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Abstract- The effects of compression ratio on premixed charge compression ignition engine fuelled with methanol diesel 
blends were investigated. The test was carried out with different compression ratio. The compression ratio (r) was obtained 
using different piston heads (r). The premixed charge compression ignition engine was modified by using four-stroke, air 
cooled, single-cylinder diesel engine and also the performance, combustion and emission Characteristics were studied. The 
experimental results of PCCI engine indicated that an overall brake thermal efficiency was increased to 2% using methanol 
diesel blends at compression ratio of 19.5 than neat diesel. The reduction of overall Oxides of Nitrogen was observed at 
compression ratio of 19.5 by 56%. The methanol diesel blends results with different compression ratios indicated that 
Carbon monoxide and unburned hydrocarbon emissions were increased 10% in 19.5 compression ratios. An overall 
experimental results indicated that compression ratio of 19.5 was suitable for alternate fuel operations in PCCI engine and 
had good combustion and emission characteristics. The exhaust emissions, heat release rate were analysed using AVL 
software systems, AVL five-gas analyzer and AVL smoke meter. And wefocuses on the trends of coupling effects on noise 
in delay estimation. 
 
Keywords- Combustion, Compression ratio, Diesel engine, Emission, PCCI, Performance. 
 
 
I. INTRODUCTION 
 
The combustion systems used in this study include 
Premixed Charge Compression Ignition (PCCI); it is 
an alternative to conventional spark ignition (SI) and 
compression ignition (CI) engine combustion 
concept. The PCCI engine concept having the basic 
features of SI engines (premixed charge preparation) 
and CI engines (auto-ignition of the fuel at a certain 
pressure and temperature). In PCCI operations a 
given concentration of fuel and air will spontaneously 
ignite when it reaches its auto-ignition temperature. 
The concentration/temperature can be controlled 
several ways:  High compression ratio, preheating of 
induction gases, forced induction, Retaining or 
reintroducing exhaust gases. It can achieve up to 15% 
of fuel savings and the Lower peak temperature leads 
to cleaner combustion/lower emissions.  This engine 
operates on the principle of having a dilute, premixed 
charge that reacts and burns volumetrically 
throughout the cylinder as it is compressed by the 
piston. PCCI engines have inherently low emissions 
of NOx and PM but relatively high emissions of 
hydrocarbons (HC) and carbon monoxide (CO). The 
alternative fuel operations were done because of the 
fuel properties to achieve Premixed Charge 
Compression Ignition engine concept. The objective 
of this study is to achieve higher brake thermal 
efficiency and lower emission characteristics at 
various compression ratios using blended methanol as 
a fuel. Ganesh et al. (2008) studied about the 

performance, combustion and emission 
characteristics of homogeneous charge compression 
ignition (HCCI) engine by using external mixture 
formation technique. In this study a conventional 
direct injection diesel engine was modified in to 
HCCI mode of operation. To achieve external 
mixture formation by using diesel vaporiser and it 
was mounted into intake manifold of an engine. The 
experimental results states that, NOx emissions are 
reduced about 55% and 80% and smoke emissions 
were reduced by 20% and 30% in diesel vapour 
induction without EGR and other emission 
characteristics were controlled by 10% EGR with 
Diesel vapour induction compared to conventional 
engine mode of operation. Avinash kumar agarwal et 
al. (2012) investigated about the combustion 
characteristics of diesel HCCI engine by using 
external fuel mixture formation. In this experiment 
two-cylinder engine was used one is operated with 
HCCI mode and another one is operated by 
conventional mode. The diesel vaporiser was used to 
premix the fuel and air to intake manifold. The earlier 
start of combustion was controlled by EGR. The 
emission characteristics like NOX are reduced by this  
HCCI engine. Tiegang hu et al. (2006) investigate 
that the modified single cylinder diesel were used 
fuelled with dimethyl ether at various compression 
ratio 8, 10.7, 14. The experimental result indicates 
that HCCI engine has higher thermal efficiency at 
compression ratio of 10.7. There are no significant 
effects of NOX and smoke emission. The 
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compression ratio is increased by increasing in CO 
and HC emission. At compression ratio 10.7 can give 
better results operating with DME fuel. Bahattin 
Celik. (2008) reported that the gasoline engine was 
used with higher compression ratio; the ethanol fuel 
was used to improve its performance and reduce 
emissions. The compression ratio 6/1 was used 
initially at various ratios of tested fuels E25, E50, 
E75, and E100. The experimental result indicates that  
E50 has given 29% of engine power compared to E0 
with increasing in compression ratios. The emission 
characteristics specific fuel consumption was also 
reduced in this stage. Rakesh Kumar Maurya et al. 
(2011) investigate about homogeneous charge 
compression ignition engine with high efficiency and 
ultra low emissions. The experiment was conducted 
by varying intake air temperature (120–150 °C) and 
at different air–fuel ratios in two-cylinder engine 
fuelled with ethanol using port injection technique. 
The experimental results indicate that in-cylinder 
pressure, heat release analysis, thermal efficiency is 
increased by air-fuel ratio and intake air temperature. 
The emission characteristics like NOX reduced by 
10ppm however CO, HC emissions are higher.  
 
