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Abstract 

The experimental investigations have been conducted with different inlet charge temperatures of 

90⁰ C, 100⁰ C, 110⁰ C, 120⁰ C, 130⁰ C, 140⁰ C and limited the charge temperature for poor 

output and higher level of emissions of HCCI engine. It describes the result of ultra low NOx and 

soot emissions in biodiesel fuelled HCCI engine compared to diesel engine. The NOx and soot 

emissions are reduced about 40% and 28% respectively than convention diesel engine. The HCCI 

engine has consumes lower amount of fuel and produced higher power output at high load 

operation. And the result shows, the brake thermal efficiency (BTE) has been increased with 

increasing the charge temperature. The inlet charge temperature reflects, HC and CO emissions are 

reduced in HC and CO emissions in biodiesel fuelled engine.  

Keywords: Engine, biodiesel, emission, efficiency, temperature 

1. Introduction 

  Biodiesel is suitable alternative renewable fuel for diesel engines. Biodiesel is produced 

from renewable resource like vegetable oil or animal fat and it is biodegradable. It can be used as 

neat or blended with diesel in compression ignition engines. The high oxygen molecule and the 

lower calorific value of biodiesel generally results in a measured loss of engine power and increase 

of fuel consumption but the engine efficiency is unaffected or even improved (1-4).   Regarding 

exhaust emissions, the use of biodiesel results in lower emissions of unburned hydrocarbons, 

Carbon monoxides, smoke and particulate matter (PM). The majority of the published work 

indicates some increase in NOx emissions with biodiesel compared to standard diesel fuel (5-7).    

 Due to the high NOx and lower brake thermal efficiency of biodiesel used compression 

ignition diesel engine, a homogeneous charged compression ignition engines are try to use with 

biodiesel.  The HCCI engines are being actively developed because they have the potential to highly 

efficient and to produce low emissions. The HCCI engine can have the efficiency closer to the 

conventional diesel engine, with low levels of emissions of NOx and PM. This occurs because the 

combustion develops with low temperature and burns a premixed air/fuel mixture. On the other 

hand, CO and HC emissions increased due to low temperature combustion process of HCCI engine 

(8-10).    

 In reference (11) author used diesel and rapeseed methyl ester in HCCI engine was 

controlled by exhaust gas re-circulation. The NOx emission was decreased but smoke emission 

considerably increased due to the recirculation of burnt gas into the combustion chamber. The rate 
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of heat release by the engine is decreased by the EGR and it favour for NOx emission reduction, but 

it increased the rate of smoke emission. Junjum Ma et al. (2008) investigated duel fuelled HCCI 

engine with different premixed ratio using diesel as a primary fuel and n- heptane used secondary 

fuel. Where diesel fuel was injected in in-cylinder and n-heptane was used to inject the fuel in 

engine inlet port. The author found that NOx emissions were decreased at lower pre mixed ratios 

and increased at higher pre mixed ratios. The variations of fuel premixed ratios could not affect the 

soot formation. From the result, it was identified that the formation CO emissions were depends on 

rate of combustion. The CO emissions were increased with higher pre mixed ratios (12). Moteza 

Faith et al. (13) analysed the influence of exhaust gas recirculation on HCCI engine combustion and 

emissions using n-heptane / natural gas as a fuel. The exhaust gas recirculation was used to control 

the combustion process and investigated the possibility of controlling the combustion phase and 

combustion duration. 

