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ABSTARCT- Dilution of the intake air of the SI engine with the inert gases is one of the emission control techniques like exhaust gas 

recirculation, water injection in to combustion chamber and cyclic variability, without scarifying power output and/or thermal efficiency . 

This paper investigates the effects of using argon inert gas to dilute the spark ignition engine intake air to improve the performance and 

reduce the emissions mainly nitrogen oxides. The input variables of this study include the compression ratio, stroke length, engine speed and 

argon concentration. Output parameters like thermal efficiency, volumetric efficiency, heat release rates, brake power, exhaust gas 

temperature and emissions of NOx, CO2 and CO were studied in a thermal barrier coated SI engine, under variable argon concentrations. 

Results of this study showed that the addition of Argon gas to the intake air of the thermal barrier coated SI engine  has significantly 

improved the emission characteristics and engine’s performance within the range studied.  
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1. INTRODUCTION 

IC Engine has become an indispensible prime mover for 

use in transportation and agriculture sectors, because of 

this environmental protection from the toxic emissions 

from IC engines has advanced to become a topic of central 

concern. International regulations ratified in recent years 

have imposed more stringent limits on pollutant emissions 

and fuel consumption in internal combustion engines.  

To comply with the emission regulations and to 

reduce NOx, CO and CO2 emissions, and to improve engine 

performance several new combustion concepts have been 

developed. Some of the techniques deal with the 

recirculation of the exhaust gasses to improve the 

combustion process, usage of fuel blends, varying stroke 

length and compression ratio, after treatment devices like 

catalytic converters to convert NOX and CO in to non toxic 

gasses before they released in to atmosphere, injecting 

water in to the combustion chamber of the engine. 

 Among SI engines emissions NOx are the most 

dangerous pollutants. Oxides of N2 generally occur mainly 

in the form of NO and NO2. These are generally formed at 

high temperature. Hence high temperature and availability 

of O2 are the main reason for the formation of NO and 

NO2.Many other oxides like N2O4, N2O, N2O3 ,N2O5 are 

also formed in low concentration but they decompose 

spontaneously at ambient conditions of NO2.The maximum 

NOx levels are observed with A:F ratios of about 10% 

above stoichiometric. Oxides of nitrogen and other 

obnoxious substances are produced in very small quantities 

and, in certain environments, can cause pollution, while 

prolonged exposure is dangerous to health. 

 Combustion duration plays a significant role in NOx 

formation within cylinder. NOx highly undesirable, 

because it reacts to the atmosphere to form ozone and 

causes photochemical smog. NOx is mostly created from 

nitrogen of air. Sometimes the fuel contains nitrogen in 

compound form, for example NH3, NC, HCN. 

There are a number of NOx control technologies that 

have been developed for SI Engines such as modified 

combustion to suppress NOx formation 

• Low excess air operation  

• Off-stoichiometric combustion  

• Exhaust gas recirculation  

Reduce NOx to molecular nitrogen through controls (also 

known as exhaust gas treatment) 

• Selective Non-Catalytic Reduction (SNCR)  

• Selective Catalytic Reduction (SCR) 

• Dry Sorption  

The power output and/or thermal efficiency have to be 

sacrificed with these methods. The promising approach to 

reduce NOX emissions form a SI engine is to replace a 

small percentage of N2 in the intake air with an inert gas. 

 It was found that the CO2 of the emissions in the 

EGR technique has only a small effect on the emissions as 

it s having low specific heat value [1].  

 In this study Argon gas having a specific ratio of 

1.667 at room temperature is used to compensate the low 

specific heat ratio of the CO2. It  was  ensured  that  the  

added gas mixture had a specific heat capacity equal to that 

of the N2 being replaced, why because as the specific heat 

ratio of the mixture increases the cylinder peak pressure 

increases and it occurs at earlier crank angles[2]. 

    To reduce fuel consumption and to improve 

thermal efficiency adoption of higher compression ratios is 

a usual practice in IC engines in order to reduce in cylinder 
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heat rejection. Increase in thermal and mechanical stresses 

are the results of the both the cases.  According to the 

second law of thermodynamics insulating the combustion 

chamber of an internal combustion engine theoretically 

results in improved thermal efficiency, enhancing high 

temperature durability by reducing the heat transfer and 

lowering the temperature of the underlying metal[3].  
  Most of the researchers have resulted in fact; 

insulation reduces heat transfer, improves thermal 

efficiency and increases energy availability in the exhaust. 

