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Abstract

Growing concern regarding enhancement of engeréormance associated with reduced emission leslger EURO norms
and to meet increasing energy requirements forgtioeving population aninterest has been createdtudysrenewable and
alternative fuels for internal combustion enginkliernative fuels like biodiesels offer a very prising alternative to diesel olil
since they are renewable and have similar propettifossil diesel. Biodiesel derived from Uppagiepoovide more suitable
diesel substitute for compression ignition (Cl) ieeg. Use of biodiesel in the CI engine lowers ¢hgine’'s performance and
increases the hydrocarbon and carbon monoxide iméssBut proper deployment of blending the biodiesith diesel and
adopting thermal barrier coatings (TBC) on engimsonm, cylinder wall, and inlet and outlet valves rhake the engine fully
adiabatic will enhance the overall engine perforogarn view of this experimental tests on diesegjiem using Uppage oil methyl
ester (UOME) and its blends in a TBC diesel engisiag partially stabilized zirconia (PSZ) and alomim oxide (AbO3) ceramic
coated engine components were undertaken. The brekmal efficiency, specific fuel consumption, lman monoxide, unburned
hydrocarbon and oxides of nitrogen emissions dfi lbi¢sel and UOME and its blends were measuredéafud after coating and
the results are compared. B20 fuelled biodiesel R8@ coated engine provides almost comparable ermgnformance with
acceptable emission norms. However, the longeV¥ilyBC in diesel engines needs to be ensured béfeen provide a sustained
performance compared to blending option.
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1. Introduction

Renewable and alternative fuels have numerouardages compared to fossil fuels as they are railewand biodegradable
besides providing energy security and foreign ergkasaving addressing environmental concerns, agid-economic issues as
well (Banapurmatlet al., 2011, Yaliwalet al., 2014). In view of this, renewable fuels can Isedias fuel for transportation and
power generation and agricultural applications. e8alvinvestigators conducted exhaustive experimentshe use of various
biodiesels of different origin in compression igmit (Cl) engines for short and long term trial rui®day, use of biodiesels
derived from biomass is more reliant for addressingjo-economic values. Hence, renewable and sasiai source of energy is
essential for economic and social development. &fisting energy sources of energy from fossil fuaksy not be adequate to
meet the ever increasing energy demands. The diniing and continuous increasing cost of petrolegsources associated with
their alarming pollution levels from diesel engiess caused an interest in finding renewable,retere and sustainable fuels to
fossil diesel. Researchers have found that, thkebttaermal efficiency of biodiesel operated sinfylel engines were far lower
compared to diesel operated engines and suggéstedHis can be enhanced by improving the fueperies, adopting different
engine operating parameters or altering enginegdesic. In order to address this, many researcuéestists have proposed
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different solutions for enhancing the performandéeadbiodiesel operated engine (Agarwal and Rajamaramet al., 2009;
Fontaraset al., 2009; Rahemasdt al., 2008; Atabanét al., 2013; Aydin and Bayindir, 2010; Banapurmattal., 2009; Buyukkaya
et al., 2006, 2007). India has implemented several @dlitowards renewable energy to reduce the hugarinad import bill of
crude oil. In view of this, India needs to becoral-geliance in energy sector (Agarwal 2009, Bamaath et al 2011).

Direct use of vegetable oil or biodiesel in @igime applications for longer duration of operatieads to some of the non-
recoverable problems. Therefore, they hinder thglieation of these fuels for long run trials (Agatwand Agarwal 2009,
Banapurmattet al., 2009; Atabanét al., 2013). Presence of high molecular weight fattyschigh viscosity and low volatility
character of raw vegetable oils are negativelycsfig their utilisation as fuels in diesel engin€hese effects can be eliminated
or reduced through proper modification of enginar{8urmathet al., 2009). Several investigators showed improved brake
thermal efficiency and reduced exhaust smoke eamissivith biodiesel blends (Bajpai and Sahoo, 2@a@ooet al., 2011; Aydin
and Bayindir, 2010; Banapurmathal., 2009; Singtet al., 2010; Atabanét al., 2013).

