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Abstract— In present study, A spark ignition and a 

compression ignition engine with uniflow valve scavenging 

of the cylinder and a transfer valve in the piston crown have 

been described. A great disadvantage of two-stroke engines 

is ports which are made in the cylinder bearing surface. 

Under the heat which is realised during the combustion, the 

thermal extension of the range in proximity of the ports and 

other parts of the cylinder is different and so the distortion 

of the geometry of the cylinder liner surface force the 

designer to make the clearance between the piston and the 

cylinder liner bigger. This paper presents the critical review 

to study the effect of fuel injection timing and scavenging 

using diesel on the combustion and emission characteristics 

of a single cylinder, two stroke, air cooled direct injection 

diesel engine. It is well known that injection strategies 

including the injection timing and pressure play the most 

important role in determining engine performance, 

especially in scavenging emissions. However, the injection 

timing and pressure quantitatively affect the performance of 

the diesel engine.  
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I. INTRODUCTION 

In the Internal combustion engine, At the end of the 

expansion stroke the combustion of a two-stroke engine is 

left full of product of combustion, this is because unlike 

four-stroke engine, this is no exhaust stroke available to 

clear the cylinder of burnt gases , the process of clearing of 

cylinder, after the expansion stroke, is called scavenging 

process, this must completed in a very short duration 

available between the end of the expansion stroke end start 

of the charging process.  

The efficiency of two stroke engine  depend to a 

great degree on the effectiveness of the scavenging process, 

since bad scavenging gives a low mean indicate pressure 

and hence, result in a high weight and high cost per bhp for 

the engine. With insufficient scavenging the amount of 

oxygen available is low so that the consequent incomplete 

combustion results in higher specific fuel consumption. Not 

only that, the lubricating oil becomes more contaminated, so 

that its lubricating qualities are reduced and results in 

increased wear of system and cylinder liners. Poor 

scavenging also leads to higher mean temperatures and 

grater heat stresses on the cylinder walls. [1]  

The reason of the described experiments and 

deformations of the liner geometry which were the 

disadvantages of the compression ignition engine in the use 

of two stroke engines in trucks, buses, plant machines, fish 

cutters and so on. Again the conception leaded two a 

solution of an engine without ports in the cylinder liner 

valves in the cylinder head to keep the geometry of any 

distortion.  

To carry out the planned experiments, a 

compression ignition engine which was at the disposal of the 

authors has been used. This engine has a direct injection 

chamber, had a power output of 7 kW at 3000 rev/min. The 

cylinder diameter is of 90 mm and the stroke -90 mm. The 

swept volume of the cylinder is 573 cm. The engine is air 

cooled by means of an own ventilator [2]. The reason of the 

described experiments and deformations of the liner 

geometry which were the disadvantages of the compression 

ignition engine in the use of two stroke engines in trucks, 

buses, plant machines, fish cutters and so on. Again the 

conception leaded two a solution of an engine without ports 

in the cylinder liner valves in the cylinder head to keep the 

geometry of any distortion.  

The NOx is produce data great extent, due to the 

high local temperatures found in Diesel engines which are 

highly dependent on the initial rise of heat release. In 

addition, soot production and oxidation are both dependent 

on the mixing rate and local flame temperatures [3]. The 

injection velocity is one of the most influent parameters on 

the factors (which are mentioned before), since it controls 

both the mixing process and the rate of heat release. This is 

the reason that injection system parameters and nozzle 

geometry have been extensively studied due to their direct 

relation with the fuel injection rate and fuel velocity. To 

support this, it has been recognized that the characteristics 

of the injection system are the most important fact or sin 

influencing emissions and performance of CI engines.[4,5] 

II. THE SCAVENGING PROCESS 

Before discussing the scavenging process, it is useful to 

describe the operation cycle of the two-stroke engine with 

direct injection. For this purpose, an engine with scavenge 

and Exhaust ports instead valves will be considered. At the 

beginning of the cycle, when fuel Injection and ignition 

have just taken place, the piston is at the TDC (top dead 

center). The temperature and pressure rise and consequently 

the piston is driven down, Fig.1.(a) (note that the arrows 

indicate the direction of the piston). Along the power stroke, 

the exhaust ports are uncovered (opened) and, consequently, 

the burnt gases begin to flow out, Fig.1. (b). The piston 

continues down. When the piston pasts over (and 

consequently opens) the scavenge ports, pressurized air 

enters and drives out the remaining exhaust gases, Fig.1.(c). 

This process of introducing air and expelling burnt gases is 

called scavenging. The incoming air is used to clean out or 

scavenge the exhaust gases and then to fill or charge the 

space with fresh air. After reaching BDC (bottom dead 

center), the piston moves upward on its return stroke. The 
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scavenge ports and then the exhaust ports are closed, 

Fig.1.(d), and the air is then compressed as the piston moves 

to the top of its stroke. Soon before the piston reaches TDC, 

the injectors spray the fuel, the spark plug ignite the mixture 

and the cycle starts again.  