 John abrahim et al. (14) studied combustion characteristics of HCCI engine using n-heptane, 

methyl decanote and dimethyl ether. Ignition delay and NOx formation rates of three different fuel 

was investigated. The ignition delay of methyl decanote was shorter than dimethyl ether for all 

oxygen concentration. In general ignition delay was depends on O2 concentration in the air-fuel 

charge. The ignition delay of DME is even shorter than that of methyl decanote addition of NO to 

simulate EGR effects reduced the ignition delay and NOx emission. Similarly Lu Xingcai et al. 

used ethanol and n-heptane fuel in HCCI engine, the author conducted the experimental 

investigation in single cylinder engine with using neat fuel and blend of 10%, 20%, 30%, 40% and 

50%. He resulted that the HC emissions for n-heptane and blends of 10-30% fuels have very low, 

while HC emission has been increased for 40%and 50% of ethanol and n-heptane blends. Because 

of the blends were gradually increased the ignition delay (15).  

 Mingfa Yao et al. (16) analysed controlling strategies of dimethyl ether and methanol 

fuelled HCCI engine, the exhaust gas recirculation was used to control combustion process. The 

ignition delay and combustion duration could be regulated by the DME percentage and EGR rates. 

The rate of HC emissions were depends on DME percentages. The author concluded that for normal 

combustion, adopting larger DME percentage and EGR rates. This paper investigated the 

performance and emission characteristics of HCCI engine fuelled with cotton seed methyl ester. In 

this study, the HCCI combustion was controlled by varying the inlet charge temperature with 

certain limits by 90⁰ C-140⁰ C. And also analysed the effect of charge temperature on HCCI 

combustion phase parameters like as start of combustion (SOC) and combustion duration. The 

variations in combustion phase could impact on HCCI engine performance and emissions were also 

studied. (Vasanthy and Jeganathan 2007, Vasanthy et.al., 2008, Raajasubramanian et.al., 2011, 

Jeganathan et.al., 2012, 2014 , Sridhar et.al., 2012, Gunaselvi et.al., 2014, Premalatha et.al., 2015, 

Seshadri et.al., 2015, Shakila et.al., 2015, Ashok et.al., 2016, Satheesh Kumar et.al., 2016). 

2. Methodology 

Experimental setup  

 A single cylinder, four stroke, water cooled, DI diesel engine was used in this research 

work. And it was slightly modified as port fuel injected HCCI engine with DI injection system. The 

specifications of the modified kirloskar SV1 engine is listed in table 1. Figure 1 show the 

experiment set up of HCCI mode engine. In HCCI engine the homogeneous air-fuel mixture is 

created by electronic controlled fuel injector on intake manifold controlled by ECU. The electrical 

heater is connected with engine suction pipe and it the temperature is controlled by ECU. In this 

port fuel injection the fuel is injected on intake air stream during the suction stroke. The fuel 

injection timing is controlled by the electronic controlled unit. 
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 One end of engine shaft is coupled with eddy current dynamometer for applying the load. 

The dynamometer is controlled by manually on control penal; it is placed separately near to the test 

engine and it is having a roller nab by using this to change the load on the engine. The applying 

load on the engine is shown in NM on digital meter. The test engine maintains the constant speed of 

1800rpm for all loads condition. The speed of the engine shows in digital meter on control penal. 

Engine cooling water Inlet temperature and outlet water temperature are measured by thermo 

couple. And EGR with fresh charge temperature and engine exhaust gas temperature were measured 

by thermal sensor (T2 and T3). All temperature sensors are connected with control panel. These 

readings are displayed in digital meter on the control panel. AVL Di-gas analyser was used to 

measure the exhaust emission from the HCCI mode engine such as CO, HC, NOx, CO2 and O2. 

  

 
Figure.1 Experimental setup 

  

Table.1 

SL.N Parameters 

 

Specification 

1. 

 

Make and model Kirloskar SV1 

2. General details 

 

Single cylinder, four stroke, water cooled, port 

injection 

3. Bore 87.5 mm 

 

4. Stroke 110 mm 

 

5. Cubic capacity 0.661 lit 

 

6. Rated output 

 

5.9 KW at 1800 rpm 

7. Compression ratio 17.5 : 1 

 

8. Inlet valve open BTDC 4.5 deg. 

 

9. Inlet valve close ABDC 

 

35.5 deg. 
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10. Exhaust valve open BBDC 35  deg. 

