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Abstract

In this study, for the first time, a nanoceramic Al203 was used as a coating material in the low heat rejection engine concept.
Experiments were conducted on single cylinder, four stroke, water cooled, and direct injection diesel engine. First, the engine was
tested at different load conditions without coating. Then, combustion chamber surfaces cylinder head, cylinder liner, valves, and
piston crown face were coated with nanoceramic material of AI203 using plasma spray method. Comparative evaluation on
performance and combustion characteristics using diesel, multi-blend biodiesel and its blends was studied in the ceramic coated and
uncoated engines under the same running conditions. An increase in engine power, brake thermal efficiency and a decrease in specific
fuel consumption were observed in the ceramic coated engine compared to that of normal engine.
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1. INTRODUCTION

The rapid increase in fuel expenses, the decreasipgly of
high-grade fuels on the market, stimulated researchmore
efficient engines. Thermal barrier coatings providee
potential for higher thermal efficiencies of the gare,
improved combustion, and reduced emissions. Loweat h
rejection from the combustion chamber through tladiym
insulated components causes an increase in awit@tdrgy
that would increase the in-cylinder work and theoant of
energy transported by the exhaust gases, whichd dmilalso
utilized.

Energy demand around the world is increasing rgpédl a
result of ongoing trends in modernization and
industrialization. Most of the developing countrigaport
fossil fuels to satisfy their energy demands. Cquosetly,
these countries have to spend their export incoaraed
under severe conditions to buy petroleum produdtse
environment is also affected negatively due todbm@bustion
of fossil fuels. In the current situation, the maonsiderations
are the decrease in availability of fossil fuelsdan
environmental pollution. Therefore, it is necessarylevelop
low emission alternative fuels for diesel engings.a result,
vegetable oils are an important alternative fuelirse for
diesel engines. Higher flash points and better i¢aling
ability are the positive characteristics of biogledHowever,
high viscosity and low evaporation of vegetable-baited
fuels make their use as a fuel more difficult. Aupke of
methods are available for modifying vegetable tilsmake

them suitable for use in engines. Transesterificaias shown
good potential for reducing engine problems assediavith
vegetable oils. This process decreases viscosiyiraproves
the cetane number and heating value. Biodieselfighthat
can be wused directly in diesel engines without any
modification or with a small modification. The usef
biodiesel fuel improves exhaust emission valuestduggher
oxygen content. Although fuel characteristics afdiésels are
made similar to those of the diesel fuel with thelphof
transesterification method, their viscosity valgesiill higher
than that of the diesel fuel. To eliminate this atege effect,
biodiesel is introduced to the combustion chambftera
heating and thus can be used in diesel engines more
efficiently. However, the insulation of the combast
chamber elements causes an after-combustion tetapera
increase in ceramic coated diesel engines; biodiem® be
used more efficiently in these engines. Thus, leiseli can be
used without preheating in coated engines.

Ceramic coating is generally applied on the cylmuead, the

piston, and valves by plasma spray method. Codtirege

parts with ceramic also absorbs the negative effetiwear,

friction, heating, corrosion, and oxidation and tpots the

substrate. The temperature in the combustion chantbe
higher in the ceramic coated engines than thatnmbated

engines; it is possible to use lower-quality fugithin a wider

distillation range.
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2. MATERIALSAND METHODS
2.1 The Properties of Diesel Fuel and
Multi-Blend Biodiesel

The different properties of diesel fuel and JOME &OME
are determined and given in below table. After
transisterification process the fuel properties likinematic
viscosity, CV, density, flash and fire point getpiraved in
case of biodiesel. The calorific value of methyieess lower
than that of diesel because of oxygen content. flegst and
fire point temperature of biodiesel is higher thdwe pure
diesel fuel this is beneficial by safety considiers which can
be stored and transported without any risk.