Gnanamoorthi et al. (2013) reported that 
performance, combustion and emission 
characteristics were investigated in diesel engine 
fuelled with blended ethanol in different ratios (E0-
neat diesel, E10, E20, E30, E40 and E50), 3% of 
Ethyl acetate was added to blended ethanol to satisfy 
homogeneity and phase separation. The result shows 
that E10 has given 8% improved in brake thermal 
efficiency, other blends were given 2% in brake 
thermal efficiency. The emission characteristics like 
CO, HC and smoke were increased in low loads but it 
can control in higher loads. The NOX were reduced 
by 8% in E10.  
 
Eknath R. Deore et al. (2011) investigated in diesel 
engine fuelled with blends of ethanol. Three kinds of 
compression ratios (24.48, 24.78, and 25.10) by 
modified cylinder head were used for blends 5% to 
20%. The results indicated in this study 20% blends 
have good efficiency compare with pure diesel.  
      
II. EXPERIMENTAL SETUP AND 

PROCEDURE  
  
The experiment was conducted in 4- stroke, single 
cylinder, Compression Ignition engine, modified into 
PCCI mode of operation as shown in figure 1. The 
manifold injection method is used for premixing of 
fuel-air mixture. The fuel vaporiser is connected with 
intake manifold for vaporising the incoming fuel. The 
modified engine was tested at different compression 
ratio (19.5:1) in premixed charge compression 
ignition mode. The different piston geometry was 
achieved by decreasing the clearance volume of 
piston bowl in top of the piston. The methanol blends 

were injected in inlet manifold at suction stroke. The 
injection pressure and timing were controlled by 
Electronic controlled unit. The preparation of 
homogeneous mixture condition, the air is supplied at 
high velocity and latent heat of vaporization absorbed 
by incoming fuel droplets. The engine was initially 
run by diesel fuel for warm-up condition, then the 
vapour induction of methanol-diesel blends were 
switched to PCCI mode. The engine was completely 
operated with methanol-diesel vapour induction and 
readings were taken up to 75% load condition. The 
PCCI engine was difficult to run at full load condition 
because of knocking, incomplete combustion can 
takes place. The output readings of Performance, 
combustion, and emission characteristics were 
measured using AVL Five Gas Analyzer, AVL 
smoke meter and AVL software systems. 
 

 
 

 
 
III. RESULTS AND DISCUSSION  
  
In this investigation the effects of the methanol-diesel 
premixed charge compression ignition (PCCI) 
engine; performance, combustion and emission 
characteristics under different compression ratio were 
studied experimentally, the in-cylinder pressure and 
heat release rate were also measured and analysed. 
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Figure 2 represents the variation of Brake thermal 
efficiency with Load of PCCI engine was compared 
between two compression ratios. Usually, based on 
increasing the compression ratio the in-cylinder 
pressure, temperature and the performance of an 
engine will improved. In this investigation, various 
compression ratios were increased the self ignition 
temperature of a fuel. The performance 
characteristics have been improved because of 
controlling the delay period at higher compression 
ratios. The knocking take place at higher load 
conditions, it results the PCCI engine was difficult to 
run or unenviable operation. Figure 2 shows the 
compression ratio 19.5 resulted that the Brake 
thermal efficiency was increased up to 2% at part 
load by methanol-diesel vapour induction compared 
to conventional diesel fuel operation.   
 

 
 
Figure 3 represents the variation of Specific Fuel 
Consumption with Load. The operation of PCCI 
engine in rich mixture conditions knock should be 
takes place and lean mixture condition results misfire. 
The readings were taken up to 75% load condition, 
because the engine consumes more fuel at higher 
loads. The fuel consumption was decreases because 
of lean mixture supplied to the fuel vaporizer in all 
compression ratios. It can be controlled over by the 
proper fuel metering of electronic control unit (ECU).  
The results were indicated in Figure 3, the maximum 

fuel consumption were obtained from conventional 
engine operation, but less consumption of fuel 
observed in PCCI mode of operation of the 
compression ratio 19.5. The lean mixture of 
methanol-diesel vapour induction supplied to an 
engine at the compression ratio of 19.5 resulted that 
decreased in fuel consumption.  
  
B. COMBUSTION AND EMISSION 
CHARACTERISTICS 

 
 
Figure 4 shows the variation of in cylinder pressure 
with Crankangle with respect to methanol-diesel 
vapor induction and conventional engine operation in 
different compression ratios at 75% load condition. 
The combustion characteristics of an engine are 
indicated in in-cylinder pressure analysis. The 
pressure Crankangle diagram shows start of 
combustion, the rate of pressure rise and cylinder 
pressure. The lean mixture fuel initiates the start of 
combustion earlier in the compression stroke. Here 
the early combustion may controlled by an electronic 
control unit. The maximum rate of pressure rise 
attained higher rate of combustion because of 
increasing the loads. Here the ignition delay was 
reduced by methanol-diesel vapor induction at 
different compression ratios. In this experimental 
result indicated that the peak cylinder pressure was 
obtained from compression ratio of 19.5 by methanol-
diesel vapor induction.   
 

