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ABSTRACT

This paper investigates the effect of semi therbaalier coating (TBC) onTorodial (re-entrant) pistobowl
geometry combustion chamber at a higher comprassitio of 19.5:1 in an internal combustion engifitae tests
were performed on a single cylinder, four strokiegct injection, diesel engine using E50 ethan@séi blend. The
engine’s piston crown was coated with variousTBQemials in different composition ratios such as minium
oxide (AlI203) + Molybdenum (Mo) + Titanium oxideDR) (40%+30%+30%), over a 1 thickness of NiCrAlY
bond coat. The maximum thickness of coating is @B@0um.The engine with and without coating has beerdest
with the test fuels and diesel fuel in the sameaijpgy conditions.The test resultshows that thegted engine has
areduction in brake specific fuel consumption (BEBEd an increase in brake thermal efficiency (BBEpbout
6%. It is also observed that there is a considezahtrease in NQof about 4.32 % and reduction in CO and HC
emission. The analyses of the results were caoigdising scanning electron microscope (SEM) an&XED
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INTRODUCTION

The diesel engine is undergoing continuous teclyicddprogressionto become an Adiabatic Engine iwgment
in performance and durability of IC engine. A maweakthrough in diesel engine technology to malesliabatic
can be achieved by coating the various parts likecylinder wall, combustion chamber, cylinder heaston body,
valves etc., with ceramic materials having very lin@rmal conductivity [1]. The coating materialtbg adiabatic
engine must have a high temperature resistancethiermnal expansion coefficient, low friction chaextstics, good
thermal shock resistance, high strain tolerance, $otering rate of the porous microstructure, tigkight and
durability[3, 2]. It is observed that exhaust temgbere of the low heat rejection engine was in@dasgp to 25%
depending on the compression ratio and load cordgarthat of STD engine[4].Increasing temperaterel in the
combustion chamber decreased the ignition delaydaudeased the fuel burnt during the pre-mixed acstidn
phase. There will be an increase in J@ission with increase in temperature [5]. UsingViSinage coating
material transfer form of the metal piston surfaces observed where a bulk ceramic bond rubbed sigaiatal
[6]. Toughness tends to be smaller for brittle matdrecause elastic limit and plastic deformatiatiew materials
to absorb large amount of energy.Molybdenum inttpesurface of the piston reduces the crack foonatiue to
high heat directly applied on the surface, resgltin increasing thermal expansion co-efficient amgbortant
thermal properties of piston [Rlano technology and structured coatings woulceXmected to increase life of
ceramic coating is very longer, showed superior lraeical properties of crack resistance, adhesikength,
spoliation resistance, abrasive wear resistanceskoidg wear residence Lower component structigalperatures
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will results in greater durability to increase efgine life [8]Anhydrous ethanol and hydrous ethanol are provided
for automotive application where anhydrous ethgradsesses a maximum of 0.7 % of water on weight lzawl
hydrous ethanol will have water content about 7.4f%eight basis at 20C. In ethanol, diesel blend or emulsion,
ethanol, diesel blend will not be a homogeneougurixfor longer period without an additive (emusif[9]. The
thermal efficiency of the engine depends on théilita of the ethanol diesel blend and propertyfoél blend
compared to pure diesel[10].Ethanol blend will beaporated in a TBC engine easily due to high cgind
temperature. This will result in proper combustiohethanol in a TBC engine [11].By Increase theanath
blend,oxygen percentage also increases resultingetreeing adiabatic flame temperature consequehgy
NOxemission decrease even at thermal barrier caatgishe [12].

The main scope of this work is to reduce the weartear on the engine and to increase the life spéme coated
parts of the engine using a thermal barrier coaihBC) technology. The coating preserves the cogtad
whatever it may be in the engine by acting as TléBarrier. Using top coated on the piston allofgliminium
oxide (Al203) + Molybdenum (Mo) + Titanium oxide@2) (40%+30%+30%) are coated on the piston. The bes
performance can be obtained by combining the chassterials and its own properties combines to eréatter
performance.

EXPERIMENTAL SECTION

A four stroke, direct injected, water cooled singldinder diesel engine was used for experimentatkwThe
Engine tests conducted with variable loads at ssteoh engine speed were directly coupled with eddyent
dynamometer. Using data acquisition system condeittea piezoelectric pressure transducer was mdunith
cylinder head surface to measure the in cylindessure. It is also provided with temperature senar the
measurement of inlet and exhaust gas temperatdreencoder is fixed for crank angle record. Thenalg from
these sensors interface with a computer to an engiicator to display ®, P-V, mass fraction burnt and heat
release versus crank angle plots. The combustiambhr insulation with 3Q0n thickness is applied on the piston
crown using atmospheric plasma spraying coatiitly different composition such as Aluminium oxiddZ03) +
Molybdenum (Mo) + Titanium oxide (TiO2) (40%+30%+a). Over a thickness of Ni-Crbond coat. The thermal
barrier coated piston engine was compared withstardard engine. The prepared specimen dimensiixiOi4
mm with similar coating surface were examined byanseof scanning electron microscope (SEM) and Bnerg
dispersive X-ray spectroscopy (EDX) Analysis. Figshows the coated and uncoated specimens of gtenpi
crown.
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Oxide-Molydenum Coated
Sample Pieces

