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Abstract

In this study, the effect of ceramic coating on the performance and gases
emission on diesel engine was investigated. A four-stroke, direct injected, single
cylinder, diesel engine was tested at constant speed and at different load
conditions without coating. Then, the inlet and exhaust valves faces were coated
by about 500um with ceramic materials. Ceramic layers were made of Yttria-
Stabilized Zirconia (YSZ), and NiCrAl as a bond coat. The coating technique
adapted in this work is the flame spray method. The engine with valves ceramic-
coated research was tested for the same operation conditions of the engine
(without coating). The results indicate a reduction in both fuel consumption by
about 7.6% and particulate emissions by about (13% for HC and 14.5% for CO)
with increasing in exhaust gases temperature after coating.

Keywords: Diesel engine, Ceramic coating, Engine performance, Exhaust
emissions.
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Nomenclature:

BSFC- Brake specific fuel
consumption (kg/ kW.h)

CO,- Carbon dioxide

CO- Carbon monoxide

HC- Hydrocarbon (ppm)

K- Thermal conductivity (W/m K)
LHR- Low heat rejection

N- Rotational speed (rpm)

NOx- Nitrogen Oxides

PSC- Plasma spray coating

PSZ- Partially stabilized zirconia
SN- Silicon Nitride

SFC- Specific fuel consumption
T- Exhaust gas temperature (°C)
Ty~ Torque of engine (N.m)
TBC- Thermal barrier coating
W,,- Brake power (KW)

Y SZ- Yttria-stabilized zirconia

1. Introduction and background

The automobile industry is
facing a serious challenge to improve
vehicle fuel efficiency. Global demand
for cars is soaring - one forecast has
the  number of worldwide cars
increasing five-fold by 2050 to 2.9
billion (Special report, 2008). In the
scenario of increase of wvehicle
population at an alarming rate due to
advancement of civilization, use of
diesel fuel in not only transport sector
but also in agriculture sector is leading
to fast depletion of diesel fuels and
increase of pollution levels with these
fuels, efficient fuel utilization has
become pertinent for the engine
manufacturers, users and researchers
involved in the combustion research.
While search for alternate fuels is
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continuing, researchers are also
attempting to find different techniques
of efficient fuel utilized in diesel
engines (Murthy, 2010).

Reductions in fuel consumption
can be achieved by a variety of
measures, including improved
aerodynamics, weight reductions and
hybrid power trains. Significant
improvements must also be made to
the efficiency of the internal
combustion (IC) engine that powers
nearly all the world's vehicles. One
promising technology for improving
IC engine efficiency, as well as
performance and durability, is the

Thermal Barrier Coating (TBC)
(Murthy, 2010). TBC are duplex
systems, consisting of a ceramic

topcoat and a metallic intermediate
bond coat. The topcoat consists of
ceramic material whose function is to
reduce the temperature of the

underlying, less heat resistant metal
part. The bond coat is designed to
protect the metallic substrate from
oxidation and corrosion and promote
the ceramic topcoat adherence (ilker,
2010). A thermal barrier application is
shown in fig. 1.

Ceramic top coall

Bond coat
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Fig. 1: Thermal barrier coating
consisting of metallic bond coat on the
substrate and ceramic top coat on the
bond coat (lker, 2010)

The selection of thermal barrier
coating materials is restricted by some
basic requirements. They have high
melting point, no phase transformation
between room temperature and
operation temperature, low thermal
conductivity, chemical inertness,
thermal expansion match with the
metallic substrate, good adherence to
the metallic substrate and low
sintering rate of the porous
microstructure. So far, only a few
materials have been found to basically
satisfy these requirements (ilker,
2010).

Thermal barrier coatings are
most commonly stabilized zirconias
such as Yttria-Stabilized Zirconia
(YSZ), but other ceramics like Silicon
Nitride (SN) have been used. Thermal
conductivities (k) have ranged from
less than 0.5 W/m K to 10 W/m K,
and thicknesses have ranged from 0.1
mm to 4.5 mm. Ceramic coatings can
be applied by a variety of methods,
such as thermal spraying techniques
(Michael, 2009).

Imdat (2005) studied the effect
of insulated surfaces (piston, cylinder
head and valves) on diesel engine
energy balance system by plasma
spray. The results indicate a reduction
in fuel consumption and heat losses to
engine cooling system of the ceramic-
coated engine. Adnan (2005) showed
the effects of injection timing on NOx
emissions by coating the combustion
chamber components with plasma
spray. It was observed a decrease on
the NOx emissions with about 40%
and the brake specific fuel
consumption (BSFC) with about 6%
compared to that of the standard case.
Pawar (2005) made a model
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(Annand.s heat transfer model) , and it
has been developed for comprehensive
predictions and assessments of varying
temperature and heat transfer through
cylinder head and valves of diesel
engine. Thermal insulation materials
like (PSZ) and (SN) are used. In case
of without insulated valves the heat
transfer rate is higher by about 54.62%
and 37.57% than the 1 mm and 0.5
mm PSZ thermal insulated valves,
respectively and 12.62% higher than 1
mm SN thermal insulated valves.
Srivathsan (2010) studied the effect of
(YSZ) on the cylinder head, piston top
surface and the valve seats. It is
concluded that a thermally insulated
engine reduces the fuel consumption,
improves the fuel efficiency. Also the
emissions of HC and CO are reduced
to a great extent while the emissions of
NOx are increased due to higher
combustion temperature.

