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Abstract: The vitality request worldwide is expanding at quick rate, in this way it
isfundamental as better and compelling usage of accessible vitality by utilization of
suitableinnovation at least cost. The internal combustion engine has discovered wide
application
intransportation.Inthepresentpaper,nearinvestigationonEngineutilizingtwodiversebettercom
bination materials is finished. Impressive endeavours were made to create
progressadiabatic motor and mean to lessen warm lost. Logical examination is done under
varioustemperatureandwarmthtransitionconditiononacylinderfordieselengineignitionchambe
r.Theamalgams,forexample, TitaniumcompositeandNimonicareutilizedtolocatethebestperfor
mance. Theoutcomeswerecontrastedandbasemotorandtwodistinctive LHRE. The TITANIUMi
mprovedPistonisdiscoveredhavingbestperformanceanddischargequalities. Thecommotionlev
elwasdiscoveredpalatablewithoutthumpinginEngine. Theanalysishasbeencarriedoutbyusing
ANSYSworkbench15.0.

Keywords:Engineperformance,Emission, Thermalanalysis.

Introduction:Researchfordiminishingexpensesandexpendedfuelininternalcombustionengin
esandtechnologicaldevelopmentthinksresearchabouthavebeenproceeding. Engineefficiency
change endeavours through constructional adjustments are expanded today;
forexample,paralleltoimprovementofcuttingedgeinnovationpottery,claycoveringapplications
ininteriorignitionmotorsdevelopquickly. Toenhanceengineperformance,fuelvitality must be
changed over to mechanical vitality and no more conceivable rate. NonCoted burning with
low warmth directing artistic materials prompts expanding temperatureand weight in
interior burning motor chambers. Subsequently, an expansion in engineefficiency ought be
watched [1]. The main focus areas of today’s in IC engine are higherthermal efficiency
with  minimum  emission. The amount of total energy  developed
duringcombustioninl.C.engineisnotfullyconvertedintousefulwork.Inl.C.engineaboutone-
third of the total energy use in brake power while about 30-33 % energy is lost in
coolingwaterandtherestinexhaustgases. Theheatlostfromengineboundariesduetoradiation,
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convection and conduction. Further in case of auto vehicle only about 10-15 % of energy
iseffectively use to propel the vehicle out of about 33% available energy. Hence in
overallthereisalargeamountofenergylossfromengine. Akeyroleisperformedbylubricantoilindi
eselenginetoimprovemechanicalefficiency.Manyresearchdevelopmentprogramshavebeen
arranged in world during the 40-years to improve the efficiency of the IC engine,particular
diesel engine. The adiabatic engine is one of the programs to develop an
enginewithhigherefficiency.[2]

Objectivesofstudy
1. Toenhancethedesignofl.Cenginepiston.
2. Tostudytheapplicationsofl.Cenginepiston.

