the high effray
researchef$19222 have been researched about theof the conventional diesel engfffé Single-fuel
compressed natural gas as alternative fuel motivage  vehicles optimized for compressed natural gas are
the economic, emissions and strategic advantages dkely to be considerably more attractive in terofs
alternative fuels. performance and somewhat more attractive in tefms o

Several alternative fuels have been recognized a@0St.
having a significant potential for producing lower According to Poultoh” that a natural gas-
overall pollutant emissions compared to gasolind anPowered, single-fuel vehicle should be capable of
diesel fuel. Natural gas, which is composedsimilar power, similar or higher efficiency and rtigs
predominately by has been identified as a leadindgower emissions than an equivalent petrol-fuelled
candidate for transportation applications amongs¢he Vehicle. Such a vehicle would have a much shorter
fuels for several reasdits’”. Shasby® has identified driving range unless the fuel tanks are made \angel,
tree reason, the first reason is availability, $eeond ~ Which would then entail a further penalty in weight
attraction reason of natural gas is its environ@lent Space, performance and cost.
compatibility and the third attraction reason ofumal The safety aspects of converting vehicles to min o
gas is that it can be used in conventional diesel a CNG are of concern to many people. However, the low
gasoline engines. According to ShdSBy operating density of methane coupled with a high auto-ignitio
costs are another reasons, where natural gas pbwereemperature, CNG is 540°C compared with 227-500°C
vehicles theoretically have a significant advantager  for petrol and 257°Cfor diesel fuel and higher
petroleum-powered vehicles, the basis for thisaenut  flammability limits gives the gas a high dispersate
is the lower cost per energy unit of natural gas asnd makes the likelihood of ignition in the evefitao
compared to petroleum. Compressed natural gagas leak much less than for petrol or diesel.
vehicles exhibit significant potential for the retion Additionally, natural gas is neither the toxic,
of gas emissions and particulates. There are prable carcinogenic nor caustic. According to PoultBrthe
for compressed natural gas applications such aggal maximum operating pressure for a vehicleasfer
onboard storage due to low energy volume ratiockno cylinder will usually be in the range 20-25 MPa-
at high loads and high emission of methane andocarb commonly 20 MPa. Cylinders are tested before
monoxide at light loads!. According to Sef&, the installation to a pressure of 30 MPa (300 bar
CNG as fuel properties are shown in Table 2. 4,350 psi) or to a level to meet local requirements

However, these can be overcome by the propegafety regulations specify a periodic re-inspegtion
design, fuel management and exhaust treatmenypically at five-year intervals, including a prass test
techniques. Most existing compressed natural gasnd internal inspection for corrosion.
vehicles use petrol engines, modified by after-retirk The usage of natural gas as an alternative fuel ha
retrofit conversions and retain bi-fuehpability. the advantage of a comprehensive supply and
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distribution system already in place, therebylt has also a wider flammability range than gasotnd
substantially reducing the cost of adopting it as a diesel oil*”. Optimum efficiency from natural gas is
alternative fuel. A gas supply network has been imobtained when burnt in a lean mixture in thege
existence, distribution and transmission mainsA = 1.3-1.5, although this leads to a loss in power
However, the refueling infrastructure would need#&  which is maximized slightly rich of the stoichiorriet
established. air/gas mixture. Additionally, the use of naturasg
improves engine warm-up efficiency and togethehwit

CNG as alternative fuel characteristic.: The octane improved engine thermal efficiency more than
rating of natural gas is about 130, meaning thgtress  compensate for the fuel penalty caused by heavier
could operate at compression ration of up to 16:Istorage tanks. Natural gas must be in a concemtrafi
without knock or detonatidt!. In the CNG application 5-15% in order to ignite, making ignition in the esp
policy, many of the automotive makers already builtenvironment unlikely. The last and most often cited
transportation with a natural gas fuelling systemd a advantages have to do with pollution. The percargtag
consumer does not have to pay for the cost ofary depending upon the source, but vehicles bgrnin
conversion kits and required accessories. Moshatural gas emit substantially lesser amounts of
importantly, natural gas significantly reduces JCO pollutants than petroleum powered vehicles. Non-
emissions by 20-25% compare to gasoline becausmethane hydrocarbons are reduced by approximately
simple chemical structures of natural gas (pringaril 50%, NQ by 50-87, CQ by 20-30, CO by 70-95% and
methane-Clk) contain one Carbon compare to dieselthe combustion of natural gas produces almost no
(CisH3p) and gasoline (§:9)*%*". CNG as alternative particulate mattéf”’. Natural gas powered vehicles emit
fuel characteristics are shown in Table 3. no benzene and 1,3-butadiene which are toxins euhnitt