The aim of this paper is to
study the effect of ceramic coating on
the performance of diesel engine and
emissions like (CO, CO,, and HC) by
coating the head of inlet and exhaust
valve of diesel engine. Then, compare
the results before and after coating
process.

2. Experimental Work

2.1  Coatings
Procedure:

Technique and

The coating technique in this
work is the flame spray method type
(rototec 800). This apparatus consists
of a chamber containing a flange to
hold the specimen and an Oxy-
Acetylene flame. The powder particles
flow with the flame and is deposited
on the specimen. The powder was
supplied through a special tube in the
flame gun.

The surfaces of intake and
exhaust valves were cleaned and
roughened using emery paper (p220)
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and grit-blasted using sand blast
system with pressure (4-6) bar. Then,
the grit-blasted substrates were
cleaned wusing anhydrous ethanol
alcohol and dried to 200 °C by a
furnace for 30 min. The ceramic
powder type 8%Y203- ZrO2 with
particle sizes 10-45 pum and NiCrAl
metal powder (bond coat) with particle
sizes ranging from 50 to 90 um were
used. The valve is fixed on the flange

to make 90° with the powder flame
flow. Then, the system is switched on
and the flame is ignited. The flame
holder is controlled manually. The
bond powder required for the first
layer is loaded into the holder, and the
inlet valve is heated to a suitable
temperature around (300 °C) by the
flame. The coating process is started
by moving a lever on the holder to
allow all the powder to flow through
the holder with the flame with a
distance of about (20 cm) between the
flame and the specimen. The previous
step is repeated until 50 to 100 pum
thickness of bond layer has been
reached. The ceramic  powder
(required for the top coat) is then
loaded and the same procedure of
bond was also repeated until 350 to
400 pm thickness has been reached.
The coating is heated to about 1500 °C
for a suitable time to permit the
adhesion for layers. The temperature
for bond coat and top coat is
controlled by adjusting the distance
between the flame and the specimen
and the pressure of Oxy-Acetylene
(about 1500 °C for bond layers and
2800 °C for the ceramic layers). The
flame is withdrawn gradually away
from the valve to minimize thermal
shock. For exhaust valve, the same
procedure was repeated. To measure
the thickness of coating layer after
spraying process, Coating thickness
gauge type (QuaNix1500 Germany)
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was used. Also, Infrared thermometer
was used to know the temperature of
surface before spraying process and
the temperature of the fusion after
spraying process.

Intake and exhaust
valves after coating

Fig. 2: Photographic view of valves
(After Ceramic Coating)

2.2 Engine test setup and procedure:

The engine  tests  were
conducted in a single cylinder, direct
injection (F 170) type diesel engine.
The engine specifications are listed in
Table 1. This engine was coupled to a
calibrated hydraulic dynamometer for
speed and torque measurements. They
were fixed on the stainless steel base
type (TD 114) which was designed for
this purpose. The water is used as a
friction fluid for dynamometer. The
system  of  fuel  measurement
consumption consists of a tank with
capacity (4.5L) and a glass tube of
known volume was used. In addition,
measurement of air consumption that
consists of an air box which is used to
reduce the vibration that occurs when
the engine is working with a water
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manometer. The temperature of
exhaust gas was measured by a
calibrated thermocouple (type K) that
is fixed at the entrance of exhaust gas
pipe (the beginning of the exhaust gas
exit). The exhaust gas analyzer type
(mod 488) was used to analyze gases
the emissions of exhaust gases. It
detects the CO-CO,-HC contents. The
gases are picked up from the engine
exhaust pipe by means of the probe.
They are separated from the water
they contain through the condensate
filter and then they are conveyed to the
measuring cell. A ray of infrared light,
which is generated by transmitter, is
sent through the optical filters on to
the measured elements. The gases
which contain the measuring cell
absorb the ray of light at different
wavelength, according to their
concentration.

The engine was allowed to run
with neat diesel fuel at a constant
speed for nearly 10 min to attain the
steady-state condition at the lowest
possible load. The performance of
engine was observed at a constant
speed of 3000 rpm and varying load.