However, contrary to the above expectations some 

experimental studies indicated that almost there was no 

improvement in thermal efficiency [4] and [5]. Different 

materials such as silicon carbide, silicon nitride, aluminum, 

magnesium silicate and other ceramic materials have been 

used in LHR engine concept [6]. 

Therefore, it is the main destine of the present 

work to probe in details the effects of argon gas as a 

diluting gas in the test engine on its performance and 

emissions. The present study was carried out on a single 

cylinder port fueled four stroke SI engine whose pistons 

were coated with a 320 µm thickness of MgZrO3 over a 

160 µm thickness of  NiCrAl bond coat. CaZrO3 was 

employed as the coating material for the cylinder head and 

valves. The tendency of the present work included the 

investigation of the thermodynamics properties of the 

intake gas mixture when argon is added, the effects of 

adding argon on the performance of the engine and the 

exhaust emissions, and finally the heat release rate 

analyses. 

 

 2. EXPERIMENTAL SET-UP 

A four stroke engine with modified intake to admit 

the preset concentrations of argon and air (O2+ N2) was 

used. This section will present the experimental apparatus 

and the experimental procedure.  
 

2.1. Engine experimental apparatus: 

 

A single cylinder port fuel, four stroke, and water 

cooled SI engine with coated with a 320 µm thickness of 

MgZrO3 over a 160 µm thickness of NiCrAl bond coat. 

CaZrO3 was employed as the coating material for the 

cylinder head and valves was used in the present work. 

Argon up to 15% of the intake air admission capable test 

rig has been designed and built. The test rig built has the 

capability to vary the argon concentration by keeping the 

oxygen concentration in the intake air as constant (i.e. 21% 

by volume), this was achieved by adding one oxygen 

cylinder to the system. The added argon will replace the 

nitrogen gas concentration in the intake air. 

SmartTrak 100 digital flow meter has been used to 

measure to the volume flow rate of the argon gas 

acquiesced to the engine. XFM Stainless steel Multi- drop 

capability RS-232/RS-485, profibus DP digital thermal 

mass flow meter has been used to measure the air flow 

rate. WITT MM-2K pressure fluctuation free gas mixture 

has been used to mix the argon and oxygen in required 

concentrations. Silicon chip fuel mixture display system 

has been used to control the air fuel ratio, it consists of 

exhaust gas oxygen (EGO) sensor mounted in the exhaust 

system to continuously monitor air-fuel ratios and generate 

corresponding output voltages. This information is then fed 

to the engine management computer (EMC) which 

continuously adjusts the mixture to provide optimum 

power and economy, consistent with low exhaust 

emissions. Brief technical data are shown in Table 1. 

Fig. 1 shows the schematic diagram of the experimental 

system. 

 

Table 1. 

Engine Specifications 

Number of cylinders              1 

Bore                95.12 mm 

Stroke                71.5 mm 

Displacement volume              1297 cc 

Maximum speed               3500 rpm 

Max. Cylinder pressure              130 bar 

Compression ratio               8 Constant 

Ignition timing, deg. BTDC              22 

 Cooling system              Water cooled 

Valve arrangement  Two vertical over head valves 

Max power    6.76 kW @ 3500 rpm 

M Max torque     18.7 N m @ 2600 rpm 

 

 

 

 
        

       Fig. 1. Schematic of the experimental set-up. 

 

Ignition timing constant at 220 BTDC, carburetor position 

at full throttle opening, fuel used is gasoline with octane 

number 95. A Kistler model 6005 Quartz high pressure 

engine combustion sensor has been used to measure the 

combustion pressure inside the engine cylinder. A dual 

mode charge amplifier was used to amplify the signal from 

the engine combustion sensor. The degree marker shaper 

amplifier measured and displayed angular crank shaft 

location.  
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A PicoScope 4423 oscilloscope, 2000A current clamp, 

60A current clamp  four channels high-speed digital  

oscilloscope has been used to measure and store various 

signals such as those from the crankshaft position sensor or 

the camshaft Hall sensor and pressure. The amplified 

signals from the pressure sensor and degree marker were 

fed to the oscilloscope. PicoScope is fast enough and 

accurate enough to look at the electrical signals on CAN 

bus, LIN bus and the new FlexRay interface to allow the  

fast measurement, storing and analysis of high-speed 

phenomena. The input signal could be stored at the rate of 

up to 1500 MHz. Up to five sets of the stored waveform 

could be saved. The saved waveform was retained then 

transferred to a PC for further computation.  