The effects of using neat cottonseed oil oniéat ME (methyl ester) bio-diesel, on the combushiehavior of a standard, high
speed, direct injection (HSDI) has been reportédvds reported that ignition delay was not muclectéd, the fuel injection
pressure diagrams were very slightly advanced apaomd with higher injection pressures, maximumincidr pressures
remained the same with the vegetable oil and $jightreased with the bio-diesel, and the cycliegularity was not affected
with the bio-fuels remaining at the acceptable leyRakopoulogt al., 2006, 2007). Feasibility of biodiesel and theirrals in
diesel engine applications has been reported bgrakvesearchers. Lower CO, &NO,, smoke emissions and lower brake
thermal efficiency with biodiesel and their blerajseration compared to diesel fuel operation has begorted (Singh et al 2010,
Atabaniet al., 2013). Lower and medium percentages of biodieaal gartially be substituted to the diesel fuel withany
modifications in diesel engine (Aydin and Bayindi10; Banapurmaté al., 2011). With HOME or Karanja biodiesel and their
blends operation higher CO, NG&moke emissions and lower brake thermal effigiemampared to diesel fuel operation has been
reported (Agarwal and Rajamanohaetal., 2009, Banapurmati al., 2008; Banapurmatét al., 2009).

Of the several technologies, thermal barriertinga(TBC) was conceived to improve the engine genfance by deploying
coatings on the engine components. Many studies haen conducted on the performance, structuradarability of the LHR
engine (Rakopoulos and Giakoumis, 2006, 200%jmhiaglu et al., 2008; Banapurmath and Tewari, 2008; Hazar anar \2D10;
Jaichandar and Tamilporai, 2003; Buyukkayal., 2006; Aydinet al., 2014; Aydin and Sayin, 2015). Most of the resbars
concluded that TBC act as insulation, reduces traasfer, improves thermal efficiency and increasesrgy availability in the
exhaust. Thermal barrier coatings are becoming rftapb for thermal insulation of LHR engine compoiserSeveral studies
named TBC as adiabatic or low heat rejection (LHHR])lity and this concept in standard diesel engihas been adopted using
different alternative fuels (Banapurmath and Tew2008). Various TBC materials were used and irelsiticon carbide, silicon
nitride, aluminium titanate, aluminium magnesiurticate, and ceramic such as aluminium oxide, plirtistablilzedzerconia
(PSz). PSZ has been found to be quite desirablead@batic engine applications. This is becausésoéxcellent insulating
characteristics, strength, and thermal expansiamnacieristics. They are coated on piston, cylifed, cylinder liner, and inlet
and exhaust valves for fully adiabatic engine amtions. The coating thickness varies from 1 to r&.nSome important
advantages of coated LHR engines are thmpraved fuel economy, reduced engine noise, amt-foel capability using
low cetane fuels of biodiesels ($#@oglu et al., 2008; Banapurmath and Tewari, 2008; Hard Ugur, 2010; Aydiet al., 2014;
Aydin and Sayin, 2015). The results of the invedtins have been contradictory in nature. Mosthefrt have concluded that
insulation reduces heat transfer, improves thegffadiency and reduces exhaust emissions. Howesagne experimental studies
have indicated almost no improvement in thermatiefficy and claim that exhaust emissions detegovdien compared with
conventional diesel engines (Aydihal., 2014; Aydin and Sayin, 2015).

In the present work, the main objectives of wark involves identifying suitable vegetable oilr fbiodiesel production i.e.,
UOME and its blends and their characterization finally its utilization in a TBC engine. Hence affogt has been made to
enhance the performance of the UOME fuelled diemgine using two thermal barrier coatings as welwi#h normal uncoated
engine when fuelled with UOME biodiesel and théérls derived from Uppage seed oil.

