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Abstract

The world’s rapidly diminishing petroleum supplitiseir raising costs and budding danger of envirental pollution have led to an
intensive search for an alternative fuels or ingieg the efficiency of the available diesel engitieis a known fact that about 30%
of energy supplied to the diesel engine is losbugh the coolant and 30% is wasted through fricéom exhaust and other losses,
thus leaving only 40% of energy utilization for teeful purposes. If this lost heat rejection idueed, the thermal efficiency can be
improved. With the insulation of the combustionmehar Walls with ceramics, the transfer of heat barrestricted and can be used
further for heating the incoming fresh charge ahd same thing can be observed with exhaust gab&sinEreases the combustion
efficiency and reduces the emissions. Hence irptesent work, a ceramic coated engine is develdpethcorporating air gap
between the piston skirt and crown, cylinder limerd jacket, ceramic coating on cylinder head ant/es Therefore, a solemn
attempt is made in this research work to invesdghe performance and emission characteristicsegal engine with diesel as fuel.
Further the performance of the engine depends erh#at in the combustion chamber. This intendsrepa piston material and the
turbulence generated in the engine. So, furtheaempt is made with brass piston insert and biasert with six grooves which
replaces the aluminum piston in the engine. Amdhthe pistons tested the brass insert with sixoyes is proved to be the best in
terms of performance and emissions point of viaw.vth the higher temperatures in the chamber drogolumetric efficiency and
lubricating oil deterioration are the main problemsowever they can overcome by turbo compoundimvath the development of

new lubricants.
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1. INTRODUCTION

Though the researchers claim that the completeveggmf the
heat produced in the combustion chamber withoutifgaeg
efficiency and emission standards is possible, ostmof their
studies, the detailed performance and combustianackeristics
have not been disclosed. But for the complete catitiu of the
diesel in the diesel engine it requires higher fuess and
temperatures in the combustion chamber [1]. Bugt thédkes the
engine bulky. So in the present work a ceramic remgs
developed with the insulation of the combustionrcher [2 ,3
and 4]. Ceramics have a higher thermal durabilitg sower
thermal conductivity that controls the temperatdrstribution
and heat flow in the structure. Lower heat rejectfioom the
combustion chamber through thermally insulated comepts
causes an increase in available energy that waoatgase the in-
cylinder work and the amount of energy carried ey €xhaust
gases, which could also be utilized.

A major breakthrough in the technology of dieseiea has
been achieved by the innovative work done by Kamd a
Bryzik. R.Kamo et al [6] conducted experiments witi3 mm
thick thermal barrier coating of PSZ for the pistamd cylinder

head and 0.5 mm thick coating for cylinder linee keported
that 5 to 6 percent improvement in fuel efficieratyall loads
and speeds. They observed with the experiment higtemix,
lower diffusion combustion, reduction heat trandéess, higher
heat release in the combustion chamber. T.Morel g6l
achieved higher thermal efficiency at all loads ffmth heavy
and light engines with the various level of insigiatat constant
peak pressure and A/F ratio. There is 8% improvénrethe
brake thermal efficiency was observed. Heat rejeds reported
to be decreased while exhaust temperature is isedea
S.H.Chan and K.A.Khor et.al [8] reported 4 to 7¥provement
in fuel consumption in single cylinder DI dieselgéme. This is
achieved by using constant air flow rate with bigspressure
with 1 mm thick PSZ coating to the cylinder headefand the
valve heads by placing a short solid PSZ cylindeerlin the
area above the piston rings and heat insulated giston.
Y.Miyairi et. Al [7] reported reduction in BSFC bg% under
naturally aspirated conditions in single cylinded Diesel
engine. In this attempt the fuel injection pressamd the amount
of fuel injected is kept constant and the cylintieer is water
cooled. The chamber walls are insulated with PSdrtiy PVK
et.al [9] reported the results of their investigad on LHR
diesel engine with 3 mm air gap between pistont skid insert
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with Nimonic alloy crown. They revealed that thefpemance

is deteriorated at the available injection timingl gressure. At
peak loads the BSFC is decreased by 12 percene whibke
levels by 16 percent but NOx levels are increased4% with

an injection timing of 32°0TDC. Wallace et al [11}have

reported the use of a thermal barrier piston in gdéabatic
engine and developed the temperature distributia@lyais and
reported that the piston top temperature were higlgearound
400°C for the thermal barrier pistons. From the literatit is

observed that much amount of heat is lost throlnghpiston.
Hence in the present work for the reduction of Heatn the

piston and thereby increasing the efficiency, damapt is made
with brass piston crown. The brass crown is alsoesas the
size of the original piston and can be interchabhgef, 10].

