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INTRODUCTION

In a standard engine, a big proportion of energydashed out through the cooling/ exhaust arrangem
By thermally insulate the engine’s piston top, eashand cylinder head, which progress the burninggss and
reduces the heat energy loss through exhaust gasidthe performance enlarged and emission dghed.
Subsequently, it can raise the power output, thugalsing the BTE and decreasing SFC. Diesel engiags a
dominant role in the agriculture, transport andustdal sector of all the countries due to its leighfficiency than
that of a petrol engine (Ahmet et al.). Even thoiglefficiency is higher, the maximum possiblei@éncy falls

between 30 to 40%. Apart from the various losseat taken away by cooling water, through combustitamber
walls contributes a significant percentage of tthtal heat losses. As per the second law of theymeaahics, by
minimizing the heat rejection rate, the efficienafythe engine can be improved. Low heat rejectishich is
called, as semi- adiabatic engine is one such @rdeveloped to reduce the heat lost through tmebostion
chamber walls. In this method heat developed ducmmmbustion was restricted to flow through the castion
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chamber wall. By this method, the heat availablg¢hi@ combustion chamber to convert it into mectameork gets
increased which may increase the power outputeftigine (Husnawan et al.). Earlier investigatioage reported that
the thermal efficiency of an LHR engine was lesgesuperior to a standard engine depends upotesheonditions and
the method used. From Dickey’s investigation, thermal efficiency of LHR engine is lesser than tbathe standard
engine, because of lower compression ratio andadegr combustion. Researchers (Jindal et al.) coed@n experiment
with a thin layer thermal barrier coated (TBC) emgto improve its performance and found that TBGimmhad a higher
thermal efficiency by 5-6%, 1-8% reduced specitielfconsumption and NOx emissions were reducedlby8% when
compared to the standard engines. Earlier invatsbigs on the LHR engine were conducted with didésel and less
attempt was made to test the LHR engine with bisfuAlumina with its excellent properties likes hignsulation,

toughness, and high expansion coefficient factas, used in this investigation and it acts as sel@mating material.
THERMAL BARRIER COATING

Thermal barrier coatings (TBC) are extremely supematerials systems usually constructive with attiet
surfaces of aero-engine parts, operating at eldv@imperatures, as a form of exhaust heat manageiftéa 10@m to
2mm coatings serve to insulate parts from big atdneled heat loads by using thermally insulatingenia which can
maintain a noticeable temperature dissimilarity aghahe load-bearing alloys and the coatings facetifMet al.).
These coatings can permit elevated working tentpera while preventing the thermal contact of gtrad parts,
extending part life by dipping oxidation and theffadigue. In conjunction with action film coolingBCs permit working
fluid temperatures higher than the melting pointhef metal airfoil in some turbine applications.elxa increasing demand
for higher engine operation (efficiency increasesigher temperatures), better durability/lifetinaand thinner coatings

reduce parasitic weight for rotating/moving compasethere is great motivation to develop new aththaced TBCs.

There is some Thermal Barrier Coating which exast®arth as follows:

e YSZ
e Mullet
e Alumina

+ Ce0O2+YSZ

* Rare — earth zircons

* Rare — earth Oxides

* Metal — Glass Composites

TBC coatings are fetching more general in autoneotipplication. They are distinctively designed tmidish
heat loss from exhaust system parts, includingifaéls, exhaust manifolds, downpipes, turbochargsings and exhaust
headers. This process is also known as "exhaustrheaagement”. When used under-bonnet, these havedsitive
effect of reducing engine bay temperatures, theeefeducing the intake air temperature. Althougtstho@ramic coatings
are applied to metal parts directly related toghgine exhaust system, technological advances How thermal barrier
coatings to be applied via plasma spray onto coitgosaterials (Sajith et al.). It is now commong@ao find ceramic-

coated components in modern engines and of higlepeaince components in race series such as Forlmula well as
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providing thermal protection, these coatings ase alsed to prevent physical degradation of the ositgp material due to
friction. This is possible because the ceramic natbonds with the composite (instead of mereigkatg to the surface
with paint), thereby forming a tough coating thaedn't chip or flake easily. Although TBC has bepplied to the insides
of exhaust system components, problems have bemmuetered because of the difficulty in preparing ithternal surface

prior to coating.

BIODIESEL

Biodiesel may be efficiently used in both when blles with diesel and impure form. Tests concedethéymotor
manufacturer in the European Union on blend wigseli up to 5-10%, or at 25-30% and 100% pure Haadeétter result
for each type of use. Minor modifications (sealfinmg) are requisite for utilize at 100% purity, less specifically
guaranteed by car manufacturers. The biodieseltanaportation fuel does not necessitate any aanthe distribution
system, as a result avoiding costly changes. Aldzssed biofuels have been hyped in the mediapageatial panacea to
our Crude Oil based Transportation problems. Algased fuels are being successfully tested by ti$e Navy Algae
based plastics show potential to reduce waste bacdcost per pound of algae plastic is expectedet@heaper than
traditional plastic prices. Methanol and Ethandlfis typically primary sources of energy; theg aonvenient fuels for
storing and transporting energy. These alcoholsbmmsed in "internal combustion engines as altemnduels”, with
butanol also having known advantages, such as lieingnly alcohol- based motor fuel that can begparted readily by
existing petroleum-product pipeline networks, iasteof only by tanker trucks and railroad cars. Biedl has been
established to have noteworthy ecological benefiterms of reduced global warming impact, redupetiutants, energy
independence and in agriculture. Various studie® lestimated that the use of 1 kg of biodieselddadhe reduction of
some 3 kg of CO2. Hence, the use of biodiesel t®sula significant reduction in CO2 emission (6998 less than
conventional diesel), particulate emissions an@motarmful emissions. Biodiesel is particularly lowsulfur, and have a
high lubricity and fast biodegradability (Karikalat al). Additionally, reducing pollutant emissioaieviates various