Like methane and hydrogen is a lighter than aitby diesel powered vehicles. The use of naturalagaa
type of gas and can be blended to reduce vehicleehicle fuel is claimed to provide several benefis
emission by an extra 50%. Natural gas compositiorengine components and effectively reduce maintananc
varies considerably over time and from location torequirements. It does not mix with or dilute the
location”). Methane content is typically 70-90% with lubricating oil and will not cause deposits in
the reminder primarily ethane, propane and carbormombustion chambers and on spark plugs to the exten
dioxidé™ 2% At atmospheric pressure and temperaturethat the use of petrol does, thereby generallynebie
natural gas exists as a gas and has low densitgeSi the piston ring and spark plug life. In diesel dfugl
the volumetric energy density is so low, naturad g operation evidence of reduced engine wear is regprt
often stored in a compressed state at high pressuteading to expected longer engine ffeThe use of
stored in pressure vessels. natural gas in a diesel Spark-Ignition (SI) coni@rss

According to Poulto”) that natural gas has a high expected to allow engine life at least as goochas df
octane rating, for pure methane the RON = 130 anthe original diesel engine. Because of its very low
enabling a dedicated engine to use a higher cosipres energy density at atmospheric pressure and room
ratio to improve thermal efficiency by about 10%o@ab  temperature, natural gas must be compressed aredi sto
that for a petrol engine, although it has been ssiggl on the vehicle at high pressure-typically R@Pa,
that optimized CNG engine should be up to 20% mor&00 bar or 2,900 psi. The alternative storage ateth
efficient, although this has yet to be demonstratedin liquid form at a temperature of-162°C. Becau$e o
Compressed natural gas therefore can be easilye limited capacity of most on-board CNG storage
employed in spark-ignited internal combustion eegin  systems a typical gas-fuelled vehicle will needieihg

two to three times as often as a similar petradliesel-

Table 3: CNG characteristi3 fuelled vehicle-a typical CNG-fuelled car enginell wi
CNG Characteristics Value provide a range of 150-200 km and a truck or bumseso
Vapor density 0.68 300-400 km. It is possible that the space required
(A)Létt‘;r:%”r';t‘i’r’]‘g e weight of CNG fuel storage systems will fall in the
Boiling point (Atm. Press) 162°c ~ future as a result of improved engine efficienc;aes
Air-fuel ratio (Weight) 17.24 with dedicated designs and lightweight storage $afk
Chemical reaction with rubber No When a vehicle is operating on CNG about 10% of
Storage Pressure 206Mpa the induced airflow is replaced by gas which causes
Fuel air mixture quality Good . . .