PISTON AFTER COATING

Fig. 1. Pistion crown for coated and uncoated and specimens

PISTON BEFORE COATING

' Bond Coating-Ni-Cr

RESULT AND DISCUSSION

SCANNING ELECTRON MICROSCOPE (SEM) ANALYSIS

Properties of the piston top coated with TBC anddooat were analyzed by using SEM and EDX. Theimpa
thickness achieved for both plasma sprayed top ab&t,O;+TiO,+Mo and bond coating of Ni-Cr were in the
thickness of 300um,where optimum compositional atdictural conditions of the coating component were
analyzed. The micro graph of the fracture surfdddi® AL,Os+TiO,+Mo coated pistons crown samples is shown in
Fig. 2. And micrograph of the fracture surface ®fQ¥ bond coating is shown in Fig. 3 and The suuetexhibited
particles of both materials were deformed on impheing the plasma spraying process and meltedherpiston
crown surface. The overall performance of the ogpatvas helpful to identify the micro cracks, oxidat thermal
mismatch and porosity are compared. When compémigge defects of ADswith Ni-Cr bond coating on the piston,

417



V. Gnanamoorthi and G. Devaradjane J. Chem. Pharm. Res,, 2015, 7(2):416-422

it is observed bigger dense splat and a few obifger voids. Which in turn showed lower porosioympared with
coating material. The structure of the surface shéme particles with a lot of small voids which st® a high
porosity causes increase in thermal cycling lif¢hef coating.

",
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Fig. 3. SEM Micrographsof Ni-Cr bond, coated surface

The structure of the top layer of AL+TiO,+Mo layer exhibited high porosity, number of smedlids,oxides
inclusion, unmelted particles and cracks of miéee sHigh porosity characteristics of 8L+TiO,+Mo contributed
to the brittleness of the structure. The coating stél perfect and adhered to the bond coat. Aiiant difference
was observed between the microstructure of tharmpataterial and bond coating. This might be a@aasn low
thermal conductivity that leads to heat transfeluation. This may be the reason for poor thermfatieficy and in
this condition of several micro cracks the heat @ lost through the cracks of the coated pathefengine. This
will spoil the purpose of coating.

ENERGY DISPERSIVE X-RAYSPECTROSCOPY (EDX) ANALYSIS:

The effect of EDX is investigated and taken frore thicrostructure given in for TBC coat and bondticwais
shown in Fig.4 &5. It lllustrate the composition nsisting of Ni-Cr phases in the matrix made up of
Al203+TiO,+Mo composite phase predominantly. Oxygen is olegbin the matrix. The chemical composition of
the coating would be in the range of,@4(40%)+Ti0)(30%)+Mo0(30%). It can be seen from the fig that som
oxygen is present in the composition in the coatifite oxygen is probably imported from the air atpteere to the
coating during the process, because the coatingepsdchas been carried out in air atmosphere witmouvacuum.

lo counts: 256 Baso@)

eV

Fig. 4. EDX analysis of Al,O3+TiO+M o coated surface

418



V. Gnanamoorthi and G. Devaradjane J. Chem. Pharm. Res,, 2015, 7(2):416-422

1 2 1 7 8 9 k)

Fig. 5. EDX analysis of Ni-Cr bond, coated surface

PERFORMANCE ANALYSIS

Brake Thermal Efficiency

The variation of brake thermal efficiency with beagower is shown in Fig.6. It can be observed ftbmresults
that the Thermal Barrier Coated in piston decreBSISC and improves the thermal efficiency when carag with
uncoated engine. This may be due to increased t@tope of the piston crown which increases the tratpre of
cylinder gas and wall results in higher temperatatre&eombustion chamber. The combustion conditicesoime
more favorable which results in shortening ignitidelay time in coated engine affecting both thendkal and
physical reactions positively. It is believed thhis situation contributes to decrease BSFC whenpeoed to
uncoated engine. The ceramic coating has low tHeramluctivity which enhances higher operating terapure of
the engine. The efficiency was increased due torgdection in heat transfer from the cylinder wadiring the
combustion or expansion, from the graph BSEC ofntla¢ Barrier coating Engine is compared to uncoategine.
Which results in decrease of BSFC by 6.55 Kg/KWahd BTE is increased by 4.90%
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Fig. 6. Variation of BTE for neat diesel and Ethanol-Diesel blendsin uncoated and coated engine

