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ABSTRACT 

This work investigates the performance and emissions characteristics of premixed charge compression ignition engine (PCCI). 

The premixed fuel is supplied through pre-chamber setup located in the intake manifold of DI diesel engine. The premixed fuels used 

in this experiment are diesel, Citronella-diesel blends (B20), and Cedar wood-diesel blends (B20). Experiments with Citronella blends, 

Cedarwood blends and diesel premixed fuel were done and the results indicates that there is a simultaneous decrease of oxides of 

nitrogen(NOx) and smoke was achieved by increasing premixed ratio of fuels. However, higher premixed ratio limits the operation of 

HCCI combustion due to severe knocking at higher loads. Citronella premixed fuel is the most significant in reduction of oxides of 

nitrogen (NOx) and smoke emissions compared to other premixed fuels. In addition with the results, hydrocarbon (HC) and carbon 

monoxide (CO) emissions increase slightly with increase in the premixed ratio of fuels. 
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INTRODUCTION 
A premixed charge compression ignition engine (PCCI) is a promising alternative with high thermal efficiency and ultra-low 

emission characteristics compared to the existing internal combustion engines. The premixed charge compression ignition (PCCI) mode 

of operation involves preparation of a premixed charge outside the engine cylinder. A partial amount of the total fuel supply is injected 

in the intake manifold where it is mixed with the intake air and the mixture enters the combustion chamber. The rest of the fuel is 

injected as usual. The premixing of the fuel with the intake air raises the equivalence ratio of the charge entering, and hence the overall 

non-homogeneity is reduced in the combustion chamber. Many studies have focused on the application of a partial HCCI engine a 

control mechanism for HCCI combustion while maintaining the improved emission characteristics of HCCI .In  the current study, 

premixing of the various fuels like diesel, Citronella oil(B20), Cedar wood oil (B20) was carried out in a pre chamber setup which is 

located in the intake manifold.  

Experimental apparatus and procedure: The research engine is a single cylinder, direct injection four-stroke diesel engine with 661.5 

cc of piston displacement. This engine has spherical type combustion chamber. The fuel was directly injected through a nozzle with 

two 0.28mm diameter holes. The experimental apparatus consist of combustion chamber, AVL exhaust gas analyser, AVL smoke meter, 

and premixed fuel injection system (prechamber). The figure 1 shows the schematic diagram of the experimental setup. The 

specifications and the dimensions of test engine are listed below. 

Table.1.Specifications and dimensions of Test engine 

 

Combustion chamber Direct injection 

Number of cylinder 1 

Compression ratio 17.5:1 

Displacement 661.5cc 

Bore * stroke 87.5×110 

Combustion chamber Spherical 

Injection nozzle 0.28mm× 2holes 

Volume * area of prechamber 9000cm3×20 cm 

Engine speed 1500 rpm 

                                
Figure.1.Schematic diagram of Experimental Setup 
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Table.2.Various Fuel properties 

Properties 
Fuels 

Diesel Citronella Cedar wood 

Kinematic viscosity@ 100 °C (Cst) 3.5 1.09 1.66 

Gross calorific value (kJ/kg) 43500 38223 39897 

Cetane Index 55 53 57 

Flash point (°C) 60 55 102 

Fire point (°C) 85 75 112 

RESULTS AND DISCUSSION 

 
 

Figure.2.Heat release rate Vs  Crank diagram Figure.3.Pressure Vs Crank diagram 

 

Figures 2 and 3 shows the combustion characteristics of diesel, cedar wood - diesel blends and citronella - diesel blends. From 

this pressure curves clearly indicates that the rate of heat release and in-cylinder gas pressure greatly reduced for citronella and cedar 

wood. This trend is due to the slight increase in viscosity and lower calorific value of citronella and cedar wood fuels. Also, due to 

lower rate of heat release and pressure rise for citronella and cedar wood, oxides of nitrogen (NOx) emissions greatly reduced for both 

the fuels and the same only is shown in figure 4. However for Citronella and Cedar wood fuels, hydrocarbon (HC) and carbon monoxide 

(CO) emissions were increased as shown in figures 5 and 6. 

 

  

     Figure.4.NOx emissions vs BP Figure.5.CO emissions vs BP Figure.6.HC emissions vs BP 

                        

CONCLUSIONS 
 Premixed charge compression ignition engine reduces the NOx emissions to about 53% in case of Citronella fuelled operation of an 

engine and about 57% in case of Cedar wood fuelled operation of an engine. However, HC and CO emissions in both the cases were 

comparatively high when compared to neat diesel. 
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