
IJSTE - International Journal of Science Technology & Engineering | Volume 2 | Issue 07 | January 2016  
ISSN (online): 2349-784X 

 All rights reserved by www.ijste.org 

 
5 

Experimental Investigation on Effect of EGR on 

Biofuel Fueled HCCI Engine using External Fuel 

Vaporizer- A Technical Review 

  

Nejal N. Patel Prof. Shyam K. Dabhi  

PG Student Assistant Professor 

Department of Automobile Engineering  Department of Automobile Engineering  

L D college of engineering, Ahmedabad L D college of engineering, Ahmedabad  

  

Pawan Kishore Jha Prof. Vivek G. Trivedi 

PG Student Assistant Professor 

Department of Automobile Engineering  Department of Automobile Engineering  

L D college of engineering, Ahmedabad L D college of engineering, Ahmedabad 

 

Abstract 

The Homogeneous charge compression ignition (HCCI) combustion is an alternative to current  engine combustion systems. The 

research in HCCI is being carried out to use it as a method to reduce emissions and also enhance engine efficiency. HCCI has the 

potential to nearly eliminate NOx emissions while increasing efficiency as in diesel engine. HCCI adapts a pre mixture of gas-

phase fuel and air being burned spontaneously and entirely by an auto ignition process. Homogeneous Charge Compression 

Ignition (HCCI) engines promises a high thermal efficiency combined with low levels of nitrogen oxides and  particulate matter 

emissions. The purpose of this study is to summarise the effect of alternative fuel when used in the HCCI engine combustion 

process. Modification of single cylinder diesel engine runs on HCCI mode with diesel and biofuel. Installation o f EGR system on 

HCCI engine. To study the effect of EGR rate on the engine exhaust parameter like nitrogen oxides (NOX), carbon oxides (CO 

and CO2), particulate matters (PM) and unburnt hydro carbons (UHC) by running the engine on HCCI mode with biofuel.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

A. HCCI  

HCCI refers as homogeneous charge compression ignition. Homogeneous charge compression ignition is new combustion 

concept, which is an alternative to conventional spark ignition (SI) and compression ignition (CI) engine combustion concepts . 

HCCI engine incorporates the basic features of SI engines (premixed charge preparation) and CI engines (auto -ignition of the 

fuel at a certain pressure and temperature) hence, can be referred as hybrid of SI and CI engines. The fuel/air mixture does not 

rely on the use of a spark plug or direct injection near Top Dead Centre (TDC) to be ignited, overall lean mixtures can be used 

resulting to high fuel economy. Fuel vaporizer is required to vaporize the fuel. Mixing of fuel and air is taking place outside the 

cylinder in the intake manifold. From the conceptual point of view HCCI would allow drastic reduction of particulate ma tters 

(PM) and NOX emissions by two processes. 

1) Formation of homogeneous mixture. 

2) Auto ignition of homogeneous mixture. 

In the HCCI engine the auto ignition occurs simultaneously across the combustion chamber. So no high temperature flame 

front will appear as in the case of SI engine. The absence of high temperature flame front will lead to negligible formation of 

NOX. Moreover the fuel rich zones are absent so soot formation are avoided. Because of less temperature inside the cylinder 

there may be high CO and HC emission but within the limit of CI engine.  
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Fig. 1.1: Comparison of SI, CI and HCCI combustion 

B. Advantages of HCCI Engine: 

 Higher efficiency. 

 As the temperature inside the engine is less it leads to low NOx and particulate matters (PM) emissions. 

 Ability to operate on alternative fuel without blending with conventional fuel. 

 Lower exhaust temperature. 

 High fuel economy. 

C. How Does HCCI Engine Work? 

1) HCCI Operation in the Gasoline Engine:- 

Several approaches have been suggested to ignite the homogeneous mixture of air and gasoline inside the cylinder as follow.  

One of the most obvious approaches is to achieve the auto ignited combustion in a four stroke gasoline engine by intake 

charge heating. High intake air temperature was use to initiate the HCCI combustion. It can be achieved by making use of wast e 

heat rejected from engine coolant or exhaust through heat exchanger. 

Another way to achieve HCCI combustion is to increase the compression ratio of gasoline engine to the point where required 

temperature and pressure for auto ignition are achieved. Variable compression ratio mechanism (VCR) mechanism will be 

required for higher compression ratio. 