human health problems. The fuel properties aredist table.1

Table 1: Fuel Properties

Property Diesel | Jatropha Oil | Jatropha Methyl Ester
Density @26C, kg/m 840 900 880
Viscosity @ 40° C Cst 3 35.6 4.58
Flash Point ° C 75 240 165
Fire Point° C - 260 170
FFA Content (%) - 9.10 -
Moisture Content (%) - 0.5 -
Specific gravity @ 20°C| 0.84 0.9 0.88

Figure 1: Cmal Piston Figure 2: l[gme Setup
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Table 2: Engine Specification

Engine Make Kirloskar

Engine type 4 stroke, Single Cylinder Diesel Enging
Stroke x Bore 110mm x 87.5mm

Method of cooling | Water cooled

Horsepower 10HP

Compressionratio| 17.5:1

Rated RPM 1800

Load type Electric load bank

EXPERIMENTAL SET UP

The engine for the experiment is a single cylindiesel engine having 4.4 kW @ 1500 rpm. The engias
attached to an electric dynamometer to evaluatettgut. The fuel flow rate is measured with a herethe exhaust gas
analyzer to measure exhaust gas and the pressunie @ngle graph is obtained with a piezo-electresgure transducer.
The Coated Piston and trial arrangement are showigi.l and Fig.2. The smoke opacity was calculatedVL smoke
meter. NOx release was calculated by AVL Di-Gas lprer. An AVL combustion analyzer was utilized tongpute the
burning distinctiveness of the engine. The engjeed was 1500 rpm and the piston was coated witl2 ZAl2 O3 and
coating thickness of 150/150 microns. The injectiwassure of 200bar was maintained.The first engiitieout coating

was connected to eddy current dynamometer. The wese performed at dissimilar loads at constagedp

The experiment was conducted at 4 different loadllgia. 25%, 50%, 75% and 100% load. The requesitgine
load was tuned by the eddy current dynamometer.nete part of the test was carried out by usingdigsel [Jatropha].
The engine was permitted to run on diesel at stemmh speed for almost 10 minutes to reach thdestaimdition at the
less load. The following were made twice for avérggDuring the test, test parameters were obtaisadh as SFC,

Smoke Opacity ,and NOx. The table-1 shows the ptigseof neat diesel fuel.
The experiments were repeated for the following loimiations:
* Neat diesel fuel,
* Neat diesel with TBC,
* Neat Bio-diesel with TBC.

Subsequent to the untried study for a variety oicemtrations of Bio-diesel the finest concentratias found on

the basis of the BTE, mechanical efficiency, smadssity, hydrocarbon, and carbon dioxide pollution.
RESULTS AND DISCUSSIONS

The performance, burning and pollutant featuresa dighspeed single cylinder diesel engine at diffefoads
from no load to full load are discussed below astipe results obtained. Thus the result and disonsgere classified into

three categories they are as follows,
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Combustion Characteristics

P-0 HRR VS CRANK ANGLE
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Figure 3: Cylinder Pressure vs.r@nk Angle Figure 4: Heat Release Rate vs. @nk Angle

The cylinder pressure depends on the burningimatge burning stage. The higher cylinder presseresure the
improved burning and heat release. Figure.3 shbgslistinctive cylinder pressure disparity witlspect to crank angle at
75% of the load. It is prominent that the highesgsgure obtained for biodiesel is higher than thseline and diesel
readings, which is a significant improvement in twstion. Figure.4 show the variation of the ratéheét release with
crank angle at 75% of load. It is noticed thatlikat release rate for Biodiesel and thermal bacnated piston with diesel
is low as compared to standard diesel. This istdumaximum pressure obtained for both the Biodiasel thermal barrier

coated piston with diesel.