3. Tounderstandthepropertiessuchasmechanical,electricalandthermalpropertiesofCoated
&Non-Coatedalloys.

4. TostudytheusageofCoated&Non-Coatedalloys.
LITERATUREREVIEW:

Recently, much attention has been focused on TBCs for turbine engines. However,
theservice environment of the coating in the turbine is markedly different than in the
dieselengine. In the former, the service temperature is high (1000-1100°C). The super
alloysubstrate’smaximumser-
vicetemperatureisabout800°C.Thethicknessofcoatingisafewhundredmicronsandisappliedtop
rotectagainstoxidation,hotcorrosion,thermo-mechanical fatigue and creep. Due to the high
substrate temperature, oxidation of the bondcoat plays a major role in coating failure. On
the other hand, in the diesel engine the
gastemperature,currentlylessthan750°C,wouldideallyapproach900°C.Thesubstratetemperatu
reislimitedtoapproximately200°C,andthereforeathickcoating(atleastlmm)isrequiredwhichlea
dstoahighthermalgradient.Inathickthermalbarriercoating(TTBC)thebond coat temperature is
too low for severe oxidation and <creep [3]. In a thick TBC, a
lowTECisdesirableforthehotsurfacetominimizethermallyderivedstressesandsensitivitytother
malshock.AlargeTECmismatchwiththemetallicsubstratelimitscoatingadhesion. Amulti-
layersystemmaypermittheseopposingrequirementstobesatisfied. Asetofchemically
compatible materials have been identified which offer a range of TECs
andacceptablethermalconductivities.Coupledanalysisofthetemperatureandstressdistributiont
hrough the thickness of the multi-layer coating is underway to evaluate stress levels in
thecoatingduringandafterdepositionandunderserviceconditions. Thegoalistooptimizethethick
ness of each layer to minimize the stress in the coating under service conditions
[4,5]. Thedetailsofinsulatedpiston,insulatedlinerandceramiccoatedcylinderheademployedin
the experimentation are discussed. LHR diesel engine contains a two part piston, the
topcrown made of low thermal conductivity material, superni90 screwed to aluminium
body ofthe piston, providing a 3mm air gap in between the crown and the body of the
piston. Theoptimum thickness of air gap in the air gap piston is found to be 3mm. [6, 7] for
betterperformanceoftheenginewithsupernalinsertswithdieselasfuel. Asuperni90insertis
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screwedtothetopportionofthelinerinsuchamannerthatanairgapof3mmismaintainedbetween
the insert and the liner body. At 500 o C the thermal conductivity of superni90
andairare20.92and0.057W/mKrespectively.Partiallystabilizedzirconium(PSZ)ofthickness50
Omicronsiscoatedbymeansofplasmacoatingtechnique. Experimentalsetupusedfortheinvestigat
ionsof LHRdieselenginewithpuredieselisshown[8].Azerodimensional,multizone model is
attempted to predict the performance of LHR diesel engine, with air
gapinsulatedpistonandliner.However,therearecertainassumptionssuckas

1) Thereisnointeractionbetweentwoelements,

i1) Pressureisuniformovertheentirecombustionchamber,

ii1) Fueljetbreaksintodropletsrightattheexitplancofthenozzleand
iv) Injectionpressureandinjectionrateareconstantoveracycle.
TheconceptofdividingsprayissimilartothatofHiroyasu[9,10]

The motivating force behind the low heat rejection (LHR) engine has been the prospect
todecrease of cooling load. Cooling system is there to keep engine-operating tempera-
turesdown to levels tolerated by currently used constructional materials and lubricants. If
theenergynormallyrejectedtothecoolantcouldberecoveredinsteadonthecrankshaftasusefulwor
k,thenasubstantialimprovementinfueleconomywouldbeobtained.Increasedthermalefficiency
and elimination of the cooling system are the major promises of the LHR engine[11]. On
the other hand, the LHR engine designs promise to meet the increasingly
stringentregulations in the areas of fuel economy and permissible emissions levels [12, 13].
At
thesametime,exhaustenergyrise,whichaccompaniesthis,canbeeffectivelyusedinturbocharged
engines. Higher temperatures in the combustion chamber can also have
apositiveeffectondieselengines,duetotheself-ignitiondelaydrop[14,15].CanHasimogluat  al
[16] conducted various experiments on a turbocharged direct injection diesel enginecoated
with CaZrO3 using diesel and biodiesel fuels and reported that with the LHR
dieselandSTDdieselconditionsthebrakethermalefficiencywasincreasedapproximately3%,4%
and 6.5%, respectively as shown Fig.1, compared to STD diesel condition. This can
beexplained as follows: although there is a difference between fuels lowers heating values
ofapproximately 14%, the engine power and torque decrease to a maximum of 4.5%. It
isestimated that these circumstances increased the brake thermal efficiency in STD
biodieselcondition. In LHR biodiesel and LHR diesel conditions due to the reduction of
specific fuelconsumption, the brake thermal efficiency was increased. [17, 18]. Volumetric
efficiency isan indication of breathing ability of the engine. It depends on the ambient
conditions andoperating conditions of the engine. Reducing heat rejection with the addition
of
ceramicinsulationcausesanincreaseinthetemperaturcofthecombustionchamberwallsofanLHR
engine. The volumetric efficiency should drop, as the hotter walls and residual gas
decreasethedensityoftheinductedair.[19,20]
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Materials: Asteadystatethermalanalysisisdoneforthepistonwitha crownandmaterialssuch as
Titanilum Alloy and Nimonic Alloy are used for finding the performance
andemissionintheengine.