 

Fig. 1: Basic engine operation. (a) Injection; (b) exhaust; 

(c) scavenge; (d) compression. 

A drawback which has a decisive influence, not 

only on consumption but also on power and pollution, is the 

process of displacing the burnt gases from the cylinder and 

replacing them by the fresh-air charge, known as 

scavenging. In ideal scavenging, the entering scavenge air 

acts as a wedge in pushing the burnt gases out of the 

cylinder without mixing with them. Unfortunately, the real 

scavenging process is characterized by two problems 

common to two-stroke engines in general: short-circuiting 

losses and mixing. Short-circuiting consists on expelling 

some of the fresh-air charge directly to the exhaust and 

mixing consists on the fact that there is a small amount of 

residual gases which remain trapped without being expelled, 

being mixed with some of the new air charge.[7] 

III. THEORETICAL SCAVENGING PROCESS 

Fig.3.1 Illustrates three theoretical process. these are perfect 

scavenging, perfect mixing and complete short circuiting. 

A. Perfect scavenging 

 No mixing, air displaces the product to the exhaust (if extra 

air is delivered i.e., when delivery ratio > r/r-1, it is not 

retained). 

B. Short circulating 

The air initially displaces all the product within the path of 

the short circuit and then flows into and out of the cylinder. 

 

Fig. 2: Three theoretical scavenging process 

C. Perfect mixing 

The first air to enter the cylinder mixes instantaneously with 

the products and the gas leaving is almost all residual ( for 

larger delivery ratio most of gas leaving is air)[8] 

IV. SCVENGING PARAMETER 

A. Delivery ratio(Rdel). 

The delivery ratio represents the ratio of the air volume, 

under the ambient condition of the scavenge manifold, 

introduce per cycle and a reference volume. 

Delivery ratio, Rdel
   

= v1/vref 

The delivery ratio on mass basic according to it, the 

delivery ratio is mass of fresh air deliver to the cylinder 

divided by a reference mass, 

Rdel  =MFAD/MCY 

  Thus the delivery ratio is measured to air supply to 

the cylinder relative to the cylinder content. If Rdel =1, it 

means that volume that the scaenging that supply to the 

cylinder is equal to cylinder volume. Delivery ratio usually 

varies between 1.2 to 1.5 except for closed crank case 

scavenge where it is less then unity. 

B. Scavenging efficiency  

Scavenging efficiency is define as the ratio of the volume 

the scavenge air which romance in the cylinder at the end  of 

the scavenging to the volume of the cylinder it self at the 

moment when the scavenge and exhaust ports of the valves 

are fully closed. it is given by  

ᶯsc  =  v2
1
/v2 And according to S.A.E.   

ᶯsc  = MFAD/MCY 

Scavenging efficiency indicated to what extend the 

residual gases in the cylinder is replaced with fresh air. If it 

is equal to unity, it means that all gases existing in the 

cylinder at the beginning of scavenging have in swept out 

completely. 

C. Relative cylinder charge  

relative cylinder charge is measure  of the success of filling 

cylinder irrespective or the compression of charge and is 

define as  

Crel = V2/ Vref 

It must be noted that all volumes reverse to are at 

standard temperature and pressure. Taylor, however, 

recommends the use of inlet temperature and exhaust 

pressure as the reference .It can be shown that the delivery 

ratio, scavenging and trapping efficiency are related by the 

following equation [9,10] 

        R del= Crel  . ᶯsca /ᶯtrap 

D. Charging efficiency  

the amount of fresh charge in the cylinder is a measure of 

the power output of the engine. The useful fresh charge 

divided by 6 and the displacement volume is the charging 

efficiency defined as 

 ᶯch  = Vret / Vref 

Charging efficiency is a measure of the success of 

filling  the cylinder with fresh air. Naturally 
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ᶯch = Rdel. ᶯtarp 

E. Pressure loss coefficient (Pl) 

The pressure loss coefficient is the ratio between the main 

upstream and downstream pressure during scavenging 

period and represent the loss of pressure to which the 

scavenging air is subjected when it crosses the cylinder. 

F. Excess air factor (λ) 

The valve (Rdel-1) is called the excess air factor λ. For 

example, if the delivery ratio is the excess air factor is 0.7. 

[1] 

V. CLASSIFICATION BASED ON SCAVENGING PROCESS 

A. Cross flow 

scavenged- In a cross flow engine the   transfer ports and 

exhaust ports are on opposite sides of cylinder and a baffle 

shaped piston dome pushing the exhaust down by the other 

side of the baffle and out the exhaust port.  

