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ABSTRACT

Investigations are carried out to evaluate theguarénce of a low heat rejection (LHR) diesel enginasisting
of air gap insulated piston with 3-mm air gap, wétliperni (an alloy of nickel) crown and air gapulated liner with
superni insert with normal temperature conditiorjatfopha oil and carbureted ethanol with variggdtion timing and
injection pressure. Performance parameters arandiedd at various magnitudes of brake mean effecpivessure.
Pollution levels of smoke and oxides of nitrogetOf) are recorded at the peak load operation oétiggne. Combustion
characteristics of the engine are measured with Tid@ dead centre) encoder, pressure transducesploand special
pressure-crank angle software package. Conventiemgine (CE) and LHR engine showed improved perfowce at
recommended injection timing of 27 DC and recommend injection pressure of 190 bagnacompared with CE with
pure diesel operation. Peak brake thermal effigiencreased by 20%, smoke levels decreased by 48#/N®x levels
decreased by 40% with LHR engine at its optimuradtipn timing with maximum induction of ethanol wheompared

with pure diesel operation on CE at manufactuneat®mmended injection timing of 7T DC (before top dead centre).
KEYWORDS: Crude Jatropha Qil, Ethanol, LHR Engine, Perforneamollution Levels, Combustion Characteristics

INTRODUCTION

The rapid depletion of petroleum fuels and thegremcreasing costs have lead to an intensive kdaralternate
fuels. The most promising substitutes for petrolefuels are alcohols. So, it is high time that stiss developed an
alternate and renewable fuel that would run onetkisting engines without many modifications andase that would
cater to the ever increasing power needs of thatdes and domestic market. It is well known fdattsmall amount of
energy is left for useful purpose in engine renrairénergy is wasted through friction, heat loseugh coolant and heat
loss through exhaust gas. Hence the concept dfHife engine is to minimize the heat loss to the antlby providing
resistance in the path of heat flow to the cootheteby gains the heat energy. Several methodstedidor achieving
LHR to the coolant are i) using ceramic coatingspaston, liner and cylinder head ii) creating aapgn the piston and
other components with low-thermal conductivity nmatis like superni, cast iron and mild steel etoestigations were
carried out on bio-diesel by many researchers [hybtoating with low thermal conductivity materidilse ceramics on

engine components like cylinder head, cylinderrlinalves and piston crown, and it was reported deaamic coated
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engines improved specific fuel consumption (SFQJ decreased pollution levels. However, low degre@sulation
provided by these researchers was not able todfteatively high viscous crude vegetable oils. afireg an air gap in the
piston involved the complications of joining twadffdrent metals. Air gap was created [6] in the gnisby screwing the
crown made of low thermal conductivity materialmonic (an alloy of nickel) to the body of the pistdy keeping a
gasket, made of nimonic, in between these two p&u$ investigations are restricted to pure diegmtration. It was
reported from these investigations that SFC wagangt and pollution levels of smoke decreased aa@ckd injection
timing. Experiments were also conducted on conweati engine (CE) with either with blends of vegétatil and diesel
[7-8] or with blends of bio-diesel and diesel [9}HNd it was reported that these blends improvedeffficiency of the
engine and decreased the pollution levels. Experisn@ere also conducted [11] on waste fried vegetidlcollected from
restaruents and reported CO and smoke emissiore neduced using preheated waste frying oil at 13%i@stigaons
were conducted [12] with vegetabl oils and reportteat all emissions parameters were within maximimits and
concluded safer use as an alternate fuel.on vegetils. Compression ratio [13] was also increasgth CE with
vegetable oil based bio-diesel and it was repottdl poor performance was obtained at lower consasratio and
performance of the engine was improved at compesgsitio of 18:1. Experiments were conducted [b#dn vegetable
oil based bio-diesel on CE and reported improvenmeBTE, exhaust emissions but increased NOx ennissand slight
increased brake specific fuel consumption (BSF®@gré& are many techniques available to induct ethiatmthe engine,
out of which carburetion technique is simple. GCaebed ethanol was used [16] in CE and in LHR emgith air gap in
the insulated piston and insulated liner and végetail was injected in conventional manner andregul that exhaust gas
emissions decreased with LHR engine, when compaittdpure diesel operation on CE as high heat geedrin the
combustion space due to adiabatic conditions imgaalcohol combustion. However, in their invesiigas, combustion
characteristics and performance parameters wereepotted. Vegetable oils have cetane number cabpamwith diesel
fuel, but they have high viscosity and low vol&jiliAlcohols have low cetane fuels, though theyenget high volatility.
In order to take advantage from high cetane nurabdrhigh volatility, both vegetable oils and alcishitave to be used in