EMISSION ANALYSIS

Hydrocarbon Emission

Fig.7. Shows the hydrocarbon emission with brakegyolt can be observed from the results that TlatBarrier
Coating in piston crown decreasing HC when compavigd uncoated engine. The unburned hydrocarborsson
is reduced, when the engine runs with TB coatirige €thanol has the high latent heat of vaporizadiot lower
cetane, which reduces the cylinder temperaturetamudts the more cooling effect on the cylinderlwslbwer
evaporation of cool flame and reduces chemicaltkineThe HC emission rises evident with the insieg content
of ethanol uncoated combustion chamber retardgttiton delay with more flame quenching. The H@igsion
reduces because of an increase in residual gastatage in the cylinder at higher load in the engifihe main
reason for this is, reduction in the un burned H@ssions is that higher in cylinder temperaturesults, decrease
the flame quenching thickness, the engine will hewiicient amount of oxygen in ethanol. As a resiilthis, the
HC will split into H and C which mixes with hereby reducing the HC emissions. From the graPtehhission of
thermal barrier coated engine compared to uncaatgihe

419



V. Gnanamoorthi and G. Devaradjane J. Chem. Pharm. Res,, 2015, 7(2):416-422

===  Diesel with out Coating

e Diesel with Coating
E50% with out Coating

=@ e+ E50% with Coating

8 B
8 8

&
3

1000

Hydrocar bon (PPM)
3
o

0 1 2 3 4 5
Brake power (kW)

Fig. 7. Variation of HC emission for neat diesel and Ethanol-Diesel blendsin uncoated and coated engine

Carbon Monoxide Emission
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Fig. 8. Variation of CO emission for neat diesel and Ethanol-Diesel blendsin uncoated and coated engine

Fig.8 shows the variation of CO with brake poweheTcarbon monoxide arises mainly due to incomplete
combustion, is a way to measure efficiency of costibn. Generally, oxygen availability in diesehigh.So at high
temperature carbon easily combines with oxygen raddces the CO emission. From the graph CO emission
different thermal barrier coated engine compareith whcoated engine. For Mo+A&):+TiO,, the CO is decreased
by 4% of its volume.
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Fig. 9. Variation of NOy emission for neat diesel and Ethanol-Diesel blendsin uncoated and coated engine

Fig. 9 shows the variation of NOx with brake powEne increase of NQOn the thermal barrier coated engine may
be the result of an increase in after combustiotptrature due to the ceramic coating.Mos€AlTi,OsTBC coated
engine shows a decrease in ,Ngnission when compared with uncoated engine.Abidithaof oxygen is high but
the availability of nitrogen is very less becauséhe presence of impurities. Generally, oxygenilabdity in diesel
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is high, so at high temperature nitrogen easily ltioes with oxygen, but availability of nitrogen\ery less due to
coating and forms less NO

Smoke Emission
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Fig. 10. Variation of Smoke emission for neat diesel and Ethanol-Diesel blendsin uncoated and coated engine

The Fig. 10 shows the emitted smoke opacity .This ke observed that smoke for thermal barrier doetiganol,
diesel blends were significantly lower than thesaguent neat diesel fuel in uncoated.The thernraiebacoated
engine smoke reduces due to holding more combutgimperature in the combustion chamber. Decreakddnt
heat of vaporization of ethanol causes decreas®iignition delay. Therefore the resulting tempam®is higher at
combustion chamber smoke opacity reduced for TBfinen The ethanol blends poor ignition charactiessiue to
its low cetane number, higher latent heat of vagaion and high ignition temperature are requidafito ignition.
Using thermal barrier coated engine it will overeothis problem the smoke opacity improves subsiliytiith the
introduction of TBC produced in the diffusion burn.

CONCLUSION

The coating material has been applied successfulthe engine piston as the thermal barrier coatihg diesel
engine prevents excessive heat loss during conaousflue to this coating, the heat loss throughpiston is
reduced and the temperature inside the combustiamber is increased. This leads to increase iretfeetive
efficiency of the ethanol diesel blend engine. Témperature inside the combustion chamber increasgso the
volumetric efficiency also increase. The TBC tecjuai is very much useful to reduce the waste h¢attien and
hence the efficiency of the engine is slightly eesed through this project. If the coating is agplio the inner
surfaces of the combustion chamber like cylindexdheombustion chamber wall, valves and piston, ahsre will
be a bright chance to increase the efficiency buceg heat loss.

» The brake thermal efficiency was increased in TBGime mainly depends upon the thermal conductwitthe
material. For Mo+AJO;+TiO,, The BTE is increased by 4.90%

» The brake specific fuel consumption was decreas&BIC engine. For Mo+AD;+TiO,, the BSFC is decreased
by 6.55 Kg/KW.hr

» The carbon monoxide was decreased in the TBC ettyidéo of volume.

» The hydrocarbon emission was decreased in the Tighe by 6 ppm.

» Thermal barrier coating in piston crown increas&@xMmission by 28ppm.
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