The practical approach to achieve HCCI combustion in gasoline engine is through the use of large amount of burned gases by 

trapping them within the cylinder. The thermal energy of gas will heat the charge to reach auto ignition temperature. Trapping of 

residual gases can be achieved by early closure of exhaust valve. It is required to prevent the trapped burned gases flowing into 

intake manifold so the intake valve will open well after TDC. 

Another way with the use of exhaust gas involves the recirculation of exhaust gas after they have left the cylinder. It is called 

internal EGR method. The heat of the exhaust gas is used to raise the temperature of incoming charges. So auto ignition will be 

achieved. 

D. HCCI Operation in Diesel Engine: 

There are several strategies to create homogeneous mixture inside the cylinder in the diesel engine as follows.  

1) Port Fuel Injection (PFI) Diesel HCCI Engine: 

In the PFI diesel HCCI engine the fuel is injected upstream of the intake valve. For the homogeneous mixture of air and diesel 

the full evaporation of diesel should occur at the inlet port, but the temperature inside the inlet port is not enough for va porization 

of the diesel. So the common strategy to enhance the evaporation is to heat up the  intake charge. By this method the proper 

homogenization can be achieved. Then this mixture is heated up during the compression stroke up to auto ignition temperature 

but because of higher conventional compression ratio the auto ignition of the fuel will o ccur too early in the compression stroke 

far before TDC leading to less efficiency and noise. 

Exhaust gas recirculation (EGR) is the effective way to retard the start of ignition and promote the evaporation of the fuel.  But it 

increases the CO and HC emiss ions. 

E. Exhaust Gas Recirculation (EGR) 

Exhaust gas recirculation (EGR) is a technique by which a portion of engine’s exhaust is returned to its combustion chamber v ia 

its inlet system. This method is designed to extract heat from the combustion process, thu s lowering its temperature and reducing 

NOx. This method also involves displacing some of the oxygen inducted into the engine with its fresh charge air, thus reducin g 

the rate of NOx formation. 
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1) EGR Configuration: 

EGR system has the following instruments. 

 EGR cooler 

 EGR valve 

 EGR transfer pipe 

EGR cooler is required to reduce the temperature of the exhaust gas before introducing it into the combustion chamber. So 

overall temperature of the mixture of exhaust gas and fresh air inside the cylinder is reduced. The temperature inside the 

combustion chamber is directly related to the NOx produced.so less amount of NOx will produce. 

 
Fig. 1.2: Basic elements of EGR system 

EGR valve is used to vary the amount of exhaust gas into the cylinder. percentage of EGR affe cts the engine exhaust parameters 

like oxides of nitrogen(NOx),oxides of carbon(CO and CO2) hydrocarbons(HC) and particulate matter(PM).percentage of EGR 

also affects the engine performance parameters like brake specific fuel consumption, volumetric efficiency, thermal efficiency 

etc. EGR transfer pipe is required to transfer some amount of EGR from exhaust manifold to intake manifold.  

II. LITERATURE REVIEW 

1) Nakano, Y Mandokoro, S Kubo and S Yamazaki (2000) present on This paper represents the effect of EGR on ignition 

control of HCCI engine is discussed using an engine cycle simulation. 65% iso octane, 25% toluene, 10% normal heptane 

were used as test fuel. The effect of exhaust gas ratio on ignition timing is carried out. Effect of charged gas temperature and 

ratio of dilution by EGR on A\F ratio is studied. Studies was carried out on effect of EGR ratio and ignition timing on 

knocking tendency. 

1) Conclusion:  

This study concludes that an increase in EGR ratio delays the ignition timing. Dilution by a cool EGR is effective in delaying the 

ignition timing and avoiding knocking. On the other hand, an increase in the charged gas temperature advances the ignition 

timing. This result suggested that stoichiometric Combustion could be achieved by an increase in the EGR ra tio and the charge 

temperature. Based on this result it was suggested that reduction in knocking by an increase in the EGR ratio could not be ob tain 

without retardation in the ignition timing. Fuel quantity and ignition timing were shown to be an important  factors in the 

discussion of the combustion characteristics of HCCI engine, especially for knocking and NOx emission. 