LHR engine.

The present paper attempts to evalig@erformance of LHR engine, which containsgaip piston and air gap
liner with crude jatropha oil with carbureted etbbwith varying engine parameters of change ofdtigm pressure and

injection timing and compared with pure diesel @pien on CE at recommended injection timing anddtipn pressure.
METHEDOLOGY

Figure 1 gives the details of insedhpiston, insulated liner and ceramic coatedndgi head employed in the
experimentation. LHR diesel engine contains a tad-piston; the top crown made of low thermal caniity material,
superni-90 screwed to aluminum body of the pisfoyiding a 3mm-air gap in between the crown arellibdy of the
piston. The optimum thickness of air gap in thegaip piston is found to be 3-mm [6], for betterfpenance of the engine

with superni inserts with diesel as fuel.

A superni-90 insert is screwed to the top portidntte liner in such a manner that an air gap of 3mm
maintained between the insert and the liner body5@&C the thermal conductivity of superni-90 and a& 20.92 and

0.057 W/m-K respectively.

Impact Factor (JCC): 2.8395 ICV: 3.00
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Figure 1: Assembly Details of Insulated Piston, Isulated Liner and Ceramic Coated Cylinder Head

Experimental setup used for the investigatioh LHR diesel engine with jatropha oil based diesel is
shown in Figure 2. CE has an aluminum alloy pistith a bore of 80 mm and a stroke of 110mm. Thedautput of the
engine is 3.68 kW at a rate speed of 1500 rpm.cBbimepression ratio is 16:1 and manufacturer’s recenttad injection

timing and injection pressures ar€l#VDC and 190 bar respectively. The fuel injectas Banoles of size 0.25mm.

The combustion chamber consists of a direct ilgadiype with no special arrangement for swirlingtian of
air. The engine is connected to electric dynamonfetaneasuring brake power of the engine. Alcahahducted through
the variable carburetor jet, located at the inlanhifold of the engine at different percentagesietel flow rate by mass
basis and crude vegetable oil is injected in cotivaal mannerTwo separate fuel tanks and burette arrangemeats ar

made for measuring vegetable oil and alcohol compsiams

Air-consumption of the engine is measured bybak method. The naturally aspirated engine mvisied
with water-cooling system in which inlet temperataf water is maintained at %D by adjusting the water flow rate. The
engine oil is provided with a pressure feed systBim.temperature control is incorporated, for meaguthe lube oil

temperature.

Copper shims of suitable size are provided in betwthe pump body and the engine frame, to vary the
injection timing and its effect on the performarafethe engine is studied, along with the changénjgfction pressures

from 190 bar to 270 bar (in steps of 40 bar) usiogzle testing device.

The maximum injection pressure is restricted t0 Bar due to practical difficulties involved. Exisagas

temperature (EGT) is measured with thermocouplegenadfiiron and iron-constantan.
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Figure 2: Experimental Set-up