Ecom EN2 Electro Chemical gas analyzers having 4 

Electrochemical Sensors, sensor Options: O2, CO, NO & 

NO2, 1ft Inconel Probe (up to 1832F/1000C), CO purge 

pump to prevent oversaturation, Peltier cooler sample 

conditioner, peristaltic pump for automatic moisture 

removal, flue gas, ambient, & sensor temperature sensors, 

CO2, Efficiency, Losses, Excess Air, & O2 Correction 

Calculations were used for measuring NOx, CO2, and CO 

and for the exhaust gas analyses. Murphy TDX6 

Temperature Scanner/Pyrometer Swichgage with 6 

channels, Type “J” or “K” Thermocouples Grounded‡ or 

Ungrounded acceptability, and having a J-type accuracy 

from 50-150°F (10-66°C) +3°F(+2°C), from 150-1200°F 

(66-649°C) ±1.0% of reading has been used to measure the 

temperatures of inlet cooling water, air inlet,  outlet 

cooling water, exhaust and oil sump using Type J 

thermocouples. 

 

2.2. Thermal barrier Coating: 

 

A typical Thermal Barrier Coating system consists of an 

oxidation- resistant bond layer (NiCr, NiCrAl) serving as a 

substrate material and a thermal insulation coating material 

of low thermal conductivity. NiCrAl powder, CaZrO3 and 

MgZrO3 were selected as the most appropriate interface 

element for piston material and the ceramic layer materials 

respectively. Engine cylinder head was machined before 

the applying the thermal barrier coating to maintain the 

compression ratio of the engine as same before and after 

TBC. The material removed by machining is equal to the 

amount of TBC by volume. After machining, cylinder head 

was grid blasted, and then, both the valves and the cylinder 

head of the engine were coated first with a 160µm thick  

NiCrAl bond coat, and over it 320 µm thick CaZrO3 was  

employed, piston was coated with a 320 µm thickness of 

MgZrO3 using an atmospheric plasma spray gun. With the 

spray coating applied, the original dimensions of the 

coated parts of the engine were restored. Coating processes 

involves an atmospheric plasma spray coating system 

working as a manual power unit, a 40 kW power that has a 

type of 3 MB plasma gun, a primary gas of argon and a 

secondary gas of hydrogen. 

 Properties of piston alloy and coating materials 

are shown in Table 2. The specifications of the ceramic 

coating are shown in Table 3.  

 

 

 

Table 2.  

Properties of piston alloy and coating materials  
 

Material Thermal 
conductivi

ty 

(W/m0C) 

Thermal 
expansion 

10-6 (µ/K) 

Densi
ty 

(kg/m

3) 

Specif
ic 

heat 

(J/kg.
K) 

Pois
son’

s 

ratio 

Young’
s 

modulu

s 
(GPa) 

NiCrAl 16.1 12 7870 764 0.27 90 

CaZrO3 14.6 11.5 4780 698 .21 87 

MgZrO3 15.3 8.01 5600 650 0.2 86 

 

Table 3. 

Specifications of ceramic coating. 

 

Parameters    Values 
 

Particle velocity    400–500 mm/s 

Oxide content    1–2% 

Porosity     1–8% 

Powder feed rate    40g/min 

Current     550 A 

Voltage     86 V 

Spray distance    100 mm 

Torch nozzle diameter   5.2 mm 

 

 

2.3. Experimental procedure: 

 

The present work endeavors at studying the consequences 

of TBC’S and diluting inlet air with argon gas in the test SI 

engine. The experimental procedure was planned and may 

be divided in to four categories.   

 

(a) Experiments on gasoline engine without TBC running 

on diluted   intake air with argon at constant engine speed. 

 

(b) Experiments on gasoline engine without TBC running 

on diluted intake air with argon at different engine speeds.  