2. Characterization of Uppage oil: Garcinia Camboga (Uppage) oil as Biodiesel

Amongst the many species, which can yield oil asw@ce of energy in the form of bio-fuel, “Garcitéanbogia” (Uppagi) has
been found to be one of the most suitable speniédia being grown; it is Nfixing trace. It is tolerant to water logging, isel
and alkaline soils, and is grown in high rainfabion. Garcinia seeds contain 30 to 40% oil. Gécambogia belongs to the
family species. The tree grows in forest and isedgored species for controlling soil erosion ambing soil to roots because of
its dense network of lateral roots. The seeds amgely exploited for oil extraction which is welhé&wn for its medicinal
properties. So far there is no systematic organcigction of seeds. Mixture seeds consist of 3&¥nel and are reported to
contain about 27.0 to 40% oil. The yield of oiréported to be about 35 to 40% if mechanical erpelre used for the recovery
of oil from the kernels. The crude oil is brownd®@amy in color, which deepens on standing. Itehbiter taste and disagreeable
odour. Fig. 1 shows the Uppage biomass and Figo@sthe biodiesel preparation from Uppage oil.
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(a) Uppage Tree (b) Uppage Fruits  (c) Uppage Seeds
Figurel. Uppage biomass

(a) 3-Neck conical glass bottle for transesteatifiun, (b) Separation of Glycerine, (c) Washinghwibt water
Figure2. Biodiesel preparation

In the present study, Diesel, and Uppage oilhgietster (UOME) and its blends were used as iagedtiels. UOME was
obtained by transesterification process, wheretrigé/cerides of Uppage oil were transferred toitleerresponding monoesters
by the reaction of methanol in the presence ofisndiydroxide catalyst. Table 1 shows the compasitibUppage oil, its fatty
acids contribution, chemical formula, structure aémegir molecular weight with their chemical strugtuThe properties of UOME
were determined experimentally and are summarizdable 2.

Table 1 Fatty acid contribution of Uppage oil sample atiscchemical structure

Sl. No. Fatty acid Fatty acid contribution

1 Palmitic 3.7-3.9

2 Stearic 2.4-8.9

3 Lignoceric

4 Oleic 44.5-71.5

5 Lignoleic 1.8-18.3

6 Arachidic 2.2-4.7

7 Behenic

8 Linolenic

9 Eruceic

Table 2 Properties of fuels tested
Sl. No. | Properties Diesel Uppage oll UOME

1 Chemical Formula faHo4
2 Density (kg/m) 840 915 860
3 Calorific value (kJ/kg) 43,000 38950 40727
4 Viscosity at 40C (cSt) 2-5 44.85 5.2
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Table 2 (cont’d) Properties of fuels tested

Sl. No. | Properties Diesel Uppage oil UOME
5 FlashpointC) 75 210 178
6 Cetane Number 45-55 40 45
7 Carbon Residue (%) 0.1 0.66
8 Cloud point -2 18
9 Pour point -5 21
10 Carbon residue 0.13 0.55 0.01
11 Molecular weight 181 227
12 Auto ignition temperaturé@) 260 470
13 Ash content % by mass 0.57 0.01
14 Oxidation stability High Low Low
15 Sulphur Content High No No

3. Heat Release Rate Calculation

The heat release rate at each crank angle wadataidiy using a first law analysis of the averpgessure versus crank angle
variation obtained from 100 cycles using the foilogvexpression given below:

-y 1
Qapp = y—l[PdV] + y_l[Vdp] +Qwall

where,

Qup - Apparent heat release rate (J)
y - Ratio of specific heats,qC, — R)

R - Gas constant in (J / kmol-K)
C, - Specific heat at constant pressure (J / kni€)
\% - Instantaneous volume of the cylindef)(m

P - Cylinder pressure (bar)
Quai - Heat transfer to the wall (J)