Material: TitaniumAlloys-
Ti6A14VGrade5
Minimum Maximum
Property Value(S.1.) Value(S.1.) Units(S.1.)
Density 4.429 4.512 Mg/m3
BulkModulus 96.8 153 GPa
CompressiveStre 848 1080 MPa
ngth
ElasticLimit 786 910 MPa
Hardness 3370 3730 MPa
ModulusofRupture 786 1080 MPa
ShearModulus 40 45 GPa
TensileStrength 862 1200 MPa
Young'sModulus 110 119 GPa
LatentHeatof 360 370 kl/kg
Fusion
MeltingPoint 1878 1933 K
SpecificHeat 553 570 J/kg K
ThermalCondu 7.1 7.3 W/m.K
ctivity
Resistivity 168 170 10-8ohm.m

Meshing: The model has been mesh with tri mesh of surface 2d element after importing
themodeltoAnsysworkbench.

NONCOATEDMATERIALASTITANIUMALLOY:

800 050 18800 fmm
— '_.“_ i
)

Figurelshowstotalheatfluxpistonwith TITANIUMALLOY
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In thisitisobservedthatwhen the piston with crown issubjectedto heatflux
theminimumvalueobtainedis1.056e”’W/mmZandthemaximumof0.22733W/mm?®

Figure2showstemperaturevariancepistonwithTITANIUMALLOY

Inthisitisobservedthatwhenthepistonwithcrownissubjectedtotemperaturetheminimumvalueobta
inedis424.01°Candthemaximumof450°C.

NONCOATEDMATERIALASNIMONICALLOY:

A

Figure3showstotalheatfluxpistonwithNIMONICALLOY

£ 0008 o)
=m )

Figure4showstemperaturevariancepistonwithNIMONICALLOY COATEDMAT

ERIALASTITANIUMALLOY
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A

Figurelshowstotalheatfluxpistonwithcrownof TITANIUMALLOY

am b P00 rrer

Figure2showstemperaturefluxpistonwithcrownof TITANIUMALLOYCOATED

MATERIALASNIMONICALLOY:

Figure4showstotaltemperaturepistonwithcrownofNIMONICALLOY
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Table4.1pistonwithnoncotedmaterialastitaniumalloy

PARAMETERS MAXIMUMVALUE MINIMUMVALUE
Heatflux 0.22333 1.0563e-7
Temperature 450 424.01

MINIMUMVALUE

MAXIMUMVALUE

M Heatflux

B Temperature

Graph4.1Pistonwithnoncoatedmaterialastitaniumalloyvariations

TABLE4.2PISTONWITHNONCOTEDMATERIALASNIMONICALLOY

PARAMETERS MAXIMUMVALUE MINIMUMVALUE
Heatflux 0.065778 1.0065e-7min
Temperature 450 440.31
Temperature

2 % ., 1.0065e-7min

é g 2 B Temperature

IS 0.065778

P o D

430 440 450

GRAPH4.2PISTONWITHNONCOTEDMATERIALASNIMONICALLOYVARIATIONSTABLE

4.3 PISTONWITHCOATED MATERIALASTITANIUMALLOY

PARAMETERS

MAXIMUMVALUE

MINIMUMVALUE
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Heatflux 0.2904 7.536E-6
Temperature 450 435.03
MINIMUMVALUE
M Heatflux
MAXIMUMVALUE B Temperature
T I/ IK I'/ T 1
0 100 200 300 400 500

GRAPH4.3PISTONWITHCOATEDMATERIALASTITANIUMALLOYVARIATIONSTABLEA4.

4PISTONWITHCOATEDMATERIALASNIMONICALLOYVARIATIONS

PARAMETERS MAXIMUMVALUE MINIMUMVALUE
Heatflux 0.086763 7.7115e-6
Temperature 450 432.48
MINIMUMVALUE
B Heatflux
B Temperature
MAXIMUMVALUE
P
100 200 300 400 500

GRAPH 4.4 PISTON WITH COATED MATERIAL AS NIMONIC ALLOY

VARIATIONSTABLE4.SCOMPARISONOFPISTONWITHNONCOATEDTITANIUMALLOYANDCO

ATED
TITANIUMALLOY
NONCOTEDTITAN COATEDTITANI
IUM UM

PARAMETERS MAXIMUM | MINIMUM | MAXIMUM | MINIMUM

VALUE VALUE VALUE VALUE

Heatflux 0.22333 1.0563e-7 0.2904 7.536E-6

Temperature 450 424.01 450 435.03
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1] | | l |
COATED - B PARAMETERS
o ———
1, I [ 1 1 ] fluxTemperat
NONCOTED . P p P ) 1
0 100 200 300 400 500

Graph4.5comparisonofpistonwithnoncoatedtitaniumalloyandcoatedtitaniumalloyTable4.