 

(c) Experiments on TBC gasoline engine running on 

diluted intake air with argon at constant engine speed. 

 

(d) Experiments on TBC gasoline engine running on 

diluted intake air with argon at different engine speeds. 

 

During the first set of tests, the engine without 

TBC has been running on mixture of oxygen, argon and 

nitrogen on preset concentrations. Keeping the oxygen 

always at 21% the ratios of argon to be from 0% to 15% 

have been selected in the mixture. For the time of first test 

the engine speed has been kept constant at 2100 rpm and at 

other constant engine conditions. The argon amount is then 
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increased at 3% step. Various output parameters like 

thermal efficiency, brake mean effective pressure, 

volumetric efficiency; specific fuel consumption, heat 

release rates, brake power, exhaust gas temperature and 

emissions of NOx, CO2 and CO have been measured and 

recorded.  

In the second set of tests, the argon addition 

procedure has been repeated in same 3% step and the 

engine without TBC runs at different engine speeds and 

retaining the other engine parameters constant. The engine 

speeds selected are 2100, 2400, 2700, 3000and 3300 rpm. 

The performance and exhaust emissions measurements are 

carried out.  

In the third set of tests, the argon addition 

procedure has been repeated in same 3% step and the 

engine with TBC runs at the constant engine speed at 

2100rpm keeping the remaining engine conditions 

constant. The performance and exhaust emissions 

measurements are carried out. 

In the fourth set of tests, the argon addition 

procedure has been repeated in same 3% step and the 

engine with TBC runs at the varying engine, keeping the 

remaining engine conditions constant. The engine speeds 

selected are 2100, 2400, 2700, 3000 and 3300 rpm. The 

performance and exhaust emissions measurements are 

carried out. 

2.4. Experimental error analysis 

Table 4 

Error analysis of various devices used in the experiment. 

 

3. RESULTS AND DISCUSSIONS 

A long term experimental study has been conducted on a 

single cylinder port fuel, four stroke, water cooled SI 

engine with argon inert gas in intake mixture. Both the 

standard engine (without TBC) and its LHR version have 

been used in the experiments. Thermodynamic effects of 

adding the argon to the intake air of the engine has been 

studied. The amount of oxygen gas has been kept constant 

at 21% by volume. The engine parameters have been kept 

at the values mentioned above. Experiments were 

conducted on a standard engine by diluting intake air with 

argon, without TBC. Later same experiments were 

conducted on a TBC engine by diluting intake air with 

Argon. The results of the both the case were compared. 

 

3.1. Effect of argon concentration on the Engine 

Performance measured at a constant speed of 2100rpm. 

3.1.1 Volumetric efficiency: 

A comparison of the volumetric efficiency for the standard 

engine (SE) and the Thermal Barrier coated engine 

(TBCE) under full load is shown in Fig. 2. The increase in 

the volumetric efficiency has been observed in SE with 

increase in argon gas concentration, this because of the 

increase in mixture density and mass flow rate caused by 

the argon density and molecular weight [2]. The 

volumetric efficiency has increased from approximately 

81.3% at 0% argon, to about 91.23% at argon ratio of 15%. 

The engine appears to be supercharged by about 9.93% 

which may reflect later on the power output and specific 

fuel consumption. 

Volumetric efficiency of an engine depends on the ambient 

conditions and working conditions of the engine. Increase 

in combustion chamber walls has been observed because of 

the reduced heat rejection with the addition of thermal 

insulation in TBCE.  

The volumetric efficiency drops by 3.3% at 0% argon, 

3.73% at 15% argon and a maximum drop of 3.89% is 

observed at 9% argon, respectively in the coated condition 

at full load compared to uncoated condition. The variation 

in reduction of volumetric efficiency in both the cases was 

due to the higher cylinder temperature in Low Heat 

Rejection (LHR) mode [6].  

 

 

Fig.2. Volumetric efficiency (ɳv) variation with argon 

percentages at constant O2 = 21%,N = 2100 rpm. 