1. Engine, 2.Electical Dynamo meter, 3.Load Box, 4. tl€u jacket water temperature indicator,
5.0utlet-jacket water flow meter Orifice meter, Biezo-electric pressure transducer, 7. TDC encoder
8.Console, 9. Pentium Personal Computer, 10. PridteExhaust gas temperature indicator,12.AVL Senok
meter, 13. Netel Chromatograph NOx Analyzer, 14tefFil5.Rotometer, 16.Heater, 17. Round bottorskfla
containing DNPH solution, 18.Burette, 19. Variafgé carburetor, 20. Air box, 21.Orifice meter, 22-tube

water manometer, 23.Vegetable oil tank, 24.Alcdahok, 25. Three-way valve

Pollution levels of smoke and N&e recorded by AVL smoke meter and Netel Chrograjgth NOx analyzer
respectively at the peak load operation of the mgiVith alcohol-vegetable mixture operation, the mapmilutant
emitted from the engine is aldehydes. These aldehgde carcinogenic in nature, which are harmflilutman beings. The
measure of the aldehydes is not sufficiently reggbrin the literature. DNPH method [6] is employed measuring
aldehydes in the experimentation. The exhaust@ftigine is bubbled through 2,4 dinitrophenyl hyoa (2,4 DNPH)
solution. The hydrazones formed are extracted éhloroform and are analyzed by employing high penfnce liquid
chromatography (HPLC) to find the percentage coma&on of formaldehyde and acetaldehyde in theaasgh of the
engine.

Piezo electric transducer, fittedtbe cylinder head to measure pressure in the gstign chamber is connected
to a console, which in turn is connected to Pentagmsonal computer. TDC encoder provided at therneldd shaft of the
dynamometer is connected to the console to medbkererank angle of the engine. A speciad Beftware package
evaluates the combustion characteristics such ak peessure (PP), time of occurrence of peak pres§tOPP) and
maximum rate of pressure rise (MRPR) from the digioh pressure and crank angle at the peak loadabpe of the
engine.

RESULTS AND DISCUSSIONS

Performance Parameters

Investigations are carried out witle thbjective of determining the factors that woultbha maximum use of

ethanol in diesel engine with best possible efficieat all loads.

Impact Factor (JCC): 2.8395 ICV: 3.00
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The variation of brake thermal efficcy (BTE) with brake mean effective pressure (BMERth different
percentages of ethanol induction in conventiongiren (CE) at  2°6TDC and at an injection pressure of 190 bar, is
shown in Figure.3. Variation of BTE with BMEP wiglure diesel operation on CE is also shown for caispa purpose.
BTE increased at all loads with 35% ethanol inducand with the increase of ethanol induction bely8b%, it decreased
at all loads in CE when compared with CE with diegeeration (standard diesel). The reason for imipigp the efficiency
with the 35% ethanol induction is because of imptiomogeneity of the mixture with the presencetbénol, decreased
dissociated losses, specific heat losses and ¢plagses due to lower combustion temperatures. i§hatso due to high
heat of evaporation of ethanol, which caused theaton the gas temperatures resulting in a low8o 1of specific heats
leading to more efficient conversion of heat intorkv Induction of ethanol resulted in more moleswofking gas, which
caused high pressures in the cylinder. The obseangdased in the ignition delay period would allmere time for fuel
to vaporize before ignition started. This meanshéigburning rates resulted more heat release taterstant volume,

which is a more efficient conversion process oft liret® work.
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Figure 3: Variation of Brake Thermal Efficiency (BTE) with Brake Mean Effective Pressure (BMEP) in
Conventional Engine (CE) at Different Percentagesfdethanol Induction

Figure 4 shows the variation of BTEEMBMEP with different percentages of ethanol iction in LHR engine at
the recommended injection timing and pressure. Létigine showed an improvement in the performancé wie
carbureted ethanol at all loads when compareddastandard diesel engine. This is due to recoveheat from the hot
insulated components of LHR engine due to highnlateeat of evaporation of the ethanol, which leadntcrease in
thermal efficiency. The maximum induction of ethhi® 50% in LHR engine, which showed improvementtiire
performance at all loads when compared to standies®l engine. However when the ethanol inductsoiméreased more

than 50% in LHR engine, BTE is deteriorated atadtds when compared with standard diesel.
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Figure 4: Variation of Brake Thermal Efficiency (BTE) with Brake Mean Effective Pressure (BMEP) in
Low Heat Rejection (LHR) Engine at Different Percentges of Ethanol Induction

The optimum injection timings are 38bTDC for CE, and at 3bTDC for LHR engine with pure diesel
operation [16]. Similar trends are observed onwagation of BTE with BMEP in CE and LHR engine wialcohol-
vegetable oil operation when the injection timirge advanced to 2iTDC in LHR engine and 3BTDC in CE as in the
case of 2%TDC in both versions of the engine. However, tleximum induction of alcohol is limited to 45% irethHR
engine at 3TDC against 50% induction at BADC, while maximum induction of alcohol is the sanm CE at

33°bTDC as in the case of 2¥TDC. Ethanol is inducted at these respective fijadimings for CE and LHR engine.