Qwall =hx Ax[Tg —Tw]
4. Experimental Set-Up

Experimental investigations were conducted onfoar stroke single cylinder direct injectiowater-cooled compression
ignition (Cl) engine (Fig. 3) using TBC or LHR faty and UOME blends in the proportion of B20, B4B60 and B100. The
specifications of the engine are given in Tabl&t&e engine was operated at a rated speed of 1&0f The engine was having a
conventional fuel injection system and its speatiien was three holes of 0.3 mm diameter with a@ngle of 120° apart
following an injector opening pressure of 205 b20500 kPa) along with static injection timing 23&fdre top dead centre
(bTDC). The engine has regular governor used tdrabthe engine speed. The engine had hemispheastabustion chamber
with overhead valves operated through push rodsli@pof the engine was accomplished by circulatireger through the jackets
of the engine block and cylinder head. Experimevése conducted under a thermal steady-state conditi the engine with an
inlet cooling water temperature of 80°C. A piezatie pressure transducer was mounted flush wighctlinder head surface to
measure the cylinder pressure. The exhaust gassiemé were measured using an exhaust gas andlysader to study the
effect of TBCs on biodiesel engine performance TB&Ls of PSZ and AD;were selected. Figure 3 shows the piston and a#ind
head coated with PSZ to obtain an LHR coating.uféigl shows the piston and cylinder head coatdu AHO; to obtain another
LHR coating.

Table 3 Specifications of the engine

S| No Parameters Specification

1 Type of engine Kirloskar make Single cylinder rfostroke direct injection
diesel engine

2 Nozzle opening pressure 200 to 205 bar (200@0500 kPa)

3 Rated power 5.2 KW (7 HP) @1500 RPM

4 Cylinder diameter (Bore) 87.5 mm

5 Stroke length 110 mm

6 Compression ratio 175:1
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1- Control Panel, 2 - Computer system, 3 - Dieleal fine, 4 - Air flow line, 5 — Calorimeter, 6 -xBaust gas analyzer, 7 - Smoke
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Figure3. Overall view of the Experimental setup
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Piston coated with PSZ Cylinder head coatetl RZ
Figure4. PSZ coated piston and cylinder head

All measurements were done when engine wasnattasteady state. For each load, five readings wermerated to
ensureaccuracy of the data recorded @rdful experimental arrangements were made to rakessible to obtain consistent and
repeatable measuremeritsorder to reduce the error in the measuremepto$sions, five readings were recorded and only the
averages are presented in the graphs. The undgrt#ithe measured parameters was estimated witfidemce limits of +2
(95.45% of the measured data lie within the linofst2c around the mean). The percentage uncertainty efnteasured

parameters was estimated using the following i&tati

Axi = 29% 100
Xi
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Piston coated with AD;Cylinder head coated with AD;
Figure5. Al,O; coated piston and cylinder head

5. Results and Discussions

In this section, experiments carried out on diesgjine with LHR (PSZ and AD; ceramic coatings) facility using UOME and
its blends is presented. In the present work, endith diesel in different such as B20, B40, B&itd B100 were used. Base
line readings and test trial readings were als@ggad with existing uncoated diesel engine forctmparative study. Inthe next
phase engine operation using UOME and its blendsadipn was compared and analysed with base laminrg.

5.1 Effect of biodiesel and their blends on thefgrenance of diesel Engine

The engine is operated on biodiesels of UOME awir thlends of diesel under variable load conditiansl compared with
diesel engine performance. Diesel operation wafpeed injection timing of 2BTDC, compression ratio of 17.5 and injection
pressure of 205 bar (205000 kPa) has been selémtébe engine operation. Engine operation with UDkéfers to optimized
engine conditions with IOP of 230 bar, IT of°BIDC, and compression ratio of 17.5 and injectahwi holes. While all other
blends run with diesel engine conditions of IOR@5 bar, IT of 22BTDC, and injector with 3 holes.