3.1.2 Brake Specific Fuel Consumption (bsfc): 

Specification  
Maximum 

Error Value 

Relati

ve 

error 

Engine speed 0.01 rev/s  0.28% 

Engine torque 0.08 Nm  

Brake power  3.26% 

Brake specific fuel consumption  2.42% 

Exhaust gas temperature  0.10C 0.1% 

Exhaust gas concentration(NOX) 0.01ppm  

Exhaust gas concentration(CO, 

CO2, O2) 
0.1ppm  

Flow rate of air 1.02 x10-4 m3/s 1% 

Flow rate of argon  4.3% 

Fuel flow rate 1 cm3  

Timer ( Time Measurement)  10ms 

0.7% 

Flow 

rate 
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Fig.3. gives the variation of the bsfc with increase in argon 

percentage for SE and TBCE. The decrease in bsfc has can 

be observed from the figure with the increase in argon 

concentration. The increase in the brake mean effective 

pressure (bmep) with adding more argon increases the 

brake power output of the engine resulting in reduction of 

bsfc of the engine. A total drop of 17g/kW.h for SE and 

18.2g/kW.h for TBCE is observed with an increase of 

argon concentration from 0% to 15%. Because of the 

increased surface temperature of the cylinder wall load 

bearing capability increases so the bsfc values of the TBCE 

are lower than those of the SE. A maximum bsfc difference 

of 3g/kW.h is observed in the coated condition at full load 

compared to uncoated condition. 

 

 
Fig.3.Brake specific fuel consumption variation with argon 

percentages, N = 2100rpm. 

 

3.1.3 Exhaust gas temperature: 

The exhaust gas temperature variation with the argon 

addition ratio may be seen in Fig. 4. The decrease in 

exhaust gas temperature with increase in argon 

concentration may be seen from the figure. The exhaust 

gas temperature decreased from 7250C to 6610C, a total 

drop of 340C may be seen when the argon increased from 

0% to 15%, respectively. The decrease in exhaust gas 

temperature is because of the fast diminishing of the 

combustion temperature during the expansion stroke. With 

increase in argon percentage the drop rate of combustion 

temperature during expansion stroke will be more. 

 Results indicate an increase in exhaust 

temperature in TBC engine compared to SE.A maximum 

increase of 210C may be seen between the two cases. The 

adiabatic condition created by ceramic coating (the 

quantity of heat blocked by coating is transferred to the 

exhaust gas) has lead to such increased exhaust gas 

temperature [7]. 

 

3.2. Effect of argon concentration on the engine exhaust 

emissions 

 

3.2.1 NOx Emission: 

Fig.5. indicates that the NOx levels were lower in standard 

engine (SE), while they were higher in thermal barrier 

coated engine (TBCE), point to remember that in both the 

case argon gas was introduced in to intake air mixture. 

Compared to normal engine without TBC and argon gas in 

inlet air mixture the NOx emissions were lower in both the 

SE and TBCE cases, but between the two SE emitting 

lower NOX compared to TBCE. Increase in combustion 

temperatures with the faster combustion and improved heat 

release rates with the adiabatic effect of ceramic coating in 

TBCE engine caused higher NOx levels.   

 

 
 

Fig.4. Exhaust temperature variation with argon 

percentages, N = 2100 rpm. 

 

The reason for lower NOX emissions in SE than TBCE are 

because of the addition of argon reduced the concentration 

of nitrogen in the intake air. The addition of argon replaced 

the N2 gas by a mole fraction of about 19% while the O2 

has been kept constant. Reducing the N2 mole fraction by 

19% reduced the emission of NO in the exhaust gases by 

55% means there are other factors that play an important 

role in the process. The other reason for the reduction of 

NO in the exhaust gases is increasing the air/fuel ratio as it 

plays important role in this reduction as has been shown 

before [8].  
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Fig.5.Emission of nitrogen oxide variation with argon 

percentages, N = 2100rpm. 

3.2.2 CO Emission: 

Fig. 6 depicts the carbon monoxide levels in the exhaust 

gas from both SE and TBCE. It can be seen from this 

figure that introducing argon gas in the intake has resulted 

in increase of CO from 85 to 91.2 g/kgf when argon is 

increased from 0% to 15%, respectively (6.7% hike). This 

increase may be because of the unavailability of the 

oxygen during combustion with the addition of argon. One 

more reason may be because of the faster drop in 

combustion temperature during exhaust stroke make the 

formation of CO2 from CO. Increase in argon gas 

concentration reduces the exhaust gas temperature, at 

lower exhaust temperatures  CO cant not react with O2 to 

form CO2. 