 

11. Port Fuel injection timing (BTDC) 10 deg. 

 

12. Direct fuel injection 

Timing(ATDC) 

10 deg 

Engine Specifications 

 

3. Experimental Procedure 

  

Table.3 

Properties of Cotton Seed Methyl Ester 

PROPERTIES CME 

Density @ 15°C in gm/cc 0.8835 

Specific gravity @ 15° /15°C 0.8848 

Kinematic viscosity @ 40°C (mm
2
/s) 6.83 

Flash point (°C) 150 

Fire Point (°C) 161 

Cloud Point (°C) 27 

Calorific value (kJ/kg) 40789 

Cetane Number 52 

 

 Initially the engine has operated with no load condition, to achieve the saturated engine 

temperature. The experimental investigations have been carried with different inlet charge 

temperature such as 90⁰ C, 100⁰ C, 110⁰ C, 120⁰ C, 130⁰ C and 140⁰ C with constant engine 

speed of 1800rpm. The biodiesel has more viscosity and higher auto ignition temperature than 

reference diesel as listed in table 3. So The HCCI engine has initially started as DI mode engine that 

is biodiesel is directly injected on the combustion chamber and switch over the DI injector into port 

fuel injection. The electrical heater is used to control or increased the inlet charge temperature 

before inject the fuel. The fuel injection timing is totally controlled by ECU, depends on the load 

and engine speed can change the injection timing and injection duration. The speed sensor or optical 

sensor is adopted near the engine crank shaft used to identify the engine speed and position of 

piston inside the cylinder. The output of the sensor is feed to the ECU, depends on the signal the 

ECU can change the fuel injection time and injection duration.  

 

4. Result and Discussion 

 The biodiesel has some advantages over diesel fuel like higher cetane number, no sulphur 

content and having 11% of oxygen molecules as shown in table 3. However biodiesel has some 

difficult properties such as high viscosity and lower calorific values are difficult the biodiesel used 
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in HCCI engine. In general, biodiesel has consuming higher fuel with produced same level of power 

output than diesel engine. But the biodiesel fuelled engine has high level of NOx and Smoke. To 

overcome these limitations of biodiesel, which is try to use in HCCI mode engine, because HCCI 

engine has operated with lean air-fuel conditions with producing lower NOx and soot 

emissions.(Manikandan et.al., 2016, Sethuraman et.al., 2016, Senthil Thambi et.al., 2016). 

 

 

4.2 Performance Characteristics 

 In fig.2 shows the variation specific fuel consumption with percentage of load on HCCI 

engine.  In general HCCI engines have been consumed less amount of fuel than conventional DI 

diesel engine. The fig.2 indicates, biodiesel fuelled HCCI engine has much higher value of SFC 

compared to diesel fuelled HCCI engine due to lower calorific value of biodiesel.  From the figure it 

also observed that the value of SFC is decreased with increase the charge temperature up to 130⁰ C 

and get sudden increase for 140⁰ C charge temperature. The reason behind this is due to high inlet 

air temperature; the inlet air molecules are extended and reduced the volumetric efficiency of air. So 

the power output of the engine is decreased, to compensate this issue the engine requires more fuels.  

The charge temperature of 130⁰ C shows the lower SFC than other temperatures, higher viscosity 

of biodiesel has required more temperature to vaporise the fuel. In charge temperature of 130⁰ C is 

vaporised the port injected biodiesel and form homogeneous charge before the compression 

process. So the fuel is complete combust and released high heat energy. The maximum reduction of 

SFC is about 12% at 60% of load on the engine.   