Performance Characteristics

LOADvs B.P. Load vs SFC

Diesel Diesel + Alumina Biodiesel + Alumina Diesel Diesel + Alumina Biodiesel + Alumina

BN W

BRAKE POWER (KW)
BN W s
SFC (KG/KWH)

Grnrwnen

0 25 50 75 100 0 25 50 75 100

LOAD LOAD

Figure 5: Brakmower vs. Load Figure 6F€ vs. Load

The above figure.5 shows the graph of load vs.épakver. It shows that the brake for the entirel isaequal as
the voltage and the current supply is same fothallcases. It is clearly observed that indicatedgpds increased with
increase with load. The indicated power of the eliégs more than the others, i.e. TBC coated pistith diesel and
Biodiesel. This happens due to the speed of thénerig more in diesel as compare to others. Itigiaus that SFC is
higher for lower loads and it is declining when tbad increase (figure.6). Furthermore, similar doated and uncoated
pistons, but at the upper load a considerable éhan@FC occurs in coated pistons. The decreaSé&Gfis almost equal
in both at 75% load and at the maximum load coowlifor coated piston and biodiesel. It is owinghat the TFC increase

for upper load conditions.
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Load vs BTE Load vs Mech.Eff.
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18 80
16 = 70
1 L: 60
L2 S o5
£ 10 =
£ =%
j I é 0
2 = 10
0 0
0 25 50 75 100 0 25 50 75 100
LOAD LOAD
Figure 7: BTE vkoad Figure 8: Mech.fEEvs. Load

Figure.7 shows that BTE is high for the TBC cogtéston with diesel when compared with the standangine
and TBC coated piston with Biodiesel, because efl#iss brake power/ lower loads. Then it has irse@awing to the
brake power increase. A considerable developmeuoitserved at 75% load conditions, the BTE is ireedaabove in the
coated piston with diesel. It is owing to the THQ-oated piston is lesser than the uncoated p&staib% load. From the
figure.8, it is noticed that the mechanical effiag is rising for the coated piston from lesserdla@nditions to a
maximum load conditions. The efficiency is condtai0% superior in the coated piston from fewerd®#o upper load
owing to the increase of indicated power in thetedaiston. Although the BP is similar for both tases at all loads, the

friction power is 0.6kW superior for uncoated pistoAs a result the mechanical efficiency is camttasuperior in the
coated piston.

Emission Characteristics

Figure.9 shows the pollutants of CO for differeméds. It is noticed that the CO is almost equalaibithree
conditions at different loads, but the emissiolC@f is very much lesser in thestandard enginesttia@BC coated piston
with diesel and biodiesel. Figure.10 shows theypatits of CQ for different loads. It is observed that the emisof CO,
is less for both the coated and the fuel additthes the normal diesel. This is because the comgiembustion of fuel

with respect to air fuel mixture.

co o,
m Diesel  m Diesel + Alumina Biodiesel + Alumina m Diesel  m Diesel + Alumina Biodiesel + Alumina
0.16 10
0.14
0.12 8
o L 6
S 0.08 S
0.06 4
0.04 2
Il e =
0 0
0 25 50 75 100 0 25 50 75 100
LOAD LOAD
Figure 9: CO Msoad Figure 1Q@O, vs. Load
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HC NO,
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Figure 11: HC vsold Figure:1R0y vs. Load

It is clearly observed that reduction trend in H&Z TBC coated piston with diesel and biodiesel uffegl1l).
Possible causes for HC emission are fuel-rich catidm, misfiring, flame quenching, valve overlapsl alesorption of
hydrocarbon from oil film in and around the cylind@hus the reduction in the emission of hydrocarlm notably a
significant improvement. The mechanism of NOx (fga2) formation of nitrogen highly depends onpenature, due to
the high activation energy needed for the reactio/mlved. Hence the more significant factor thatszss the NOx
formation is burning temperature and other factms combustion quality, injection period and inj@cttiming. By
implementing the TBC coated piston with diesel aratliesel increases the N@ut the emission is lesser in TBC coated
piston with diesel than the standard engine and TB&ted piston with biodiesel. Figure.13 shows thatemission of
smoke in various load conditions for dissimilarlfudt is noticed that the smoke increases withribe in the load. The
smoke is lesser in the TBC coated piston with kEs€li than the others. Figure.14 shows Exhaust &aperature
behavior of diesel, TBC coated piston with diesad diodiesel at different load condition. It obssahthat the EGT is

almost equal in all conditions.

Smoke(FSN) EGT

o Diesel Diesel + Alumina Biodiesel + Alumina m Diesel Diesel + Alumina Biodiesel + Alumina

4 600

500

400
300
200
100 I I
0
25 50 75

100
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~
EGT(DEGREE CELSIUS)

0 25 50 75 100 o

LOAD LOAD

Figure 13: Smoke vs. Load Figure 14: EGT vs. Load
CONCLUSIONS

As per our aim of improving the burning, performarand pollutant Characteristics of Cl engine bytDgathe
Piston head with a Ceramic Coating of Alumina,(@) Up to 250 microns. It had improved the burningtéees like
cylinder pressure and HRR for TBC coated pistorhwliesel and bio-diesel. As well as the performasttaracteristics
like BTE is improved up to 15.69 % for TBC coatedtpn with diesel when compared to others and Meichh
Efficiency is increased up to 67.9% for TBC cogpéston with Biodiesel when compared to others atiteOPerformance
Characteristics were also increased. Notably, tkkakst Emission like CO, Hydrocarbons, and Oxygerewalso
reduced. Thus the project conducted by implemerttiegThermal Barrier Coating in the Piston Head pagn a good

improvement in all burning, performance and emis$eatures of the tested Engine.
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