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Abstract. Keeping in mind the huge problem of polluting environment, researchers and scientists are 
trying to find new approaches to reduce exhaust emissions from automobile engines by designing 

improved engine designs, modifying exhaust systems, attaining complete combustion of fuel, etc. A lot of 

research has been made in designing improved engine cylinder heads and placement of spark plug (in SI 

engine) or fuel injector (in CI engine) along with varying sizes of inlet and exhaust valves. After all these 
researches, Inline engine head was widely used in all automobiles until recently V-head engine types 

proved to be more efficient and hence replaced Inline cylinder heads. In this research, a new approach of 

attaining high power output along with reduced exhaust components and high efficiency will be achieved 

by combining F- type engine head with Tapered piston. Tapered piston is a latest invention in Automobile 

and it has a tapered piston head instead of flat head piston. The proposed design will not only have high 
efficiency but will also reduce the tendency of knocking as faced by F- type engine head. 

Keywords. Engine Head, F- type Engine head, Piston, Tapered Piston, Engine, Combustion Chamber.

 

1 Introduction 

Any component that converts one form of energy (Heat  

Energy) into another form (Mechanical Energy) is called  

as Heat Engine o r simply Engine [1-2]. The conversion 

of energy from one form to another is always associated 

with energy loss and hence the efficiency is always less 

than 100%. The losses include: Frict ional loss, loss due 

to Moment of Inertia, Power Trans mission losses, etc. 

The aim behind conversion of energy is that Heat  energy 

is considered as poor form of energy while Mechanical 

energy is considered as rich form of energy as it can be 

easily converted into other forms such as Electrical 

energy. To generate heat energy in the engine, some sort 

of fuel is always used which can be solid, liquid or 

gaseous in state. Chemical energy associated with fuels 

is first converted into heat energy by combustion process 

which is further converted into mechanical energy. 

Various systems of Heat engine are briefly discussed 

herewith [12]: 

1. Cooling System: The system prevents engine from 

excessive heating due to fuel combustion. It can be 

either Air cooled or Water cooled. 

2. Fuel System: The components (Fuel tank, Fuel 

pipes, Fuel In jectors) of this system comprises from 

storage of fuel to injecting in the engine cylinder. 

3. Exhaust System: Exhaust System is responsible fo r 

venting the exhaust (burnt gases) out of engine 

cylinder with least back pressure and also helps in 

containing the engine noise. 

 

 

4. Lubrication System: To reduce the friction between 

moving or rotating parts, lubricating oil or grease is 

used for smooth operation of parts and also to reduce 

wear and tear of moving parts. 

5. Ignition System: Ignit ion system provides adequate 

amount of fuel to inject in diesel engine cylinder or 

high voltage spark in petrol engine cylinder fo r 

combustion process to generate power. 

6. Electrical S ystem: Electrical System comprises of 

Battery, Charging System and Starting System. 

Battery supplies electricity to various electrical 

components such as lights, spark plugs, etc. Charging  

system continuously charges the battery to satisfy 

required electricity. 

Heat engines are broadly classified into two major 

categories: 1) External Combustion Engine and 2) 

Internal Combustion Engine. In External combustion 

engine, combustion of fuel takes place outside the engine 

and heat is supplied to engine; for e.g. Thermal Power 

Plant. In Internal combustion engine, combustion of fuel 

takes place inside an engine cylinder; for e.g. engines 

used in vehicles.  

The detailed engine classification is as under [3]: 

1. Types of Fuel: Engine based on type of fuel used can 

be classified as Petrol (Gasoline) and Diesel. 

2. Number of Strokes: 2-Stroke and 4-Stroke are the 

number of strokes which generates one power stroke. 

3. Number of Cylinders: Single Cylinder and Multi-

Cylinder are the types of engine based on number of 

cylinders. 
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4. Cylinder Arrangement: The engines can be 

classified based on arrangement of cylinders in an  

engine such as Inline, V-Type, Opposed Piston 

Opposed Cylinder, etc. 