Table 2.1 fuel properties

Properties Diesel Multi-blend
fuel biodiesel

Kinematic viscosity af 3.0 6.5

400 C (cst)

Calorific value(KJ/Kg)| 42680 40498

Density (Kg/m3) 0.830 0.880

Flash point (0C) 50 153

Fire point(0C) 57 163

3. EXPERIMENTATION

3.1 Engine Components

Figure.3.1 shows the line diagram or various components of
experimental set up.

The important components of the system are:
1. The engine
2. Dynamometer

Table 3.1 Gives the notations

PT Pressure transducer

N Rotary encoder

Wt Weight

F1 Fuel flow

F2 Air flow

F3 Jacket water flow

F4 Calorimeter water flow

T1 Jacket water inlet temperature

T2 Jacket water outlet temperature

T3 Calorimeter water inlet temperature = T1

T4 Calorimeter water outlet temperature

T5 Exhaust gas to calorimeter temperature

T6 Exhaust gas from calorimeter temperature

Table 3.2 Engine specifications

Manufacturer Kirloskar oil enginesl, India
Model TV-SR, naturadlgpirated
Engine Single cylindBt,
Bore/stroke 87.5mm/110mm
C.R. 16.5:1
speed 1500r/min, canst
Rated power 5.2kw

Working cycle
Injection pressure
Type of sensor
Response time
Crank angle sensor

Resolution of 1 deg

four stroke

200bar/23 def TDC

Piezo electric

4 micro seconds

1-degree crank angle

360 deg with a resolutib 1deg

Volume: 02 Issue: 08 | Aug-2013, Available @ http://www.ijret.orq

121




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

4 COMPARATIVE ANALYSIS OF
PERFORMANCE AND COMBUSTION
CHARACTERISTICS OF MULTI-BLEND
BIODIESEL BLENDS AND DIESEL ON NORMAL
ENGINE AND LOW HEAT REJECTION ENGINE:

4.1 Variation of Brake Thermal Efficiency with

Brake Power
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Fig 4.1 Variation of indicated mean effective pressure \
brake power

Fig 4.1 showsthe break thermal efficiency for mi-blend
biodiesel and its blends with respect to brake pofos
normal engine and low heat rejection engine. Theimam
efficiency obtained in the case of LHR engine fdelgith
biodiesel at full load was lower thatHR engine fueled witl
diesel and higher than normal engine fueled wigseli anc
biodiesel. The efficiency of normal engine JPD1 &mtR-
JPD1 at full load are almost same this is due tmpiete
combustion of fuel in thermal barrier coated eng

4.2 Variation of Mechanical Efficiency with Brake

Power
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Fig 4.2 Variation of mechanical efficiency with brake po

The variation of mechanical efficiency with brakewger, for
diesel and multblend biodiesel blends are as shown

figure.4.2for normal engine and LHR engine. The mechar
efficiency of diesel is slightly higher than the Iti-blend
biodiesel for both normal engine and LHR enginenfithe
graph it is evident that with increase in the coniion of

multi-blend biodiesel indiesel decreases the mechanical

efficiency. The maximum mechanical efficiency all foad
for LHR engine with D100 and JPD1 is 89.45 and &
which is higher than the normal engine with D106 4RD1 is
82.86 and 80.47 Here we can see the effect omal barrier
coating which increases the mechanical efficie

4.3 Variation of Specific Fud Consumption with

Brake Power
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Fig 4.3 Variation of specific fuel consumption with bra
power

Fig 4.3 shows the specific fuel consumption for n-blend
biodiesel and its blends with respect to brake pdae both
normal engine and LHR engine. At maximum load
specific fuel consumption of LHR engine fueled w
biodiesel is higher than LHR engine led with diesel and
lower than normal engine fueled with diesel anddlEsel.
This higher fuel consumption was due to the conbiefect
of lower calorific value and high density of biosé. The tes
engine consumed additional biodiesel fuel in orto retain
the same power output.