Pollution CO-HC-NQ verylow  corresponding fall in engine power output. In
Flame speed m séc 0.63 performance terms the converted bi-fuel engine will
Combust. ability with air 4-14% generally have a 15-20% maximum power reduction
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than that for the petrol version. When a dieselimng emissions and other factors. However, the simple
conversion is fuelled on gas maeagine power can be physical composition of natural gas (predominantly
obtained due to the excess air available which,tdue methane-Clwith no carbon-to-carbon bonds) tends to
smoke limitations, is not fully consumed. Becauseuse it a basically lower emission fuel, since the
natural gas has a low cetane rating, a spark égniti combustion process is less complex than liquid
conversion for diesel engines is required, addinthe  hydrocarbon fuels and there is less of the other
conversion co8f!. Even though more power may be hydrocarbons.
available, experience has shown that S| dieselnengi
conversions are usually down-rated to prevenDiesel engine converted to port injection dedicated
excessive combustion temperatures leading t&€NG engine: In the diesel engines converted or
component durability problems. A diesel/gas dualfu designed to run on natural gas, there are two main
conversion may experience a loss of efficiencygtie®  options discussed. The first is dual-fuel engifdsgese
to diesel-fuelling alone. A 15-20% loss in thermalrefer to diesel engines operating on a mixtureattiral
efficiency was reported in a dual-fuel heavy-dutyck  gas and diesel fuel. Natural gas has a low cetativegr
demonstration in Canada, where natural gas providednd is not therefore suited to compression ignjtimurt
60% of the total fuel requirement during dual-fuelif a pilot injection of diesel occurs within the gair
operation. A further disadvantage of methane is itha mixture, normal ignition can be initiated. Betwegd
is a greenhouse gas with a warming forcing factanyn and 75% of usual diesel consumption can be replaced
times that of the principal greenhouse gas,,,G&as by gas when operating in this mode. The engine can
leakage or vehicular emission, therefore and the sf also revert to 100% diesel operation. The second is
release, will have an impact on the overall greesho dedicated natural gas engines. Dedicated natual ga
gas (GHG) emissions performance relative to theopet engines are optimized for the natural gas fuel.yTdan
or diesel fuel it substitut8g*6:20-22 be derived from petrol engines or may be desigoed f
the purpose. Until manufacturer Original Equipment
CNG Fuel Emissions: The last and most often cited (OE) engines are more readily available, howeves, t
advantages have to do with pollution. The percesstag practice of converting diesel engines to sparktigni
vary depending upon the source, but vehicles bgrninwill continue, which involves the replacement oéskl
natural gas emit substantially lesser amounts ofuelling equipment by a gas carburetor and thetaudi
pollutants than petroleum powered vehicles. Non-of an ignition system and spark plfgs
methane hydrocarbons are reduced by approximately Buses and trucks larger and greater numbers of
50, NQ, by 50-87, CQby 20-30, CO by 70-95% and cylinders are used than for light-duty engines. For
the combustion of natural gas produces almost neompression ignition engines conversions to spark
particulate mattéf’. Natural gas powered vehicles emit ignition, the pistons must be modified to reduce th
no benzene and 1,3-butadiene which are toxins @nitt original compression ratio and a high-energy igniti
by diesel powered vehicles. The natural gas is ahmu system must be fitted. The system is suitable fGC
simpler hydrocarbon than those in petrol and diagdl and is ideally suited to timed (sequential) poj¢dtion
mixes un-uniformly with air, combustion is likelg be  system but can also be used for single point amd lo
more complete in the time available fluids to irdrgly  pressure in-cylinder injection. Gas production fdes
lower CO and non-methane HC emissions. Because greater precision to the timing and quantity oflfue
gas-fuelled does not require cold-start enrichmentprovided and to be further developed and become
emissions from "cold" engine operation are highant increasingly used to provide better fuel emissidhs
with liquid fuels and because gas systems are nedgig The port-inducted or port injection CNG produces
to be air-tight, so relative emissions should benegligible levels of CO, COand NQ. In order to
negligible. Generally low sulphur content of natigas  greatly reduce exhaust gas emissions, a port ioject
is 5-10 ppm, mainly from the odor&ht One of the system was chosen by Czerwif8k®, Hollnagef”
important sources of catalyst poisoning and, forand Kawabat&’! and the injector and pressure regulator
example, should allow placement of platinum by thehave been newly developed. At the same time, mecis
much more abundant palladium. Palladium also ha#ir-Fuel (A/F) ratio control and special cataly&dlG
advantage of being very effective for methaneexhaust gas have been utilized. The resulting CNG
oxidation. The magnitude and character of emissiongngines output power has been restored to neaothat
from CNG engine vehicles, like emissions from albdoh the gasoline base engine.
and other vehicles, will vary depending on the ¢rad With the port injection (sequential) or trans-kea
offs made between performance, fuel economyyalve-injection system, a high-speed gas jet isqull
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from the intake port through the open intake vahte  will promote a comparable engine performance.
the combustion chamber, where it causes effects okccording to Czerwinsk®, the CNG port injection
turbulence and charge stratification particularly a system has advantages to develop for the more
engine part load operations. The system is able tefficiency.