B. Loop-scavenged 

This method of scavenging uses carefully aimed transfer 

ports to loop fresh mixture up one side of the cylinder and 

down the other pushing the burnt exhaust a head of it and 

out the exhaust ports. It features a flat or slightly domed 

piston crown for efficient combustion. Loop scavenging is 

by far the most used system of scavenging. [8] 

C. Uniflow scavenging system 

In the uniform scavenging system, the air enters the cylinder 

from one end and leaves it from the other end, flowing 

through according to parallel flow lines normally flow lines 

normally having a slight rotation to stabilized the vertical 

motion,. Air acts like an ideal piston and replace it at least in 

principle, throughout the cylinder [9] 

 

 
        Cross    Loop                     Uniflow  

Fig. 3: Different scavenging on two stroke engine [11] 
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Table 1: Different Scavenging Method And Their 

Application-[1] 

VI. TYPICAL TIMING OF TWO-STROKE CYCLE CI ENGINE 

Fig.4. shows very high power diesel engines used for ship 

propulsion are commonly two stroke diesel engines. In fact, 

all engines between 400 to900 mm bore are loop scavenged 

or uniflow type with exhaust valve Fig.3. The brake power 

on a single crank shaft can be unto 37000 kw. Nordberg, 12 

cylinder 800 mm bore and 1550 mm stroke, two stroke 

diesel engines develops 20000 kw at120 rpm. This speed 

allows the engine to be directly coupled or the propeller of a 

ship without the necessity of gear reducer. [2] 
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Two stroke engine the cycle is completed in one resolution 

of the crankshaft. The main difference between two-stroke 

and four-stroke engine is in the method of filling the fresh 

charge and removing the brunt gases from the cylinder. In 

the four-stroke engine these operations are performed by the 

engine piston during the suction and exhaust respectively. In 

a two-stroke engine, the filling process is accomplished by 

the charge compressed in crankcases or by a blower. The 

induction of the compressed charge moves out the product 

of combustion through exhaust ports. Therefore, no piston 

strokes are required for these two operations. Two strokes 

are sufficient to complete the cycle, owner for compressing 

the fresh charge and other for expression or power stroke. 

[1]                 

 

Fig. 4: Two-stroke engine 

In case of two-stroke engine the exhaust port is 

opened near the end of expansion stroke.  With piston-

controlled exhaust and inlet port arrangement the lower port 

of the piston stroke is always wasted so as far as the useful 

power output is concerned. About 15% to 40% of the 

expansion is in effective. The actual percentage varies with 

different engine. This early opening of the exhaust code 

during the last part of the expansion stroke is necessary 

permit blow down of the exhaust gases and also to reduce 

the cylinder presser so that when the inlet port opens at the 

end of blow down process fresh charge enter the cylinder  

 

Fig.5.Crankcase- scavenge two-stroke engine. 

The fresh charge which comes from the cranks as 

for scavenging pump, enter the cylinder at a pressure 

slightly higher than the atmosphere pressure. Of the fresh 

charge is lost due to sort circuit. For a petrol engine this 

means a loss of fuel and high unbrunt hydrocarbon in the 

exhaust. For a crankcase scavenge engine the inlet port 

closed before the exhaust port whilst for a supercharge 

engine the inlet port closed after the exhaust port. Such 

timing allows more times filling the cylinder.[9]  

REFERENCES 

[1] Ganesan v, (2003), Internal Combustion Engines, 

Tata McGraw Hill. 

[2] Jan A. WAJAND, Adam FIC “A Two-Stroke                       

engine With  Uniflow Valve Scavenging  of  Cylinder 

The And A Transfer  Valve In The Piston  Crown 

[3] J.B. Heywood, Internal Combustion Engine 

Fundamentals, McGraw-Hill, New York, 1988 

[4] P. L. Herzog, L. Burgler  E. Winklhofer, P. Zelenka, 

W. Cartellieri, NOx reduction strategies for DI diesel 

engines, SAE Paper920470,1992 

[5] H. Erlach, F. Chmela, W. Cartellieri, P. Herzog, 

Pressure modulated injection and its effect on 

combustion and emissions of a HD diesel engine, 

SAE Paper 952059, 1995. 

[6] J. R. Needham, M. P. May, D. M. Doyle, S. A. 

Faulkner, Injection timing and rate control – a 

solution for low emissions, SAE Paper 900854, 1990. 

[7] Maria Isabel Lamas Galdo and Carlos G. Rodríguez 

Vidal Universidad da Coruna Spain Simulation of the 

Scavenging Process in Two-Stroke Engines. 

[8] Heywood  JB and sher E (1999), The Two Stroke 

Cycle Engine, Taylor & Francis. 

[9] Mathur ML, and Sharma RP, (1994), A Corse in 

Internal Combustion engines dhanpat rai & sons new 

Delhi. 

[10] S.A.E. Recommended practice U606 reference 

volume.  

[11] Srinivasan S, (2001), Automobile Engine Tata MCG-

raw Hills. 

 