Table 1: Main technical specification
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Lubrication type

Pressure, splash

Starting type

Recoil  manual
start and optional

of engine
Item Technical
Specification
Model 170F
Single-cylinder,
Type vertical, 4-stroke,
yp air-cooled,
direct-injection
BorexStroke (mm) 70 x 55
Displacement (L) 0.211
Fuel tank capacity (L) 2.5
Lubrication Full 0.75
oil  capacity ST
t
(L) ective 02 5
Cooling type Forced air cooled

system

electric start

3. Mathematical Relationships Used
to Calculate Engine Performance:
(Ganesan, 2008; Mohanty, 2007)

1. Fuel consumption:

\%

' f
m¢=——==* 1
f tlme pfuel ( )

Where:
Vs - Volume of fuel consumption
Pua= 850  kg/m* (As the

specification of diesel oil from
ALDORA refinery).

2. Brake Power:

_ 2aNT, (kW)

= 2
® " 60,000 @

Where:
Tp - torque of engine (N.m)
N- rotational speed (rpm)

3. Brake Specific Fuel Consumption:

m; kg
BSFC =—* 3600 3)
W, kW hr

4. Results and discussion :

Fuel consumption and exhaust
temperature:

A comparison of the BSFC for
the standard engine (SE) and the
ceramic coated engine (CE) under
constant speed and varying load is
shown in Fig. (3). Because of the



Dr. Ibtihal Al-Namie
Dr. Mahmoud A. Mashkour
Ahmed Sabah Hameed

Study the Effect of Ceramic Coating on the Performance and
Emissions of Diesel Engine

higher surface temperatures of valves,
the BSFC values of the LHR engine
were lower than those of the standard
engine. The relative reduction in the
BSFC is seen to be within the range of
7.6%. Zirconia has a low thermal
conductivity material. It will act as
barrier for the heat transfer to the
surroundings from the components
engine’s combustion chamber and
reduces the heat loss from the engine.
Also, according to the first law of
thermodynamics, the heat reduction in
heat loss will ultimately increase the
power output and thermal efficiency of
the engine and this lead to reduce the
BSFC.

—4— with coating

—&- without coating

BSFC (kg/kW.h)
o

0 05 1 15 2 25
Brake power (kW)

Fig. 3: BSFC versus brake
power, before and after ceramic
coating, at constant speed engine

(3000 rpm)

In Fig. 4, the exhaust gas
temperatures from the two engine
configurations are plotted as a function
of load. It can be seen from the graph
the temperature of the exhaust gas is
higher for the engine works under
zirconia coated conditions than the
engine works under normal conditions.
This is due to the more amount of heat
generated inside the combustion
chamber, where all amount of heat
cannot be converted into useful work.
Exhaust gas temperature increase
under this condition because of this
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heat that is mixed with the exhaust
gas. The exhaust gas temperatures
were seen to increase by 34.5 °C (on
average) with the addition of
insulation.
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Fig.4: Exhaust gas temperature versus
brake power, before and after ceramic
coating, at constant speed engine
(3000 rpm)

Emissions:

From the fig. 5, it is clear that
the CO emission is less in LHR engine
this may be due to the complete
combustion. The carbon monoxide,
which arises mainly due to incomplete
combustion, 1S a measure of
combustion in efficiency. Generally,
oxygen availability in diesel is high so
at high temperatures carbon -easily
combines with oxygen and reduces the
CO emission. It is observed that at part
load (up to 0.62 kW) the CO
emissions are roughly same for the
engine with and without coating. And
there is an increase of CO at full load
condition when it runs without coating
conditions because of the specific fuel
consumption increase.
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Fig. 5: CO emission versus brake power,
before and after ceramic coating, at
constant speed engine (3000 rpm)

The unburned HC emissions are
higher when the engine works without
the zirconia coating. The emission of
unburned hydrocarbon from the LHR
engines is more likely to be reduced
because of the decreased quenching
distance and the increased lean
flammability  limit. The  higher
temperatures both in the gases and at
the combustion chamber walls of the
LHR engine assist in permitting the
oxidation reactions to proceed close to
completion. In case of LHR engine
with valves coating, HC is lower by
about 13% than standard engine as
shown in fig. 6.

I3
40

35 == with coating

30 [ =@=without coating

Hydrocarbons HC
(ppm)

5 1 5
Brake power tkw}

Fig. 6: HC emission versus brake

power, before and after ceramic

coating, at constant speed engine
(3000 rpm)
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5. Conclusion

From the observations and test
results reported herein, applying thin
ceramic coatings of (0.5) pm to the
intake and exhaust valves of diesel
fuel combustion engine may result in a
significant ~ reduction in  fuel
consumption, and it causes the
cylinder walls to become hotter and
increases exhaust gas energy. Almost
an average of 34.5 °C increase in the
combustion gas temperature has been
observed for the LHR engine
compared to the standard engine. The
brake specific fuel consumption
(BSFC) wvalues of the LHR engine
were found to be lowered by about
7.6% than those of the standard engine
because some of the additional heat
energy in the cylinder is converted
into useful work due to the insulation
of the ceramic coating. The emission
characteristics of the insulated engine
at moderate and full loads appeared to
be attractive. Particulate emissions
decreased clearly in the LHR engine.
These reductions were up to 13.2% for
HC and 14.5% for CO.
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