5. Type of Head: Flat Head, F-Head, T-Head, L-Head, 

I-Head are types of combustion chambers for internal 

combustion engines. 

6. Ignition System: The medium used to burn air-fuel 

mixture is called as Ignition system. Spark ignited  

engines and Compression ignited engines are the 

types. 

A T-Head engine also called Side Valve engine 

distinguishes from more common L-Head engine due to 

valve placement [13]. Both intake and exhaust valves are 

placed in cylinder block with inlet valves on one side and 

exhaust valves on another. The design was very complex 

at its time, as it required two separate camshafts to 

operate valves on either side making it mo re expensive 

to manufacture. It was also quite heavy and inefficient 

compared to amount of fuel it  consumed generating 

much less horsepower. The only reason for its success at 

that time was because of fuel it can work on. It can ignite 

fuel at  very low temperature and hence can easily  

operate with low quality fuels but was very prone to 

knocking (ignition of fuel before occurrence of spark) 

which made it obsolete.  

A Flat-Head engine or L-Head engine is a sort of 

engine design where valves are placed beside the piston 

in the cylinder b lock[14]. The side-valve’s poppet valves 

are cited on one side of cy linder and are d irectly actuated 

by tappets without employing any further valve-t rain  

components. This type of design was very successful 

from 1919 to 1950 due to its simplicity, reliability, low 

cost, compactness, responsive low speed power, lower 

engine noise and insensitivity to fuel quality. An added 

benefit to such design is that if the valve seizes in guide 

of particu lar cylinder, the other cylinders will not be 

affected. Poor gas flow, Poor combustion chamber shape 

and low compression ratio were the disadvantages 

associated with L-Head engine resulting in low power 

output.  

An Overhead engine (OHV Engine) or I-Head engine 

is modified design of Flat-Head (F-Head engine) having 

valves placed in cylinder head. In this engine, though 

valves were placed in cylinder head but instead of 

operating them directly with camshafts, pushrods 

operated by camshafts located in cylinder block were 

used[15]. The I-Head design marked its impact due to  

smaller engine size and simpler d rive train. But on the 

other hand, it suffered from major drawbacks of limited  

engine speed, limited cylinder head design, high 

maintenance cost and rapid wear and tear of valve-t rain  

due to friction. 

In F-Head Engine, one valve is located in Cylinder 

Head while other is located in Cylinder Block. 

Generally, In let Valve is located in cylinder head and 

exhaust valve is located in cylinder block. This design is 

considered to be a compromise between L-Head and I-

Head engine types combustion chambers. The inlet and 

exhaust valves are inclined at an angle while spark plug  

is located at flat roof allowing bigger inlet valve than 

exhaust valve. Also such an arrangement provides the 

shortest flame travel with high volumetric efficiency, 

maximum compression ratio and high thermal efficiency.  

It is designed at an angle at head for a purpose to 

ensure that all exhaust gases are emitted out of engine 

during Scavenging process with the pressure of fresh 

inlet  charge[4]. Also the tapered piston allows the flat  

cylinder head designing and no need of cylinder axis  

offset is necessary for V-arrangement. Horex 

Motorcycles Company is the first to incorporate tapered 

pistons having 15 degrees of slant piston head in its VR 

engine layout. 

2 Related Work 

The literature survey in this section will have a brief 

introduction on various approaches used mixing  air-fuel 

mixture, generating more power from fuel with less 

knocking and fuel consumption. 

Much research has been done on methods and 

techniques for efficiently  consuming the fuel and 

producing maximum possible output power out of it. 

However there is further need to polish the techniques to 

make the environment greener and healthier. 

Rupert Baindl in [4] suggested VR Cylinder 

arrangement having rows of cy linders arranged in offset 

manner and nested into each other resulting in  compact 

multi-cylinder engine that can be easily fitted in  compact 

vehicles having restricted spaces such as Motorcycles. 