The variation of BTE with BMEP in Gihd LHR engine with maximum induction of ethanbtecommended
and optimum injection timings and at a pressurgatf bars is shown in Figure.5. LHR engine with 4&%anol induction
at its optimum injection timing showed improved foemance at all loads when compared with otheriwassof the
engine. This is due to higher amount of ethanbsstution and improved combustion at advancedctige timing caused

better evaporation leading to produce higher BTE.

—#— 1-CE-Diesel-
27bTDC

—ii— 2-CE-35% Eth-
27bTDC

3-LHR-50% Eth-
27bTDC

0 2 4 6

=i 4 -CE-35% Eth-
BMEP, bar 33bTDC

Figure 5: Variation of BTE with BMEP with Maximum P ercentage of Ethanol Induction in
CE and LHR Engine at Recommended and Optimum Injetton Timings
There is a limitation to use ethadoé to low cetane number and having higher seitian temperature than
vegetable oil to use in CE without increasing itifat pressure because as percentage of ethanebses more heat is
utilized to evaporate alcohol fuels and less heatviailable to evaporate vegetable oil. Thereforensajor quantity of
alcohol which burns late in the expansion strok#l, mot be fully utilized. In order to avert thisnjection pressure is
increased, which reduces fuel droplet size, in@gasurface to volume ratio and requires compatgtiless heat to

evaporate vegetable oil droplet.

The trend exhibited by both versiaf the engine with dual fuel operation at higimection pressure of 270
bars is similar to the corresponding to the infattpressure of 190 bars. However, the maximum igluof alcohol is
40% in CE at an injection pressure of 270 bagairest 35% at 190 bars, while maximum alcohol itiducremained

same with LHR engine at 270 bars as in the cad®®@bars.

Figure.6 shows bar charts whigbr@sents the variation of brake specific energysaomption (BSEC) at peak

load operation with different versions of the emgmt maximum induction of ethanol at recommended @ptimum

Impact Factor (JCC): 2.8395 ICV: 3.00
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injection timings. BSEC decreased with the increzfsethanol induction, as higher amount of alcahdbstitution caused
better evaporation and produced lower BSEC in betkions of the engine. BSEC is lower in LHR engihés optimum

injection timing, which shows the suitability ofehengine for alternate fuels. It also decreaseti wie increase of
injection pressures in both versions of the engirgs is due to early initiation of combustion withproved fuel spray

characteristics.
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Figure 6: Bar Chart Showing the Variation of Brake Specific Energy Consumption (BSEC) at Peak Load Opation

with Induction of Ethanol in CE and LHR Engine at Recommended and Optimum Injection Timings

Variation of exhaust gas tempeet{EGT) with BMEP in CE and LHR engine with maximundauction of
ethanol at recommended and optimum injection timiagd at an injection pressure of 190 bars is shovagure.7. The
magnitude of EGT decreased with the increase afgmage of ethanol induction in both versions ef éimgine. At the
recommended injection timing, the magnitude of E&Tower in CE with 35% induction of ethanol indiact at all loads
when compared with standard diesel engine. Lowba@st gas temperatures are observed in the LHRength 50%
ethanol induction when compared with CE with 35%aebl induction. This showed that the performancéhe LHR
engine is improved with 50% ethanol induction 0@ with 35% ethanol induction. EGT further decreasghen the
injection timings are advanced in both versionshef engine. This is due to increase of thermatieficy, reduction of

coolant load and decrease of gas temperatures.