diminish the cyclic variations and to expand ttmeitiof

lean operation of the engine. The flexibility ofsgaulse ~ Gaseous fuel injection spray structure: Gaseous fuel
timing offers the potential advantage of lower injection implications and its behavior on combaoisti
emissions and fuel consumption. With three types othamber design has received considerable atteirtion
port injectors available on the market, Czerwili8ki recent years. Most present day direct injectioniresy
were compared for stationary and transient enginfave been optimized for use with liquid fuels. The
operation. There are several advantages of po{ptimal configuration may be different than what is
injection, e.g., better possibility to equalize #iefuel  required for gaseous fuels. Experiments by Abrdfam
ratio of the cylinders, optimization of the gasecfon  gyamined the relative effects of combustion onitiqu

timing and of the gas pressure for different opBeAt 54 gaseous fuel direct injection jets. Resultsagob
conditions. The port injection has an injector &ach that fuel-air mixing and burning rates were inlgal

cylinder, 'so the injectors can be placed in Closeslower for gas injection jets than for liquid spsay

proximity to the_ cylinder's i_ntake port. It glsoahles However, burning and mixing rates of the gaseous
fuel to be delivered precisely as required to each '

individual cylinder (called sequential) and enabtesre Q|rect |nj§ct!on in the S.Ub‘:‘]eqvl\lﬁﬁt T‘ital?izs ?JGTO':“T;S <
sophisticated technologies such as skip-firing ® b Increased in compariso qu _Sprays.
used. Skip-firing is when only some of the cylirglare "?'“a”y* the liquid jet was more eﬁecnve_ at eaning
operating (the other cylinders are being skippatljs ~ &if and hence was better at producing flammable
enables even more efficient use of the fuel atlmads, ~ Mixture regions within the combustion chamber.Ha t

further lowering fuel consumption and unburned®nd, however, the liquid spray did not burn as
hydrocarbon. completely as the gas jet. Beyond the initial stage

gas direct injection jet exhibited a higher comhnrst

Gaseous fuel |nJ ection improvement: |mp|’0vement of rate than that of the |IC]UId fdéﬂ] The relative decrease
CNG injector nozzle holes geometries and understanih burning rate for the liquid spray results from
of the processes in the engine combustion is derfgd  vaporization of the remainder of the liquid fueltime
because the compression-ignition combustion prasess mixture. This causes an increase in the richness of
unsteady, heterogeneous, turbulent and thremixture behind the flame, leading to a smaller gyper
dimensional, very complex and the nozzle fuel ifjec release than exhibited by the ga&fet
hole is can be variation with any hole geométyin According to BrombachBf!, the significant
port injection CNG engines, natural gas fuel ieitgd  contributions to the understanding of transientegas
by fuel nozzle injector via intake port into combas  jet behavior have been reviewed, made and resehrche
chamber and mixing with air must occur before ignit  The research a jet model, based on experimeniatses
of the gas fuel. To improve the perfect of mixing consisting of four main regions. Figure 1 shows a
process of CNG fuel and air in combustion chamber itransient gas jet showing the four main regiong th
arranging of nozzle holes geometry, nozzle sprayotential core region, the main jet region, the ingx
pressure, modified of piston head, arranging ofopis flow region and the dilution regi6h*®. The gaseous
top clearance, letting the air intake in the form o jet plume is characterized by a high velocity, low
turbulent and changing the CNG fuel angle of spfay temperature core of rich unmixed fuel confined he t
The CNG fuel spraying nozzle is the level of eagnin jet axid®”. This core region is referred to as the main jet
variation so that can be done by research expetimemegion and contains the bulk of the unmixed fuel.
and computational of engine power, cylinder pressur Turbulent vortices are generated on the periphétlgen
specific fuel consumption and exhaust gas emissiongt core as a result of shear forces exerted by the
which also the variation of them. Czerwin§ki® have  ambient air in the chamb&>*. In the region close to
been researched the sequential injection of CNé&r®ff the nozzle exit, however, very little turbulence is
several advantages to increase the CNG engingenerated. This region, the potential core regomery
performance. stable and is characterized by very low mixing sate

The fuel nozzle injector multi holes geometriesextends from the nozzle exit to a distance
development is to produce optimum fuel air miximgla corresponding to a z/dpenetration distance/nozzle
increasing the volumetric efficiency of the engthat  orifice diameter) ratio of approximately 13%°:3¢]
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| in temperature because of heat transfer that oasirs
the hot air is entrained into the §&t It would be very
difficult to achieve ignition if an ignition assistevice
were to be placed the core of the jet because at gre
deal of thermal energy input would be required to
elevate the core to the autoignition temperature.
Furthermore, the high temperature gradient betvileen
glow plug and the jet core would result in shomgpl
service life. These conclusions provide some
explanation for the experimental findings of A€y
and Thring®.