5.1.1 Performance Parameters:

Variation of brake thermal efficiency w.r.t brakevger for respective biodiesel and their blends wlitsel is presented in Fig.
2. There is a steady increase in efficiency as loatkases. The brake thermal efficiency with BBhd operation is closer to
diesel operation. Further it is observed that thvess decreased brake thermal efficiency when bsedligroportion in the blend
increases. Poor combustion characteristics of kwedis due improper atomization due to increasecbsity of blend caused by
the more addition of UOME is responsible for tmentd. The B20 blend of UOME showed better perfomeatompared to that of
other blends tested. Diesel being common propedies respective biodiesel in the blend are obvioussponsible for this
behaviour. The maximum brake thermal efficiencyueabbserved with B20, B40, B60 and B100 operati@newfound to be
26.55 %, 26 % and 25.00 % at 80 % load compar@d 57 % with diesel.

5.1.2 Emission parameters

Effect of blends on the smoke emission w.r.t déférloads for various fuel combinations is showkim6. It is observed that
smoke emission levels were increased with increaead. Increased fuel consumption with increastwad may be responsible
for this observed trend. Results were showed losveoke levels for diesel operation compared to UOMBwever, higher
biodiesel proportion in the blend leads to incrdasmoke levels. The possible reason for this belavs mainly due to increased
viscosity of the blends caused by the addition oferbiodiesel. The greater smoke opacity for UOME their blends is mainly
attributed to emission of higher molecules of H@ @articulate due to incomplete combustion. Presarfidree fatty acids in an
UOME, lower energy content, improper mixing of fald air due to improper spray pattern and lowenlagstion temperature
are also responsible for this trend. Further, #gen that B20 operation resulted in lower smolkeléecompared to other blends
tested. Addition of lower biodiesel improves themtmstion due to presence of oxygen in the biodiésmds to improved
combustion and soot oxidation. The smoke level8f0, B40, B60 and B100 operation were found t@®&5 HSU, 26 HSU %
and 25.00 HSU at 80 % load compared to 27.57 WikJdiesel.

Variations in HC and CO emission levels w.r.t Idad various fuel combination is presented in Figidrand 8. HC and CO
emissions were increased with increase in loadsdbieperation resulted in lower HC and CO levelsgared to biodiesel and
their blends. Biodiesel has higher viscosity anghbr fatty acids leads to improper fuel and airingxcaused by the improper
spray pattern. Lower oxidation rate caused by redumlumetric efficiency is also responsible foe thbserved trend. Lower
premixed combustion during ignition delay may addgfiect the combustion. Hence, biodiesel and thkindis resulted in lower
combustion temperature compared to diesel leadirggher HC and CO levels. However, B20 resulteckptable HC and CO
levels compared to other blends tested. Thereffocan be concluded that properties of the fuetus®d amount of oxygen taking
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part in the combustion plays a significant roleaéducing such emission levels during combustiore FIE emissions with B20,
B40, B60, B80 and B100 operation were found to 8¢ @pm, 772 ppm and 770 ppm at 80 % load compard®® ppm with
diesel operation. Similarly CO emissions with BB&0, B60, B80 and B100 operation were found to & gpm, 772 ppm and
770 ppm at 80 % load compared to 790 ppm with Higzseration.

Speed: 1500 rpm

Injection timing: 23BTDC

Injection pressure: 205 bar

CR: 17.5, Injector: 3 hole, 0.3 mm di

Fuel: UOME and its blends —
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B40
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B100 (UOME)

Brake thermal efficiency (%)
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Brake power (kW)

Figure6. Variation of brake thermal efficiency for UOME atieeir blends

909 Speed: 1500 rpm
1 Injection timing: 23BTDC
80 Injection pressure: 205 bar
1 CR: 17.5, Injector: 3 hole, 0.3 mm dia.
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Figure?. Variation of smoke opacity for UOME and their blend