 In the case of TBCE the reason for less CO emissions may 

be because of the adiabatic conditions created by the 

ceramic coatings. The exhaust gas temperature will be 

higher in TBCE when compared with SE; this facilitates 

the formation of CO2 from CO and O2 reaction at suitable 

high temperatures. A maximum drop of 3.3g/kgf can be 

seen in case of TBCE. 

 
Fig.6.Emission of Carbon Monoxide variation with argon 

percentages, N = 2100rpm. 

 

3.2.3 CO2 Emission: 

The variation of the emission of Carbon Dioxide against 

the argon added percentage may be shown in Fig. 7. 

With the addition of argon the CO2 emissions increases 

first during the argon concentration between 3-6% and then 

in decreases. The increase in CO2 emissions in the early 

concentrations of argon may be because of the increase in 

air fuel ratio and availability of more oxygen, but as the 

argon concentration increases further exhaust oxygen 

reduces so the CO2 emissions decreases. 

The CO2 emission is more in case of TBCE, while they are 

less in SE. The variation in CO2 emissions is because the 

exhaust gas temperature is more in TBCE than in SE. This 

may be because of the adiabatic effect of the thermal 

barrier coating, this facilitates the endothermic chemical 

reaction between CO and O2 to form CO2. As the exhaust 

gas temperature in both the cases of SE and TBCE 

decreases with increase in argon concentration the CO2 

emission also decreases. 
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Fig.7.Emission of Carbon Dioxide variation with argon 

percentages, N = 2100rpm. 

 

3.3. Effect of Engine Speed:  
The effects of increasing the engine speed from 2100 to 

3300 rpm in 300rpm step will be presented in the following 

sub-sections. The effects of speed on the brake power, 

volumetric efficiency, brake specific fuel consumption, and 

exhaust temperature will be shown next. 

 

3.3.1 Exhaust Gas Temperature:  

The increase in exhaust has temperature with increase in 

engine speed may be seen from the figures 8 and 9. The 

increase in exhaust temperature may be because of, 

increase in engine speed increases the mass flow rate of 

fuel this leads to the increase in heat release rate per cycle 

due to more fuel burnt per cycle. 

 

 
Fig.8. Exhaust gas temperature variation with argon 

percentages and engine speed in a SE. 

In case of TBCE the exhaust gas temperature will much 

higher due to the adiabatic effect of the ceramic coating. 

 An average increase of around 250C can be seen in 

exhaust gas temperature between SE and TBCE  at 0% Ar 

and 2100 rpm.  The same will be around 280C at 15% 

argon and 3300 rpm. 

 
 

Fig.9. Exhaust gas temperature variation with argon 

percentages and engine speed in a TBCE. 

 

3.3.2 Volumetric efficiency:  

 

It may be seen from the figures 10 and 11 that increasing 

the engine speed from 2100 rpm to 3300 rpm have resulted 

in the increase in the volumetric efficiency. The increase in  

volumetric efficiency with increase in engine speed may be 

due to fast cycle completion this eliminates the charge 

heating due to heated combustion chamber walls and back 

flow possibilities. The reasons for increase in volumetric 

efficiency with increase in argon concentration have 

already been explained previously. The drop in volumetric 

efficiency in TBCE is due to increased combustion 

chamber surface temperatures leading to charge heating.  

 

 
Fig.10. Volumetric efficiency variation with argon 

percentages and engine speed in a SE. 
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Fig.11. Volumetric efficiency variation with argon 

percentages and engine speed in a TBCE. 

 

3.3.3 Brake power: 

 

The brake power variation against engine speed and argon 

concentration may be seen in Figures 12 and 13. Fig.12. 

depicts the variation of brake power in a standard engine 

with varying argon gas concentration, where as Fig.13. 

depicts the same in a thermal barrier coated engine. 

 
Fig.12. Brake power variation with argon percentages and 

engine speed in a SE. 

 

From figures 12 and 13, it can be seen that the brake power 

increases slightly with increase in argon percentage and 

remarkable increase in brake power can be observed with 

increase in engine speed in both SE and TBCE. The 

increasing the engine speed increases the volumetric 

efficiency and mass flow rate of intake air this led to the 

increase of  engine torque and brake power. The engine 

could use more fuel when the air is increased then the 

power output should increase. 