Similarly with the turbulence in the chamber homuemus
mixture can be formed and further the increasefficiency is

possible. Therefore in this work six number of gre® are made
on the brass piston and is used for the testing.

2. AIM

The main aim of the present investigation is todfithe
suitability of the ceramic insulated engine for themplete
burning of diesel in the conventional Cl engine.eTtotal
experiment consists of the following segments.

1. Preparation of ceramic insulated engine components

2. Materials and method of conducting the investg#i

with different piston inserts
3. Results and discussions

2.1 Preparation of Ceramic Engine Components

The most complicated part of the work is the desam
fabrication of insulated components. The prepamnatid the
components is as explained below.

2.1.1 Air Gap Insulated Piston

In the present experiment an air gap of 2 mm isvidenl

between piston crown and skirt based on the egidifarature.

The crown and skirt is allied with copper and stgadkets. The
air gap between the two components acts as aratosubr the

heat transfer through the piston and further presichore heat
in the chamber. The following figure 1 show the gap

aluminum piston used in the experiment.

i CROWH

N AIE-GAP

L ALUMINIUE
PISTOHN

(a) Line diagram (b) Photographic view of aluminarawn
Fig 1: Air gap insulated Aluminum crown

2.1.2 Cylinder Liner Insulation

The movement of the piston in the cylinder wasrapddiment
for the lagging of the liner on its interior surdadHence the air
insulation is provided on the outer surface therlirA thin mild
steel sleeve was bounded over the cast iron lire@ntaining a
2mm layer of air in the annular space betweenitier ind the
sleeve. The joints of the sleeve were sealed teepteseepage of
cooling water into the air-gap region. This insigdatof the liner
reduces the heat transfer from the engine cylitaéne cooling
water.

2.1.3 Cylinder Head and Valve I nsulation

The thermal barrier coatings have better heat agar wesistant
characteristics which retains the heat in the ccstibo chamber
and improves the combustion efficiency. This presgidthe
higher thermal efficiencies, improved combustior aaduced
emissions. Among all the possible alternative iatng

materials, one of the most promising is ceramiaa@ec is an
important material because of its low density, hidiermal

stability, stability in severe chemical environmelotv thermal
conductivity and favorable strength and creep bigihaso in

the present work this coating is preferred. Ceratoiating is a
simpler method of insulation for cylinder head awdlves

compared with other methods. For the coating of Raetially

Stabilized Zirconia (PSZ) the following method &ed.

Zirconia is usually produced from the zircon (ZrgiCFor the
production of the zirconia, the zircon is to be edidvith NaOH
and HCI, so that the zircon is converted to zirdoehyloride.
Further the reactions are as follows:

ZrOCl,8H,0+ Stabilizer (¥0Os)+ HCI —¥solution
Solution + NHOH ——»  Zr (OH)+ Y(OH)

Y(OH),

I
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(Wash)
Cl-free Precipitate
(Filtration) i
Wet Powders  Zr (QH) Y(OH);
(Freezing Dry (Liquid B))

Dry Powder
(Calcination)

Zr(OH) Y(OH)s

Stabilized Zirconia Powder ZsG Y,03

With the available PSZ powder the coating will e on the

cylinder head and valve surfaces. In this the fuilhg processes

are performed. 1. Pre-cleaning and pre-machiningetylinder
head and valve surfaces to remove rust, scale, gait etc. 2.
Application of the PSZ powder on the componentaze$ using
plasma spraying technique up to the required thaskr3. Final
finishing operations like grinding, lapping, polish and
cleaning.

With the above specified methods, the cylinder headl valves
bottom surfaces are insulated by coating the axpased to the
combustion with PSZ. The combustion chamber areahef
cylinder head and valves was machined to a depthmimm.
The surface was then sand blasted to form innurfeeizdres.
The PSZ coated cylinder head and valves are showthe
following figure 2.