6comparisonofpistonwithnoncoatednimonicalloyandcoatednimonicalloy

NONCOTED COTTED
NIMONIC NIMONIC
PARAMETERS MAXIMUMYV | MINIMUM | MAXIMUM | MINIMUM
ALUE VALUE VALUE VALUE
Heatflux 0.2904 7.536E-6 0.086763 7.7115e-6
Temperature 450 435.03 450 432.48
l ! I J
'
. I .
S NIMONIC [ [ | | ]- PARAMETERS
1 W Heatflux
: — (L [T T T
NIMONIC |5 . >, . =

Graph4.6comparisonofpistonwithnoncoatednimonicalloyandcoatednimonicalloy Table4.7

comparisonofpistonwithcoatedtitaniumalloyandcoatednimonicalloy

COATEDTITANIUM COATEDNOMONIC
PARAMETERS MAXIMUM MINIMUM MAXIMUMV MINIMUM
VALUE VALUE ALUE VALUE
Heatflux 0.2904 7.536E-6 0.086763 7.7115e-6
Temperature 450 435.03 450 432.48
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/] B PARAMETERS

COATEDNOMONIC

' M Heat

l

i

0 100 200 300 400 500

fluxTemperat

J 1
I |
L[
I |

COATEDTITANIUM

Y EN BN BN =

GRAPH4.7Comparisonofpistonwithcoatedtitaniumalloyandcoatednimonicalloyvariation
s

TABLE4.8COMPARISONOFPISTONWITHNONCOATEDTITANIUMALLOYANDNONCOA

TEDNIMONICALLOY
NONCOTEDTITAN NONCOATEDNIMO
UM NIC

PARAMETERS MAXIMUM | MINIMUM | MAXIMUM | MINIMUM
VALUE VALUE VALUE VALUE

Heatflux 0.22333 1.0563e-7 0.2904 7.536E-6

Temperature 450 424.01 450 435.03

2 NIMONIC B PARAMETERS
'_

M Heatflux

NONCO
TEDTITA |[NON
NIUM |COA

GRAPH4.8Comparisonofpistonwithnoncoatedtitaniumalloyandnoncoatednimonicalloy
DISCUSSIONS:

It is observed that the titanium alloy which is coated has a better performance results
ascompared to coated Nimonic alloy as well the non coated titanium alloy is also having
thebetterperformancethanthenoncoatedNimonicalloysoherewehadobservedthat

Material Heat Temperaturema | Temperaturemi
Heat flux flux | x n

maximum(W-mf2 minimum
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COATEDTITAN| 0.2904 7.536E-6 450°% 435.03%
IUM:

NONCOATED | 0.2233 1.0563¢e-7 450° 435.03
TITANIUM
COATED 0.08673 7.7115e-6 450°% 435.03
NIMONIC
NONCOATED | 0.2904 7.536E-6 450% 435.03
NIMONIC

Conclusion

Thecombustion,performanceparametersandexhaustemissionswereinvestigatedexperimentall
yintwodifferentTBCLHREdieselengines. Thefollowing were
mainconclusionsdrawn:i. Thespecificfuelconsumptionisreducedby20.58%and11.60%atfulllo
adconditioninTitaniumandNimonicalloycoatedClandY SZcoatedClenginerespectively.  ii.
Heat flux increase by 26.13% and 13.23% in Titanium and Nimonic alloycoated CI and
Titanium and Nimonic coated CI engine respectively. iii. The 10.50% and5.26% higher
peak cylinder pressure produce in Titanium and Nimonic alloy coated CI andYSZ coated
CI engine respectively. The better combustion characterizes found in Titaniumand Nimonic
alloy coated CI engine. iv. Heat used in brake power of CI engines are betterthan the base
engine. The heat lost in exhaust gas and heat lost in cooling water was
foundmoreinClenginethanthebaseengine.Heatlossasanunaccountedwasreducedby55%inLH
REengine. AfterallheatbalancesheetimprovedinClengines.v.CO,HC,smokedensitylevelreduc
edandNOxlevelfoundhigherinClengine.vi.NoiselevelwasfoundsatisfactoryinbothtypeofClen
gines.vii.ComparativelyTitaniumandNimonicalloycoatedClenginefoundbettercombustion,p
erformanceandexhaustemissions.
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