2) Alireza Rahbari, Ahmad Afsari, Bamdad Barari & Iman Rostamsowlat (2012) present on This paper represents the study on 

the impact of EGR, fuel reforming and compression ratio on combustion behavior of HCCI engine using ethanol as a fuel. 

They represent the effect of increase of EGR on ignition timing, combustion reaction rate and temperature and pressure 

inside the cylinder. The study was carried out on the effect of compression ratio on ignition timing, burn duration and 

temperature and pressure inside the cylinder. 

1) Conclusion:   

The study concludes that increase of EGR delays the ignition timing, slow down the combustion reaction rate and reduces the 

temperature and pressure inside the cylinder. Hydrogen in the form of reformed gas helps in lowering the intake temperature 

required for stable HCCI operation. Increasing the compression ratio results in advancing the ignition timing decreasing  the burn 

duration and increases the temperature and pressure. Ignition timing advances and burn duration shortens when the fuel 

reforming rate enhances and above 27% of reforming rate, higher amount of heat release may lead to knocking in the cylinder.  

3) Lei Shi_, Yi Cui, Kangyao Deng, Haiyong Peng, Yuanyuan Chen(2005) present on This paper represents the effects of 

internal and cooled external exhaust gas recirculation (EGR) on the combustion and emission performance of HCCI engine 
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fueled with diesel. Paper represents the effect of internal exhaust gas recirculation (IEGR) on the emission parameters at 

various loads. Study was carried out on the effect of external exhaust gas recirculation (EGR) on the combustion parameters.  

1) Conclusion:   

This study concludes that internal EGR forms the homogeneous mixture, reduces the smoke emissions and make start of 

combustion (SOC) advances but lower the limit of load of HCCI engine. External EGR delays the start of combustion (SOC) 

effectively.at high load external EGR avoid knocking in HCCI engine. Cooled external EGR can reduce the NOx emission to a 

small value in HCCI at high load. With increase of EGR rate smoke emission of HCCI does not increase but CO emission 

increases because of incomplete combustion due to low temperature and low oxygen in cylinder.  

4) M. Ghazikhani, M. R. Kalateh, Y. K. Toroghi, and M. Dehnavi(2009) present on Experimental test was conducted on a 

single-cylinder variable compression ratio (VCR) diesel engine having compression ratio of 17.5.Gasoline is provided by a 

carburetor connected to intake manifold and diesel fuel is injected directly into the cylinder at a pressure of 250 bars. A 

heater placed at inlet manifold is used to control the intake charge temperature. Optimal intake charge temperat ure was 110-

115ºC for better formation of a homogeneous mixture causing HCCI combustion. The optimum injection timing is 35 

BTDC. Coolant temperature was maintained at 50ºC during the tests. 

1) Conclusion:  

This study concludes increasing engine speed at cons tant EGR rate leads to increase the CO and unburn hydrocarbons (UHC) 

emission due to incomplete combustion caused by shorter combustion duration and less homogeneous mixture. Increasing EGR 

reduces the amount of oxygen and leads to incomplete combustion an d increases CO emission due to lower combustion 

temperature. HC increases due to lower combustion temperature. 

5) C N Pratheeba and Preeti Aghalayam(2015) present on This paper represents the study of effect of EGR on NOx emissions 

and in Compression Ignition (CI) engines at various conditions. To this end, low dimensional models are developed using a 

first principles approach without recourse to empirics. Fuel oxidation represented by a three -step global kinetic model 

coupled with the Zeldovich mechanism for NOx formation is used to predict the composition of the entire spectrum of 

engine-out gases. Solution of the conservation equations using MATLAB provides the in -cylinder variation of parameters 

like volume, pressure, torque, speed and work done and species  (Fuel, CO, CO2, NOx, etc.) with respect to Crank Angle 

Displacement (CAD). External EGR is then implemented to study its Effect on engine -out emissions under cold start 

conditions. The effect of EGR at various combinations of engine operating conditions is examined in detail. 

1) Conclusion:  

This study concludes that both in CI and HCCI engine increasing the EGR fraction lowers the peak NOx. This is attributed to t he 

change in composition brought in by the addition of CO2 as synthetic EGR, replacing fresh feed. The presence of additional CO2 

changes the rate of NO formation in the engine, and we obtain lower NOx. The effect of reduction of NOx seen here is a pure 

inlet compositional effect, as the peak temperature is unchanged in these simulations. 