Fig 2. PSZ coated cylinder head and valves

All these insulated parts described above wereadhtmgeable
with the standard engine parts.

3. MATERIALSAND METHODS

For the reduction of the heat transfer, a pistatesigned similar
to that of original aluminum piston which absorlesathfrom the
combustion chamber and provides the same to themimg

charge. This preheats the charge and increasesothbustion
efficiency. In the present work a brass piston erasimilar to

that of normal aluminum piston is designed for eipent.

Further the chamber temperature and combustidmeicthiamber
depends on the turbulence generated in the char8bein this
work an attempt is made with six number of grooeesthe
brass crown piston. This brass crown piston ishfrrknurled to

increase its surface area to facilitate better traasfer from the
gases to the brass crown. The configurations obthss pistons
tried are shown in the following figure 3 and thame is

compared with aluminum piston.

Fig 3: Photographic view of plain brass crown piston

Fig 4: Photographic view of Brass crown piston with six
grooves

4. RESULTSAND DISCUSSIONS

A long term experimental study has been conducted single
cylinder 4-stroke, water-cooled 5 B.HP Kirloskaramaic coated
diesel engine by changing piston crowns. The canaton of
smoke is measured by Bosch smoke meter; UHC and N©Xx
measured with non-dispersive infrared (NDIR) AVlhexst gas
analyzer. Air suction rate and exhaust air flowesatwere
measure with the help of an air box method. Tentpeza at the
inlet and exhaust valves are monitored using Nidkekel
Chromium thermocouple thermocouples. Time taken to
consume 20 cc of fuel was noted using a digitap st@tch.
Engine RPM is measured using an electro-magnetic yp in
conjunction with a digital indicator of AQUTAH maland the
analysis of these results are as follows. The ¥ahg figure 5
shows the experimental set up.
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Fig 5: Photographic view of experimental setup

4.1 Exhaust Gas Temperature

Partially stabilized zirconia is a low thermal caowtvity
material. It acts as a thermal barrier for the hemtsfer to the
engine cooling system from the combustion chambdrratains
the heat in the chamber. Further the brass crostompidue to its
properties restricts the heat transfer through pfston. This
leads to the Ilower temperature difference betwebe t
combustion gases and exhaust. Finally it leadfi¢ocomplete
combustion of the fuel in the combustion chamber.

== Aluminum

== Brass

BPE

Exhaust Gas Temperature(oC)

a 1 2 3 4
Brake Power Output (Kw)

Fig 6: Comparison of Exhaust gas temperature with power
output

The Fig 6 shows the variation of exhaust gas teatpezs with
brake power output. At higher loads the insulatedire with
brass piston generated maximum temperature analdorinum
it is lower over a wide range of operations. Thagerature for
brass piston is 56C€ and for aluminum it is 5£@ at full load.
Further the grooves on the piston crown generatdttitbulence
in the combustion chamber and increase the conaousti
efficiency. The insulated engine with BP6 configioa shows
maximum exhaust gas temperature at rated loadg &nd.36%

higher than BP. This high temperature exhaust gasyg can be
recovered by turbo compounding system.

4.2 Brake Thermal Efficiency

= Alumimum
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=i=EF
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Brake Thermal Efficiency (%)

[
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o

o 1 2 3 4
Brake power output (Kw)

Fig 7 variation of brake thermal efficiency with powertput

The above Fig 7 shows that the variation of brakermal
efficiency of the ceramic insulated engine with gever output
for various piston inserts. This is due to the atign of the heat
transfer to the coolant with the ceramic coatingl dhereby
increases the heat in the chamber. The efficiescyuither
improved with the insulation of piston with air gapd brass
piston. As the brass crown piston acts as a goatrheervoir, it
maintains the heat in the chamber and further caetidu
completes. Further with the grooves on the pistas more. So
the brake thermal efficiency of BP6 is increasedbgut 3.16%
compared to brass piston at rated loads.