Variations in NQ levels w.r.t load for various fuel combinationgsesented in Figure 6. NOx emissions were increassd
increase in load. Diesel operation resulted in &igROXx levels compared to biodiesel and their bierBiodiesel has higher
viscosity and higher fatty acids leads to lowernuiseed combustion phase resulting reduced NOx eomnisi&vels. Hence,
biodiesel and their blends resulted in lower rdtbeat release during the premixed combustion phasgared to diesel leading
to lower NOx levels. However, B20 resulted in #jidhigher NOx emissions compared to other blemdsed. From the results it
is claimed that properties of the fuel plays a igant role during burning of fuel. The NO emisssowith B20, B40, B60, B80
and B100 operation were found to be 784 ppm, 772 apd 770 ppm at 80 % load compared to 790 ppmdiétel operation.
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100 Speed: 1500 rpm —u— Diesel
1 Injection timing: 23BTDC —e - B20
901 Injection pressure: 205 bar B40
80_' CR: 17.5, Injector: 3 hole, 0.3 mm dia.Y— B60
| Fuel: UOME and its blends B100 (UOME

Hydrocarbon (ppm)

; ; . ; . ;
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Brake power (kW)

Figure8. Variation of HC emission for UOME and their blends
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1 Fuel: UOME and its blends
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Brake power (kW)

Figure 9. Variation of CO emission for UOME and their blends

5.1.3 Combustion parameters:

This section discusses the various combustion peteamwith UOME operation in TBCs mode of engineragion.The effect
of brake power on ignition delay for respectivedigsel and their blends with diesel at 80 % loaghiswn in Fig.10. The ignition
delay is calculated based on the static injectionng. Biodiesel and their blends showed longeitign delays as compared to
diesel due to their lower cetane number and eneogyent. Diesel showed lower ignition delay comgatie biodiesel and their

blends.
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1 Speed: 1500 rpm
12004 Injection timing: 23BTDC
1 Injection pressure: 205 bar

10004 CR: 17.5, Injector: 3 hole, 0.3 mm dia.
Fuel: UOME and its blends
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Figure10. Variation of NOx emission for UOME and thditends
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Figurell. Variation of ignition delay for UOME and their Ioiés

The combustion duration shown in Fig. 11 waswated based on the duration between the stacbwibustion and 90%
cumulative heat release. The combustion duraticreases with increase in the power output withtel fuels. This is due to
increase in the quantity of fuel injected. Highembustion duration is observed with biodiesel drartblends than diesel due to
longer diffusion combustion phase. The B20 blentin©OME (B4nome20) showed lower combustion duration when compéwed
that of COME (Bome20) and RUOME (B,ome20). Diesel being common the properties of theaetpe biodiesel are obviously
responsible for this behaviour.

The cylinder pressure crank angle history isimietd for 100 cycles for respective biodiesel drartblends with diesel at 80 %

load and the average pressure variation with ceamde is shown in Fig. 12. The B20 blend of UOMBwad higher peak
pressure when compared to that of its other blebitsel quantity being higher improves cetane nuralné calorific value of the
B20 blend and the improved combustion results ginéii peak pressure.
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527 speed: 1500 rpm

507 Injection timing: 2¥BTDC
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Figurel2. Variation of combustion duration for UOME and thielends

85_' Speed: 1500 rpm
] Injection timing: 2¥BTDC
80 Injection pressure: 205 bar
1 CR: 17.5, Injector: 3 hole, 0.3 mm dia. S
S 759 Fuel: UOME and its blends y
g
o 70
S 4
& 65
o ]
S 60-
<
o -
55'_,,,, = —n— Diesel
50— —e—B20
. B40
45 —v— B60
; B100 (UOME)
40 T T T T T T T T T 1
0.00 1.04 2.08 3.12 4.16 5.20

Brake power (kW)