 
Fig.13. Brake power variation with argon percentages and 

engine speed in a TBCE. 

 

There is slight increase in brake power with TBCE when 

compared with SE. This may be because of the increase in 

exergy due to the thermal barrier coating. As the heat 

rejection to the walls of the cylinder decreases the 

available energy for the work output will increases this 

increases the brake power. A total increase of 1.7kW can 

be observed when argon percentage is zero and 1.93kW 

increase when argon percentage is 15%. An increase in 

brake power of around 0.2 kW can be observed in TBCE 

compared with SE during 15% argon injection. 

 

3.3.4 Brake specific fuel consumption: 

 

Fig.14.and Fig 15 depicts the variation of the 

brake specific fuel consumption (bsfc) against the engine 

speed and argon concentration in SE and TBCE 

respectively. It may be seen from these figures that 

increasing the engine speed led to the increase in the bsfc.  

 

 
Fig.14. Brake specific fuel consumption variation with 

argon percentages and engine speed in a SE. 
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This is because increase in engine speed increases 

the volumetric efficiency which leads to increase in mass 

flow rate of air as a consequence the mass flow rate of fuel 

should also increase. The increase in engine speed 

increases the engine power output but the increase in 

power output is overwhelmed by the increase in fuel flow 

rate so the bsfc decreases( as bsfc = fuel flow rate/power 

output).   

      The bsfc decreases with thermal barrier coating this 

may be of higher surface combustion chamber temperature. 

TBCE engines suffer with loss in volumetric efficiency this 

reduces the air fuel ratio there by decreases the bsfc. 

Simply TBCE are mainly intended to increase the exergy 

of the engine, so we can expect the positive results in bscf. 

 
Fig 15. Brake specific fuel consumption variation with 

argon percentages and engine speed in a TBCE. 

 

4 CONCLUSION: 

 

In this work, a performance and emission  

analysis has been carried out to investigate the effect of 

thermal barrier coating on cranny and wall stifle regions 

temperature and argon gas in the inlet air mixture. 

   

Based on the results of this study, the following specific 

conclusions were drawn: 

 

4.1. Effect of argon Concentration: 

 

1. As the argon concentration increases the bsfc 

decreases. 

2. Decrease in volumetric has been observed with 

increase in argon percentage. 

3. Increasing the argon concentration resulted in the 

decrease of the emission index of nitrogen oxide 

(NO), oxygen (O2), nitrogen (N2) and carbon 

dioxide (CO2). 

4. Increase in CO emissions has been observed with 

increase in argon addition to intake air. 

5. Exhaust gas temperature decreases with increase 

in argon concentration. 

4.2. Effect of Thermal barrier Coating combined with 

argon inert gas addition to intake air: 

 

1.  Compared to SE lower bsfc has been observed in 

TBCE. This may be because of adiabatic effect of 

ceramic coating. 

2. Volumetric efficiency drop has been observed in 

TBCE due to increase combustion chamber wall 

surface temperature. 

3. Adiabatic effect of Thermal barrier coating 

increased the exhaust gas temperature compared 

to SE. 

4. Slight increase in NOX has been observed in 

TBCE that SE, this may be due to increased 

exhaust gas temperatures. 

5. Decrease in CO emission were recorded in TBCE 

that SE, this may be due to conversion of CO to 

CO2  by reacting with O2 at available high exhaust 

temperatures. 

6. CO2 emissions got increased in TBCE, the reason 

may be because of conversion of CO to CO2 at 

higher exhaust temperatures. 

4.2.1 Effect of Engine Speed:  

 

1. With increase in engine speed the exhaust gas 

temperature increases in both SE and TBCE. The 

exhaust gas temperatures in TBCE are higher than 

SE, the reason may be due to adiabatic effect of 

ceramic coating. 

2. Rise in volumetric efficiency has been observed in 

both the cases of SE and TBCE run. But slight 

drop in volumetric efficiency has been observed 

in case of TBCE compared to SE. 

3. The improved exergy in TBCE resulted in better 

brake power in TBCE when compared with SE. 

4. Decreased volumetric efficiency causes drop in 

bsfc in TBCE when compared with SE. 
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