4.3Volumetric Efficiency

The volumetric efficiency variation for differentspon materials
depicts in the Fig 8. As the combustion chamberpenature
with the brass pistons is more than aluminum pistugher
amount of heat will be transferred to the incomaig which
reduces the density and in turn drops the volumetificiency.
This cut down the amount of air available for trembustion
and further plunge the power output. This reductibthe power
can be compensated by turbo charging

a0

o
~

—s—Aluminum

Volumteric Efficieny (%)

T
Q 1 2 3 4
Brake power output (EKw)

Fig 8: Variation of Volumetric Efficiency with power outip
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The volumetric efficiency of aluminum piston varigem 85%
at no load to 82% at full load. The fall in volumetefficiency

with brass piston is more. The absolute drop i8%.8ompared
to the aluminum piston at the rated load. This tointvolumetric
efficiency further depends on the turbulence amtptratures in
the combustion chamber. So the drop of volumetificiency

with BP6 is highest and is about 1% compared to BP.

4.4 Smoke Density

The variation of exhaust smoke intensity (Boschs)rfor brass
piston material is shown in the Fig 9. The smokéhia engine
exhaust is due to incomplete combustion. The loprerailing
temperatures in the chamber and with the
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Brake Power Output (Kw)

Fig 9: Comparison of Smoke intensity with power output

Comparison of Smoke intensity with power outputklaof

oxygen, there will be incomplete combustion. Whie grooves
on the brass material it provides homogeneous mexto the
chamber and there by higher temperatures. Thishigberating
temperatures in the combustion chamber
combustion and oxidation of the soot particles Wwhieduce the
smoke emissions. From the above graph it is obdettvat the
brass piston showed the lowest smoke emissionstbeegntire
operating range and the reduction is to be abol& p@rcent.
This will increase further with BP6. The drop ioab16 percent
compared to BP.

2.3.5 Hydrocarbon Emissions
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Fig 10: Comparison of Hydrocarbon emissions with power
output

result rbette

The Fig 10 depicts the amount of unburnt hydrocasbaresent
in the exhaust as function of different piston mats. The main
sources of these emissions in diesel engine are feaing,

burning of lubricating oil, and wall quenching. Bese of hotter
combustion chamber, Hydrocarbon emission formatoiound

to be less in all the ceramic engines. In spiteidi air-fuel

mixture due to the lower volumetric efficiency, thdC

emissions are reduced considerably due to the atiopl of

combustion in the combustion chamber. From the hgriaps

observed that maximum reduction is with BP6 dueitto
properties and turbulence generated. The reduidiabout 6.26
% compared to BP at the rated load.

2.3.6 Nitrogen Oxide Emissions

The variation of NOx emissions with various pistoserts of
the ceramic engine is illustrated in Fig 11. Therfation of the
NOXx emissions depends on the amount of heat indh#ustion
chamber and evaporation rate of the fuel. The teatpes with
BP6 is more due to the turbulence generated ircomebustion
chamber. This increases the heat transfer betweeorbwn and
charge. The formation of the emissions will alsoréase with
the availability of oxygen in the chamber at higlexds. So the
increase in NOx emissions with BP6 is about 4% caneg with
base aluminum piston. The emissions with BP arbetween
these two extremes.
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Fig 11: Comparison of Nitrogen Oxide emissions with power
output

CONCLUSIONS

1. The bras piston material acts as an insulator itsttower
thermal conductivity. With this the heat generatatl be
stored and supplied back to the incoming freshgdharhis
completes the combustion process and increasettaist
gas temperatures and brake thermal efficiency.

2. With the grooves on the brass piston turbulengeierated
in the combustion chamber is more. So the perfoocmanf
the brass material is good in terms of emissiond an
efficiency.

3. Lower heat rejection from the combustion chambesitgh
thermally insulated components cause an increase in
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available energy that would increase the in-cylinderk
and the amount of energy carried by the exhausésgas
which could also be utilized.

The high temperature of the exhaust
availability of considerable energy in the exhagsises
which could be used to operate a low pressurertarbi

Due to the higher prevailing temperatures in thalmostion
chamber the volumetric efficiency of the engine pgred.
This further reduces the amount of air available tfee
combustion. So the power output is slightly droppBdt
this can be compensated with turbocharging system.

With the higher temperature in the chamber NOXx siois
are more for all the pistons. Among all BP6 geresahore
emissions with its higher prevailing temperaturasthe
chamber.

With the higher operating temperatures of the c@am
engine, the performance of the lubricating oil detates
resulting higher friction. This problem can over@mvith
new liquid lubricants or solid lubricants.

The higher temperature in the chamber enables $beofi
low cetane fuels and confers the multi-fuel hargllin
capability.
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