Dilution Region

Main Jet Region

Mixing Flow Region

Injector nozzle geometries improvement effect on

gr___ ; fuel-air mixing: Numerous studies have suggested that
§= li decreasing the injector nozzle orifice diameterais
53 | _ effective method of increasing fuel air mixing dgi
£ & f Detail of & injectior’’. The smaller nozzle holes were found to be
the most efficient at fuel-air mixing primarily bmese
Fig. 1: Transient gaseous jet structtite the fuel rich core of the jet is smalfék In addition,

decreasing the nozzle orifice diameter dl woulduoed

Beyond this region, large scale vortices arethe length of the potential core region (defi as
generated by shear forces as air is entrainedhietget,  z/d = 12-51 and hence increase the size of thengixi
resulting in vigorous mixing along the jet peripher flow regior*®. Unfortunately, decreasing nozzle holes
This region of enhanced mixing surrounds the mein j size causes a reduction in the turbulent energy
and is referred to as the mixing flow region. As thel  generated by the jet. Since fuel-air mixing is colted
loses its momentum, it is pushed aside by fueliflgw by turbulence generated at the jet boundary laygs,
from upstream. The tip of the jet expands radially,will offset the benefits of the reduced jet corgesi
forming the dilution region of the jet. This region Furthermore, jets emerging from smaller nozzleice#
corresponds to the jet tip and is characterizedoby  were shown not to penetrate as far as those engergin
velocities and high fuel concentration. from larger orifices. This decrease in penetratiwans

The experimental study by Tan&Bewere shown that the fuel will not be exposed to all of theitate
that the flammable region exists only within thénth ajr in the chamber. For excessively small nozzke si
layer around the periphery of the jet. In the vilginf  the improvements in mixing related to decreasechplu
the nozzle, the temperature is low and the jetoislas  size may be negated by a reduction in radial
high; thus resulting in poor mixing conditions. 8uc penetratio”. Another significant feature of the
conditions do not provide a favorable environment f injection flow that requires attention is the tendg of
chemical reactions to take place. Downstream of thg¢nhe fuel plume to attach to the cylinder head. This
nozzle, in the mixing flow region, the temperatime behavior is undesirable because it restricts patietr
the periphery of the jet is relatively high and thetg the chamber extremities where a large portiothef
mixture is roughly stoichiometric. The flow has air m as resides. Furthermore, it hampers air
stabilized in this area as result of momentum changentrainment from the head side of the plume because
between the jet and the entrained air, which pewid the exposed surface area of the plume is reduced.
sufficient residence time for a chemical reactian t The phenomenon responsible for the jet deflection
occur. In summary, the most likely location forilipn  is known as the Coanda effé¢t The effect arises as a
to take place and correspondingly the ideal place tconsequence of the velocity and pressure fields
install a glow plug in the periphery of the jet surrounding the jet. Low pressure areas are formed
downstream of the potential core reg%@n Results  above and below the jet, due to the entrainmerirof
from Aesoy*® further support the finding. mass into the jet from the local surrounding volume

The core of the jet is fuel rich and very coldeTh Below the jet, there is significant air mass in the
temperature of the core is, in fact, lower thanfirel  yolume between the piston and the injector. Abdee t
temperature before injection. This is due to rapidiet, space is limited and the air must be entraiinech
expansion of the jet at the nozzle exit and thehhig progressively farther downstream. As the jet dgwglo
velocity of the jet*. The outer edge of the jet is higher the air must eventually be entrained from the aio i
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which the jet would penetrate. The entrainment flow Table 4: Coefficient of dischar

strong enough to deflect the fuel jet upwards, icmuis ~ Orifice diameter Lengthto Discharge
the attach to the cylinder head. This phenomenost mu(mm) D/Do diameter ratio coefficient
be carefully avoided in the design of a natural ga%‘%iijgégg gé 8'22
engine combustion chamber. The mixing wasg 330/0.340 29 0.62
maximized when the nozzle tip was placed equidistan

from the piston and cylinder h Ul Table 5: Coefficient of discharl§

The nozzle containing many small holes wouldorifice Length to Discharge
provide better mixing than a nozzle consisting of adiameter (um) diameter ratio coefficient
single large hof". This hypothesis has been tested byl00 4.0 0.80
studying injectors with varying numbers of nozzle 180 ‘2‘2 8';;
holes. The diameters of the holes were adjustetl sucgg 42 0.78
that each nozzle delivered the same overall fuedsma 267 8.0 0.77
flow. Computational analysis examining eight hole,363 ié 8-2411

four hole, two hole and one holes nozzles, revetiat

the mixing rate improved with the number of nozzle ) .