Figurel3. Variation of Peak pressure for UOME and their ben

5.2 Effect of Thermal barrier coating on the Parfance of the biodiesel Engine:
5.2.1 Performance parameters:

Effect of thermal barrier coatings (TBCs) on thediésel engine performance using PSZ ang®finbrake thermal efficiency
w.r.t various fuel combinations is presented inuréy13. It is seen that biodiesel operation reduitelower brake thermal
efficiency, but it can be improved by reducing Heat transfer rates through the cylinder and caoBuch a method called TBC
is used for the testing of fuel behaviour duringnbaistion. Investigations with TBC diesel enginewgbd improved thermal
efficiency with UOME biodiesel operation. It coulsk attributed to reduced heat transfer rate wittfCTéhgine compared to
normal engine operation. Reduced heat transfeeasas the combustion temperature, and facilitatdsin the comparatively
viscous UOME fuel better. Further, coating matesiath as PSZ showed better thermal efficiency coagpto ALO; operation.
UOME being common, the TBC material properties glaysignificant role on the combustion behavioud GME.
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Figurel4. Variation of brake thermal efficiency for UOME WiTBC

5.2.2 Emission parameters:
Smoke opacity:

The results of smoke opacity related to differemgiee loads and TBCs are presentedrigure 14 Formation of smoke is
basically a process of conversion of molecules 6f fdels into particles of soot.Higher smoke levietsn UOME operation is
mainly caused by its heavier molecular which resimito incomplete combustion. This could be dugstcombined effect of poor
atomization, irreversibility and lower calorific k@ as well. Resultsshowed that smoke opacity dseewith use of TBCs for
UOME due to better combustion caused by enhancetlmadation. Higher combustion temperature causimgeased flame
velocity resulting in better conversion of fuel egein to work is also responsible for this obserteend(Banapurmathet al.
2008). However, UOME operation with PSZ coatinghar reduces smoke emission levels compared f3Alperation. It could
be due to more complete burning of the fuel comimnacaused by better thermal properties of PSZtebesoot oxidation
associated with addition of more oxygen in presexidégh combustion temperature.
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Figurel5. Variation of smoke opacity for UOME with TBC

HC and CO emissions
HC and CO emission levels for different engine badth biodiesel engine coated TBCs are shown gurfés 15 and
16.Lower HC and CO emission levels for diesel operaiompared to UOME were observed.Improper spratepaif the
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injected UOME inside the combustion chamber resulis incomplete combustion with lowered BTE. Tloevér volatility of
UOME further results into lower combustion temperatand increased heat loss to cooling and suringadesulting into higher
unburned HC and CO emission levels. For the saimdidsel, lower HC and CO levels were observed WiBC operation
compared to normal engine operation. Use of oxyigehéuels in presence of high combustion tempeeapromotes better
combustion i.e. oxygen availability in biodiesetmmparatively higher and coupled with engine openaof TBC coatingcarbon
easily combines with oxygen and lowers both HC @ emission levels. This is the reason for HC a@demission reduction
with TBC operation. Therefore, it is observed ths¢ of TBC significantly lowers both HC and CO esigss. Further reductions
in emission levels were observed for UOME when e&gias operated on PSZ coating compared {0,8peration.ltcouldbedue
to the fact that engine operation with PSZ coatiogtributes positively tohigher combustion effiaign
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Figurel6. Variation of HC for UOME with TBC
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Figurel7 Variation of COfor UOME with TBC

Nitric oxide emission:

NOx emission is lower with UOME compared to diespkration (Figure 17). Lower combustion rates dwéntreased
ignition delay and EGT for UOME operation addshis toehaviour. However, use of TBC resulted in rimaily increased NOx
emissions than the normal engine operated on time $aels. Improved combustion of the biodieselraixture in TBC engine
during premixed combustion phase is responsiblehisrobserved trend. Increased gas and cylindérteraperature causes an
increase in NQ emission compared to uncoated engine. Factoritditioig and accelerating the reaction between exygnd
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nitrogen, increases the Nf@rmation.However, UOME operation with TBC resuliedNOx emission levels marginally nearer
compared to diesel operation. It could be attributebetter burning of the fuel resulting in slightiigher cylinder pressure due to
improved premixed combustion phase. It is obsethat for the same fuel and operating conditionsME operation with PSZ
coating resulted in slightly higher NOx emissiowdls compared to AD; operation. It could be attributed to reduced hesatsfer
rates and better thermal properties of PSZ whenpeoed to AJO; operation. In generaDiesel operation recorded higher
NOxemission levels compared to UOME operation.
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Figure18. Variation of NOx for UOME with TBC