 
Figure 5 shows the variation of Heat Release Rate 
with Crankangle. In PCCI engine operation; knocking 
and misfire can take place at high and low load 
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conditions.  But, lower load condition the required 
quantity of fuel, net heat release was decreased which  
can misfire and affect the emission characteristics 
rapidly.  In general, the PCCI engine was suitable to 
operate for lower load and medium loads, because at 
higher loads the engine consumes more fuel and gives 
abnormal or uncontrolled combustion takes place due 
to higher heat release rate. The maximum heat release 
rate was obtained from compression ratio of 19.5 
compared to neat diesel of compression ratio 17.5. 
Low temperature reaction and high temperature 
reaction occur respectively, for both methanol-diesel 
vapor induction and conventional engine operation at 
different compression ratios by 75% load condition. 
The initial peak curve indicates that the conventional 
diesel engine was shifted to PCCI mode of operation. 
 

 
 
Figure 6 shows the variation of Carbon monoxide 
with Load. The carbon monoxide emissions increased 
because of decrease in cylinder temperature. If the 
temperature rises for maximum level the induction 
fuel may completely burn, there were no possibilities 
to form carbon monoxide emissions. By decreasing 
the in cylinder temperature the carbon monoxide 
emissions were increased, because it may not have 
oxidised easily to form carbon dioxide. The carbon 
monoxide emissions were to be controlled by using 
higher oxygen content in fuel and by advancing the 
induction of fuel. In this study, the carbon monoxide 
emissions were increased by 2 to 3% in compression 
ratio 19.5 compared to conventional engine operation 
because of improper mixing of fuel and air. 
 

 
Figure 7 shows the variation of Unburned 
Hydrocarbons with Load. In PCCI engine operation 
the mixture of incoming fuel was fully premixed of 

fuel and air. Here the combustion can takes place by 
low temperature, and then it forms unburned 
hydrocarbons. The oxidation process cannot be 
completed at low temperature condition; Because of 
low temperature combustion the fuel might have burn 
incompletely. It was necessary to complete burning of 
fuel to reduce this emission. To reduce this unburned 
hydrocarbon emissions, the exhaust gas can be 
recycled. In this figure 7, the unburned hydrocarbons 
emissions increased by 10% for compression ratio 
19.5 compared to conventional engine operation of 
compression ratio 17.5 at 50% load condition. But, 
low level of unburned particles was achieved in 
conventional engine operation. 
 

 
 
Figure 8 shows the variation of Oxides of Nitrogen 
with Load. In PCCI engine operation there was an 
advantage of low oxides of nitrogen emission. The  
PCCI engine can operate at low temperature 
condition in presence of external fuel and air mixture 
formation. The combustion temperature was 
comparatively low in PCCI engine compared with 
conventional engine operation, so the oxides of 
nitrogen level were low.  In this investigation resulted 
that the oxides of nitrogen were decreased 56% from 
compression ratio of 19.5 when compared with 
conventional diesel engine at 50% load condition. For 
further reduction in oxides of nitrogen emission 
would be done by induction of EGR with methanol-
diesel vapour induction, which results in reduction of 
combustion temperature and pressure and hence 
substantial reduction in NOX emission (Ganesh et 
al.2008).    
 

 
Figure 9 shows the variation of smoke with load for 
conventional mode diesel fuel and methanol-diesel  
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vapour induction at different compression ratios. 
When the PCCI engine was operated with methanol-
diesel vapour induction, the smoke level was raised 
maximum at full load conditions and the smoke were 
controlled by different compression ratio (19.5). In 
this experimental results shows the maximum smoke 
was obtained from conventional neat diesel operation, 
then decreased in compression ratio 19.5. The 
intensity of smoke was decreased in all load 
conditions at various designed compression ratios 
when compared to conventional engine operation.   
  
CONCLUSIONS  
 
The experimental investigation shows that the effects 
of compression ratio on modified Premixed Charge  
Compression Ignition engine fuelled with     
methanol-diesel blends and air. The Performance, 
Combustion, and Emission characteristics were 
analyzed. Conclusions are summarized as follows,  
1.  The PCCI engine was difficult to run at full load 
conditions.  
2.  In this investigation stated that the PCCI engine 
fuelled with methanol-diesel blends was worked 
under all designed compression ratios. The fuel 
supply system of this engine could start easily, 
because of the fuel properties.  
3.  Overall, thermal efficiency was increased to 2% 
for the compression ratio of 19.5:1 compared to neat 
diesel operation of compression ratio of 17.5:1 as 
specified.  
4.  An overall reduction of oxides of nitrogen was 
observed 56% at the compression ratio of 19.5:1 
when compared to operation of an engine with neat 
diesel of compression ratio 17.5:1 as specified.  
5.  There was increase in Carbon monoxide fuelled 
with methanol-diesel vapour induction at 
compression ratio 19.5:1 when compared to 
conventional neat diesel operation.    
6.  Unburned hydrocarbons are increased for 
methanol-diesel vapour induction by 10% at the 
compression ratio 19.5:1 when the engine operated 
with conventional neat diesel of compression ratio 
17.5:1 as specified.  
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