hole€¥. Jenningé¥ carried out similar analysis for 8, !niéctor nozzle spray cone angle: A major difficulty

12 and 16 holes nozzles. Contrary to the trendltie " the_deflnmon and measurement of the. spray cone

holes injector performed poorly due to plume meggin 2ndle is that the spray has curved boundariesaltieet

Plume merging has an adverse effect on mixing keecau effect of air interaction with the spllés)}. Most of the

the total plume surface area available for mixisg i Proposed relations are empirical in nature and @&nn

decreasddf!. predict spray cone angles exactly for differenedtion
systems. The applied dimensional analysis to tha da

Injector nozzle coefficient of discharger The and derived the following equation has used by &tai

Coefficient of discharge (Cd) for micro-nozzles for The spray cone angle increases as the orifice déame

compressible gas flow has measured by Sn§defhe  increases. 16 is the cone angle in measured sprays

coefficient of discharge was defined asgdive Per  ambient air densityAP is pressure difference across the

Ageomery  Where  Arecive Was calculated from the orifice length, D is particle diameter apg is ambient

standard isentropic compressible mass flow relationair viscosity. The Eq. 4 is used for calculate $pgay

There is a possibility of further increase in Cdues  cone angle of nozzle injector:

with a further increase in the Reynold number. The

small orifice diameter and large I/d ratio had stro

effect on Cd values for compressible gas fidwThe  20= 0.0{

0,APD? JO'ZS @
= = 4
following Eq. 1, 3 were proposed for &4 .

a

2<) <10: 10<Re<20000 (1) _The other Eq. 5 by Sieb&f the constant ¢ was
d optimized to provide the best fit the data. Theetffof
the nozzle geometry on spray cone angles is not
Cdnax:0.827-0.008é ) p_rovided diregtly in the equation. _The valu_e ofsc i
d different for different nozzles and its value is the
order of 0.26°:

1.1 +£Il+ 2.25—'} 3)
cd Cd, R d 0.19
tan@® / 2)= [&] - 0.0045‘): (5)
Where: o Pa
d = Orifice diameter

I = Orifice length

Cd = Coefficient of discharge

Cd,ax = Maximum coefficient of discharge
Re = Reynold number

Where:
0 = The cone angle in measured spray
pa = Ambient air density
ps = Fuel air density
In a later research by Sieb&¥s the similar Cd
values were obtained again for different diameter njector nozzle orifice shapes: The effect of different
orifices as shown in Table 4 and 5. orifice shapes on the spray characteristics owange
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of injection pressures from 21-103 MPa hase6.
investigated by Dodd&’. The concluded that different
orifice shapes have little effect on spray quadityg fuel

air mixing raté&®.

A mathematical model was presented by
Schwesingé?”! and re-explored by Bd® which
described the fluid jets escaping triangular cross-
sectional micro-channel. The application of the slod
to the defined geometrical shape of an orifice tied
deflection of the liquid jet from the axis of thhannel
in order to minimize the surface area of the volum
element. Actual deflection depended on angle of”’
triangle.

CONCLUSION
9.
Diesel fuel will become scarce and most costly.
CNG as an alternative fuel is becoming increasingly
important. CNG has some advantages compared to
gasoline and diesel from an environmental perspecti
and the disadvantages is has lower performance

compared to gasoline and diesel engines. HencéL,O'

systematic studies have been carried out to improve
techniques and redesign components in producing
optimum CNG engines. To increase the power and
decrease the exhaust gas emissions, the CNG eisgine;
need some improvements. The converting of diesel
engine to port injection CNG engine spark ignitamd
improve the gaseous fuel injector nozzle holes
geometries which operated in variation injection
pressure and injection timing will be give better
performance and exhaust gas emissions.
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