4.4 Variation of Indicated Mean Effective Pressure
with Brake Power
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Fig 4.4 Variation of indicated mean effective pressure \
brake powe
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The variation of the mean indicated pressure wétspect tc
brake power for diesel and mulifend biodiesel blends a
shown in figure 4.4ndicated mean effective pressure is |
for multi-blend biodiesel compared to diesel this is du
volatility and lower calorific value of multilend biodiesel

45Variation of Air-Fuel Ratio with Brake Power
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Figure 4.5 Variation of airfuel ratio with brake pow:

The variation of air fuel ratio for diesel and ni-blend
biodiesel is shown in fig 4.for both normal engine and LH
engine. Because of increased temperature and ctw
combustion the fuel consumption is higher in caé R
engine. Air fuel ratio decreases with increaseosudl becaus
air fuel mixing process is affected by the diffity in
atomization of biodiesel due to its higher visops

4.6 Variation of Exhaust Gas Temperature with

Brake Power
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Fig 4.6 Variation of exhaust gas temperature with brakegs

The variation of exhaust gas temperature for diaadl muli-
blend is shown in fig 4.6or both normal engine and LH
engine. When bio fuel concentration increases endilesel the

exhaust temperature increases due to thermal baoéing.
Also as the load increases the exhaust gas ternpe
increases.

4.7 Variation of Volumetric Efficiency with Brake

Power
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Fig 4.7 Variation of volumetric efficiency with brake pov

The variation of the volumetric efficiency with pect to
brake power for diesel and mi-blends is shown in figure 4.7
From the above graph we concluded that there isnooh
difference in volumetric efficiency with each loadut
volumetric efficiency for N-D100 is slightly higher than the
LHR-D100, because of increase of temperature due tmé#i
barrier coating.

4.8 Variation of Crank AngleV/S Cylinder Pressure
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Fig 4.8 Variation of crank angle v/s cylinder pressi

In a Cl engine the cylinder pressure is dependshenfue-

burning rate during the premixed burning phasectvim turn
leads better combustiand heat release. Figure shows the
typical variation of cylinder pressure with respéatcrank
angle. The cylinder pressure in the case of bietiéseled
LHR engine is lesser than the diesel fueled LHRiren@nd
higher than conventional engine fed with diesel and
biodiesel. This reduction in the cylinder pressoray be dut
to lower calorific value and slower combustion &
associated with biodiesel fueled LHR engi
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CONCLUSIONS

The following conclusions were drawn from the expental
analysis carried out on normal engine and LHR endor
different loads:

It is observed that JPD1 multi-blend biodiesel has
mechanical efficiency, specific fuel consumptiondan
indicated thermal efficiency almost nearer to thesel
fuel

» There is slight increase in brake thermal efficiemdich
is a positive sign with this blend. In case of ppaéssure
it is seen that there is almost same pressure asoth
diesel fuel. So it can be concluded that the mbl#ird
biodiesel can be used without any modification fe t
existing engine which will result isaving of diesel fuel
for certain extent without any compromise with stz
performance and combustion characteristics.

»  After little modification in engine, it is obsemethat
there is increase in the performance of paramsters as
brake thermal efficiency, mechanical efficiency dmdke
mean effective pressure and there is decreaseeirifisp
fuel consumption, volumetric efficiency comparedthe
normal engine.

* The use of multi-blend biodiesel in insulated eeggave
the highest brake thermal efficiency at all loadse to
the better utilization of the higher amount of eyer
conserved inside the combustion chamber.

* By the application of the thermal barrier coatinge
improvement in the specific fuel consumption cauaed
increase of the brake thermal efficiency for mblénd
biodiesel in LHR engine.

e The Volumetric efficiency drops due to the higher
cylinder temperature in LHR Engine. It can be
compensated by forced induction methods like
supercharging and turbo charging.

» By studying performance and combustion charactesist
on normal engine and low heat rejection engineuiit be
concluded that with JPD1 blend we can achieve same
characteristics as that of diesel fuel so JPDIhéshest
blend.
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