—#—1-Diesel-27bTDC

—i— 2-CE-35% Eth-
27bTDC

—#— 3-LHR-50% Eth-
27bTDC

—w— 4-CE-35% Eth-
33bTDC

—=—5-LHR-45% Eth-
BMEP, bar 31bTDC

Figure 7: Variation of Exhaust Gas Temperature (EGT) with Brake Mean Effective Pressure (BMEP) in
Conventional Engine (CE) and Low Heat Rejection (LHR) Engine at Recommend Injection Timing and

Optimized Injection Timings with Maximum Induction of Ethanol
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Variation of coolant load (CL) with B in CE and LHR engine with maximum induction ofiamol at
recommended and optimum injection timings and ahgattion pressure of 190 bars is shown in FigureCoolant load is
less in both versions of the engine at differemtgrtages of ethanol induction at all loads whengared with pure diesel
operation on CE. This is due to the reduction of ganperatures with ethanol induction. Cooling Igatéss in the LHR
engine with 50% ethanol induction when comparedW@E with 35% ethanol induction at all loads. Tisidlue to the
insulation provided in LHR engine. Cooling loadneased in CE and decreased in the LHR engine hélatlvancing of
injection timing and increase of injection pressurbis is due to increase of gas temperatures ira@Edecrease of the

same in LHR engine, when the injection timing isatted.

5 ¥
il = 1-CE-Diesel-
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1 3-LHR-50% Eth-
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Figure 8: Variation of Coolant Load (CL) with Brak e Mean Effective Pressure (BMEP) in Conventional Egine
(CE) and Low Heat Rejection (LHR) Engine at Recommied Injection Timing and Optimized Injection

Timings with Maximum Induction of Ethanol

Variation of volumetric efficiency & with BMEP in CE and LHR engine with maximum irtion of ethanol at
recommended and optimum injection timings and ahpattion pressure of 190 bars is shown in FiQUr¥E decreased
marginally in both versions of the engine with thel fuel operation when compared with pure diepelration on CE, as
percentage of alcohol induction increased, the anoiair admitted into the cylinder of the engineeluced. However, CE
with different percentage of ethanol induction skdviigher volumetric efficiency when compared WithR engine. This
is because of increase of temperatures of insuledegponents in LHR engine, which heat the inconthgrge to high
temperatures and consequently the mass of air tedu each cycle is lower. VE increased marginelith the increase
of injection pressure in both versions of the eagifhis is due to improvement of air utilizatiordatombustion with the

increase of injection pressure. However, thesetiaris were very small.

Impact Factor (JCC): 2.8395 ICV: 3.00
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Figure 9: Variation of Volumetric Efficiency (VE) with Brake Mean Effective Pressure (BMEP) in Converibnal
Engine (CE) and Low Heat Rejection (LHR) Engine aRecommend Injection Timing and Optimized

Injection Timings with Maximum Induction of Ethanol
Pollution Levels

Figure 10 shows the variation of kmd¢evels with BMEP in CE and LHR engine with mawim induction of
ethanol at recommended and optimum injection timiaigd at an injection pressure of 190 bars. kénghat for the same
load, the smoke density decreased with inductioaladhol. The combustion of injected fuel in cag@ure vegetable oil
operation is predominantly one of oxidation of prot of destructive decomposition. In this caserdhare greater
chances of fuel cracking and forming carbon pas$iclOn the other hand, the combustion of alcohpkésiominantly a
process of hydroxylation and the chances of fuatking are negligible. Ethanol does not contairbearcarbon bonds
and therefore cannot form any un-oxidized carbatigh@s or precursor to soot particles. One of ghemising factor for
reducing smoke levels with the alcohols is theytaimed oxygen in their composition which helpeddduce soot density.
Soot emissions increased linearly with the incredsmrbon to hydrogen atoms (C/H) ratio provideel ¢quivalence ratio
is not altered. This is because higher C/H leati@oe concentration of carbon dioxide, which wouddfrther, reduced to
carbon. Consequently, induction of alcohol reduttedquantity of carbon particles in the exhausegass the magnitudes
of C/H for diesel fuel, vegetable oil and ethana @.45, 0.83 and 0.25 respectively. Lower smokeléeare observed in
both versions of the engine in dual fuel mode wbempared with pure diesel operation on CE. LHR eaguith 60%
ethanol induction showed lower smoke levels whempmared with CE with 35% ethanol induction. Smokeels
decreased with the increase of ethanol inductidioih versions of the engine. In dual fuel operatamoke levels further
decreased with the advancing of the injection tgrand with increase of injection pressure in batsions of the engine,
due to efficient combustion at higher injectiongz@res, which improved the atomization hence faaterof combustion
and shorter combustion duration at the advancedtion timings caused to reduce the smoke densiboth versions of