5.2.3 Combustion parameters:

The effect of PSZ on ignition delay for UOME biosk# tested is shown in Figure 18. The ignition yédacalculated based on
the static injection timing. Diesel showed lowenitgpn delay compared to UOME biodiesels. Highescaisity and lower
volatility of the biodiesel leads to poor atomipatiand mixture preparation with air during the tgm delay period. However,
increased gas temperature in thermal barrier coatgthes improves combustion with shortened ignitielay and affects both

chemical and physical reactions positively. From figure, it is observed that UOME with PSZ reglite lower ignition delay
compared to AlO; operation.
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Figure19.Variation of ignition delay for UOME with TBC
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The combustion duration shown in Figure 19 wasutated based on the duration between the starbwibastion and 90%

cumulative heat release. It was observed thatdh#astion duration increases with increase in thego output with all the fuels

tested. This is due to increase in the quantitipefinjected. Combustion duration for UOMEwere fiduto be longer compared to
diesel due to its longer diffusion combustion phadewever, it could be lowered with increased ay#in temperature by
incorporating LHR facility. With the PSZ the comltioa duration was observed to be shortened compard8O; operation.
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Figure20Variation of combustion duration for UOME with TBC

The cylinder pressure crank angle history is olef@ifor 100 cycles for respective UOME at 80 % load the average pressure
variation with crank angle is shown in Fig. 20. TWOME with TBCs showed higher peak pressure whenpaoed to that of
normal engine operation. Reduced heat loss frorenigéne improved engine efficiency in TBC enginempion.
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Figure21Variation of Peak pressure for UOME with TBC
6. Conclusions

In the present work, improving the performanceietdl engine fuelled with non-edible derived bisgiesuch as UOME and
their blends have been undertaken. Experimentalsiigation results have been carefully analyzedthadollowing conclusions
are made from the observations recorded.

» The differences between saturated and unsaturated fatty acids of vegetable oils play an important role during combustion
and in the formation of exhaust emissions.
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» B20 is an attractive option as it improves engipefggmance significantly with reduced emission lsev&ubstitution of the
indigenous renewable and alternative fuel by fasgiroves the country economy. This option is maable if sufficient non-
edible oil seeds are available for biodiesel prafian and cost of biodiesel production are lowered.

» With both PSZ and ADscoatings the engine brake thermal efficiency isagickd. Providing TBC is limited to a certain
thickness and does not ensure a permanent layeangime components as it wears out after a longtidaraf engine
operation. This option is most favourable if it Gat as a permanent coating.

Performance of diesel engine with biodiesel lbarfurther improved if proper combustion and noz@emetry is adopted along

with blend and TBC selection. However, most bioeieperform better when torroidal combustion chanael injector opening
pressure more than 210baris used. Some biodiesgplére retarded injection timing while some othdvanced injection timing
for improved engine performance. Another interegfiact is to develop suitable injector and fuel jpufor biodiesel operation.
This option needs thorough investigation as eagtibsel is unique and may behave differently whesdun diesel engines.
On the whole it is concluded that UOME and theérlols operation could be used as an alternativeaar@vable fuels in diesel
engines. Running the engine in single fuel modé wWiese fuels requires no major modifications i éxisting diesel engine.It
can be concluded that B20 blended biodiesel wittrgmiate TBC along with optimized engine operattmpditionsas a future
work can significantly enhance the biodiesel fuglengine operation and the performance will therchmparable to diesel
engine.
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