6) Chung Hwan Oha, Narankhuu Jamsrana, Ock Taeck Limb(2014) present on This paper represents the EGR effect under the 

condition of boost pressure on homogeneous charge compression ignition (HCCI) combustion engine using numerical 

methods. The calculation is carried out using a single-zone model included in CHEMIKN-PRO. The detailed chemical-

kinetic mechanisms and thermodynamic parameters for n-heptane, iso-octane and PRF (Primary Reference Fuel) from 

Lawrence Livermore National Laboratory (LLNL) are used for this study. They carried out a numerical investigate about the 

effect of EGR and combined EGR and boost pressure on HCCI engine using chemical-kinetics analysis. To conduct 

chemical-kinetics analysis, “Absolute heat release rate” was used. The important reaction of each phase was selected by the 

total absolute heat release rate which over the 5% of total heat release rate. The fuels considered are n -heptane, iso-octane, 

PRF25, PRF50 and PRF75. 

1) Conclusion:  

This study concludes that the EGR affects the heat release, the amount of heat release decrease. Hence IMEP decrease with EGR 

ratio increase. The EGR addition under the condition of boost pressure enhanced the auto ignition reactivity, the amount of h eat 

release increased. The cooling effect due to high specific heat capacity of EGR affect the auto ignition, Heat Release Rate of 

each phase (low temperature heat release (LTHR), negative temperature coefficient (NTC) and high temperature heat release 

(HTHR) decrease. To make the condition of boost pressure, initial press ure set the 2 bar, hence the amount of in-cylinder charge 

increased doubled. The increased O2 enhanced the auto ignition reactivity, hence, HRR especially PRF50 and PRF75 at LTHR 

range were remarkably increased. 

7) P. V. Ramana, Dr. D. Maheswar, Dr. B. UmaMaheswar Gowd(2013) present on This paper represents the hydrogen as a 

possible replacement for the fuels used today ,the way to reach this goal is to using new combustion concepts, such as 

Homogeneous Charge Compression Ignition Homogeneous Charge Compressio n Ignition (HCCI) engines promise high 

thermal efficiency combined with low levels of nitric oxide and particulate matter emissions where HCCI engines can 

operate on gasoline, diesel fuel, and most alternative fuels and studies suggest that the concept of an HCCI engine running 

on H2 would result in a locally emission free engine. Furthermore to investigate broaden the stable operations range for 

HCCI a series of experiments were analyzed using hydrogen fuel adaptation and their composition and EGR was introduced. 

1) Conclusion:  

This study concludes that the peak in-cylinder pressures and the rates of pressure rise were higher in the HCCI hydrogen engine 

than for conventional operation on diesel fuel, limiting the HCCI engine to part load operation and potentially requiring design 

changes to maintain engine reliability. As a consequence of the higher rates of pressure rise and peak pressures, additional design 
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considerations must be given to the piston pin, crank bearings and piston rings, since their load carrying capacity should be taken  

into account if the reliability of the engine is to be maintained. Sole hydrogen fueling HCCI was finally achieved and made 

sustainable, even at the low compression ratio of the optical engine by means of closed -valve DI, in synergy with air-pre-heating 

and negative valve overlap to promote internal EGR. Various operating conditions were analyzed, such as fueling in the range of 

air excess ratio 1.2–3.0 and intake air temperatures of 200–400 °C. 

A. Summary of literature reviewed  

 From the above literature review I conclude the emission from the vehicle can be reduce by two ways.  

 By modification in conventional IC engine. 

 With the use of the alternative fuel. 

 HCCI engine with EGR fueled with biofuel can greatly reduce the exhaust emission from HCCI engine. 

 HCCI with EGR can reduce the nitrogen oxides (NOx) and particulate matter (PM) because of lower temperature inside the 

cylinder. 

 Oxides of carbon (CO and CO2) may increase slightly because of lower temperature inside the cylinder. 

 HCCI with EGR can delays the ignition timing because of mixing of exhaust gas with intake fresh charge.  

 Specific fuel consumption may increase and combustion efficiency may decrease slightly. 
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