the engine.
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Figure 10: Variation of Smoke Levels in Hartridge $noke Unit With Brake Mean Effective Pressure (BMEP)in
Conventional Engine (CE) and Low Heat Rejection (LHR) Engine at Recommend Injection Timing and

Optimized Injection Timings with Maximum Induction of Ethanol

Variation of NOx levels with BMEI CE and LHR engine with maximum induction of etbh at
recommended and optimum injection timings and atingection pressure of 190 bars is shown in Fidiire.NOXx
emissions decreased with the increase of percemthgéhanol induction in both versions of the emgidue to lower
combustion temperatures. The low value of C/H ratiethanol has indirect effect in reducing oxygsmilability in the
gases, which leads to the reduction of NOx.

However, LHR engine with different percentages etiianol induction showed higher NOXx levels
compared with CE with 35% ethanol induction, duenitrease of gas temperatures in LHR engine. N®@eldefurther

decreased with the increase of ethanol inductidyoth versions of the engine.

NOXx levels increased marginally in CE while theacbased in LHR engine with the advancing of the
injection timing and with the increase of injectipressure. This is due to reduction of gas temperatin the LHR engine
at 3rbTDC.

1000 —+— 1-CE-Diesel-
g 800 27bTDC
2 600
2 400 —— 2-CE-35% Eth-
o 27bTDC
< 200
0 3-LHR-50% Eth-
27bTDC
0 2 4 6
—— 4-CE-35% Eth-
BMEP, bar 33bTDC

Figure 11: Variation of Nox Levels with Brake MeanEffective Pressure (BMEP) in Conventional Engine (E) and
Low Heat Rejection (LHR) Engine at Recommend Injedbn Timing and Optimized Injection Timings with

Maximum Induction of Ethanol
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These aldehydes are responsiblpdagent smell of the engine and affect the humamgsenvhen inhaled in the
large quantities. The volatile aldehydes are eykraspiratory tract irritants. Though Governmeidkation has not been
pronounced regarding the control of aldehyde emissiwhen more and more alcohol engines are cotoiraxistence
severe measures the controlling of aldehydes ainittet through the exhaust of the alcohol run ergyind#l have to be
taken as serious view. Figure 12 (a) shows theatran of formaldehyde concentration while Figure(b® acetaldehyde
concentration in CE and LHR engine at recommenettign timing and optimum injection timing at areiction pressure
of 190 bar with maximum induction of ethanol. ltute be seen that aldehyde emissions are low wita gdiesel operation
in both CE and LHR engine. Formaldehyde emissiaoseased drastically with ethanol induction in b6t and LHR
engine. With increased induction of ethanol upt®5CE registered very high value of formaldehydassians in the
exhaust, which showed the significant reductiohl iR engine. Hot environment of LHR engine completednbustion
reactions and reduced the emissions of intermed@at®ounds, aldehydes. Hence it is concluded tH& &ngine is more
suitable for alcohol engines in comparison withepdiesel operation. Advanced injection timing amcréase of injection
pressure also improved the combustion performancéHR engine by reducing the intermediate compoulikks

formaldehyde and acetaldehydes.