 
Figure.2 Variations in specific fuel consumption with percentage of load 

 

 
Figure.3 Variation of Brake thermal efficiency with percentage of load 
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 The variation of brake thermal efficiency for HCCI engine operated with different load 

conditions are shown in figure3. The figure indicates the charge temperature of 130⁰ C operated 

engine has lower BTE compared to other charge temperatures. The increase in BTE is about 12% at 

60% of load.  The brake thermal efficiency of HCCI engine is depends on percentage of fuel is 

converted to generate the heat energy. From the result it was observed that the increased in charge 

temperature could reduced the ignition delay and reduced the combustion duration.    

4.3 Emissions Characteristics 

 The level of smoke emission in HCCI engine is based on percentage of complete 

combustion.  The HCCI engine has lower smoke emission compared to conventional diesel engine 

due to lean charge operation of HCCI engine. The figure 3 shows the variation of smoke emissions 

with different load operation of HCCI engine. The diesel fuelled HCCI has produced low level of 

smoke emissions than biodiesel fuelled HCCI engine. In figure 3, the smoke emission of biodiesel 

fuelled engine have been increase with increase the charge temperature. The charge temperature of 

120⁰ C and 130⁰ C shows the lower level of smoke emission. The maximum reduction of smoke is 

25% than other HCCI engine operations. The temperature of 140C, operated HCCI engine has 

produced more smoke emission due to miss fire of the charge or due to high inlet charge 

temperature could reduced the volumetric efficiency of air, it leads to reduced the combustion 

efficiency and increased the smoke density. 

 
Figure.4 Variation in Smoke density with percentage of load 

 The figure 5 indicates the formation of NOx emissions with percentage of load on HCCI 

engine. The HCCI engine has produced very low NOx emission of 250-650 ppm compared to 

convention DI diesel engine. Because of HCCI engine has been operated lean air-fuel charge for all 

load operations. The figure shows, the level of NOx emissions increased with increase the charge 

temperature with increase the load percentages.  The charge temperature of 140⁰ C operated engine 

has minimum value of NOx emissions than other charge temperatures. The high charge temperature 

reduced the ignition delay and heat release rate from the charge. The charge temperature of 120⁰ C 

and 130⁰ C operated engine have higher NOx emissions than other temperatures. 

 The figure 6 and 7 shows the variation of CO and HC emissions of biodiesel fuelled HCCI 

engine.  In general biodiesel fuelled HCCI engine has produced lower CO emissions compared to 

diesel fuelled HCCI engine. The reason is, the methyl ester has 11% more oxygen molecule and it 

favour for complete combustion. So CO molecules are converted as CO2. From The figure 6, it was 

observed that, the level of CO emissions decreased with increase the charge temperature. The 

charge temperature of 130⁰ C operated engine has low CO emission about .02 than other charge 

temperature. The figure 7 shows the charge temperature of 140⁰ C operated HCCI engine has lower 

HC emissions compared to other charge temperatures.  
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Figure.5 Variation of oxides of emission with percentage of load 

 
Figure.6 variation of CO emissions with percentage of load 

 

Figure.7 Variation of HC with different load 
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while increase the charge the start of combustion is get advance with increase the percentage of 

load.  

 

Figure.8 Variation in SOC with different load 

Variation in combustion duration with different charge temperature of biodiesel fuelled HCCI 

engine shows in Figure 9.  The combustion duration is decreased with increase the charge 

temperature. The charge temperature 130⁰ C shows the minimum combustion duration compared to 

other temperatures. The combustion duration of the charge is depends on homogeneity of air-fuel 

mixture. If the mixture has high homogeneity, reduce the ignition delay and combustion duration. 

 

Figure.9 Variation of combustion duration with load 
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BTE than other temperatures 
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HCCI engine produced lower smoke emissions. The carbon monoxide and HC emission were much 

higher for HCCI engine than DI diesel engine. The biodiesel fuelled HCCI engine has lower CO 

emission due to higher oxygen molecule present in the cylinder during the combustion process. The 

level of CO and HC emission was decreased with increase the charge temperature. The combustion 

duration of the charge was decreased with increase the temperature.     
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