M 5-LHR-45%- 31bTDC
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W 4-CE-35% Eth- 33bTDC

3-LHR-50% Eth-
T f 27bTDC
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Formaldehyde Concentration, %

Figure 12: (A) Formaldehyde Concentraiton

B 5-LHR-45% Eth- 31bTDC
W 4-CE-35% Eth-33bTDC

3-LHR-50% Eth-27bTDC
M }-CE-35% Eth-27bTDC
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M 1-CE-Diesel-27bTDC

Acetaldehyde Concentration, %

Figure 12: (B) Acetaldehyde Concentraiton

Figure 12: Variation of Aldehyde Concentration in Gonventional Engine (CE) and Low Heat Rejection (LHR
Engine at Recommend Injection Timing and Optimizednjection Timings with Maximum Induction of
Ethanol
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Combustion Characteristics

Variation of combustion parametéee PP, TOPP and MRPR with maximum induction dfagtol induction in
different versions of the engine at recommendeetiign timing and optimum injection timing and atiajection pressure
of 190 bars are represented by Figure. 13(a), 18¢H)13(c), respectively. From Figure, 13(a), it be noticed that the
magnitude of PP increased with increase of ethamdlction in both versions of the engine. The magté of PP
increased with advancing of the injection timinghioth versions of the engine, with ethanol indutti@/ith the same
amount of ethanol induction, LHR engine exhibitdgher PP compared with CE with 50% of ethanol iridunc at
27°bTDC and at injection pressure of 190 bar. Thigli® to increased amount of ethanol with LHR engivith
maximum induction of ethanol, LHR engine afi8IDC produced higher PP compared with CE dbBB®C.From the
Figure.13 (b), it can be noticed that magnitudeTGfPP decreased with the increase of ethanol inguatiith both

versions of the engine.

When the ethanol induction is increased to 50%HR engine, the magnitude of TOPP is lower (shifted
towards TDC) when compared with CE with 35% ethanduction. This is once again confirmed by theeskation of
higher PP and lower TOPP in LHR engine with dual fmode, that the performance of LHR engine witke5&lcohol

induction is improved over CE with 35% ethanol iotion.

The magnitude of TOPP decreased with advancinth@finjection timing with both versions of the
engine. From the Figure.13©, it can be observed R engine showed higher MRPR when compared Wikh at
different injection timing. This is due to highemaunt of ethanol induction in LHR engine. MRPR &esed with the
advancing of the injection timing in both versiasfghe engine. These combustion characteristicsauga with increase

of injection pressure.

M 5-LHR-45% Eth-31bTDC
N 4-CE-35% Eth-33bTDC
3-LHR-50% Eth-27bTDC

W 2-CE-35% Eth-27bTDC

f T 1 i B 1-CE-Diesel-27bTDC

0 20 40 60 B0

Peak Pressure, bar

Figure 13: (a) Peak Pressure
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M 5-LHR-45% Eth- 31bTDC
W 4-CE-35% Eth- 33bTDC
M 3-LHR-50% Eth-27bTDC
W 2-CE- 35% Eth-27bTDC

0 5 10

W 1-CE-Diesel-27bTDC

TOPP, Deg

Figure 13: (b) TOPP

B 5-LHR-45% Eth-31bTDC
W 4-CE-35% Eth-33bTDC
N 3-LHR-50% Eth-27bTDC
W 2-CE-35% Eth-27bTDC

' ' ' N 1-CE-Diesel-27bTDC
a 2 4 &

MRPR, bar/deg
Figure 13: (c)MRPR

Figure 13: Variation of Combustion Parameters in Caventional Engine (CE) and Low Heat Rejection (LHR)
Engine at Recommend Injection Timing and Optimizednjection Timings with Maximum Percentage of
Ethanol Induction

CONCLUSIONS

Maximum induction of alcohol was 3% mass basis with best possible efficiency alpallls in CE while it is
50% in the LHR engine. LHR engine with 50% alcolmmluction showed improved performance when comptreQE
with 35% alcohol inductionThe maximum induction of alcohol is 35% in CE aft8@C, while it is 45% in LHR engine
at 3PbTDC. Performance, pollution levels (smoke, NOx afakhyde levels) and combustion characteristiggdned in
both versions of the engine with maximum inductadnalcohol when the injection timings are advanesd with the

increase of injection pressure.
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