VR engine uses modified piston i.e. tapered piston head 

is used instead of flat piston head for generating more 

power. The head has been tapered in such a way  that it  

replicates the V-arrangement  of cy linder. However using 

tapered piston with flat head cylinder results in trapping 

of burnt gases giving rise to knocking. 

In [6], Shigehisa Betchaku proposed an approach of 

cooling valves by creating water jacket around them. The 

maximum heat can be absorbed and dissipated by water 

flowing around the valves making effective and thermal  

efficient engine. The water jacket is formed  between by 

making a rib between walls on inlet port of one cylinder 

and exhaust port of another cylinder. But it must be 

taken care that the cylinder head bolts are placed at 

appropriate position so that exhaus t gases doesn’t blow 

out of engine head. 

Somender Singh proposed a mechanis m to create 

turbulence inside engine cylinder in his patent [7]. To  

overcome the incomplete combustion of fuel inside an  

engine cylinder due to lack of turbulence, Grooves, 

Channels and Passages have been provided in the piston 

head. The turbulence so created due to such an 

arrangement will result in A) Multi Po int Flame 

Propagation, B) More power output, D) Better Fuel 

economy, D) Lesser emission due to complete 

combustion, E) Higher compression ratios can be 
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achieved and F) Lower octane rating of fuel can be used. 

With these many advantages in line, the design suffered 

due to complex design of piston for providing grooves, 

channels and passages. Also passages may weaken  the 

strength of piston head resulting in rapid wear and 

tear[5]. 

Fred Zollner and Fort Wayne designed heat dam or 

thermal barrier [8] in p iston head. The need to design 

such a piston was to overcome incomplete combustion of 

fuel during expansion stroke due to lack of heat 

generation. The heat dam designed is made of Steel or 

Aluminum and is laced between piston head and ring 

section to restrict the flow of heat for exchanging heat 

between fresh charge and burnt gases during suction 

stroke. However cooling system must be designed in 

such a way that more heat is not accumulated else the 

engine may suffer from pre -heating and piston may seize 

in the cylinder. 

Double Taper Piston designed by John Markley  

Curtis Jr. and Paul Roberts Shepler in  [9] to minimize 

the clearance between cy linder walls and piston skirt to  

prevent accumulation of carbon deposits. Double tapered 

piston at top land also has controlled variation between 

cylinder walls and p iston above compression rings. The 

double tapered piston is achieved in three sections: A) 

Piston head diverges outwardly from its axis, B) Extends 

parallel to piston axis and C) Piston head diverges 

inward ly towards its axis. Higher fuel consumption, Poor 

engine performance, more smoke and emissions are 

issues associated with the design. 

John Flinchbaugh and Michael Lee Anderson 

proposed [10-11] Piston head for spark ignited engine 

having cavities drilled in the piston crown. The cavit ies 

are so drilled that the entrance of air\fuel mixture can be 

controlled producing more turbulence giving complete 

combustion as a result. But the cavities of size 2.5mm 

depth reduce strength of piston crown giving rapid wear 

and tear of piston. 

3 Proposed Solution 

This report is based on approach for getting higher 

output from the fuel by modifying the engine design and 

parameters. 

To overcome the issue of lesser fuel efficiency and 

higher polluting gases, we have proposed a modified  

engine comprising of F-Head type combustion chamber 

having tapered piston head is shown in Fig -1. During  

the period, a modified engine has been designed having 

tapered piston working in F-Head engine. 

 

 

         Fig. 1. Proposed Tapered Head Piston 

 

    Fig. 2. Proposed F-Head Engine with Tapered Head Piston 

4 Conclusion and Future Work 

In this research, we proposed an unique combin ing F-

Head type combustion chamber with tapered piston head. 

The proposed solution will overcome the drawbacks 

associated with F-Head type combustion chmaber.  

Employing Tapered piston in F-Head engine is shown in 

Fig-2 is a challenging task; but looking at  the advantages 

of the combination  , it  seems to  be an interesting and 

evolving technology.  

Though F-Head engines have their own 

disadvantages of complex combustion chamber  shape; 

the combination  of F-Head engine and Tapered Piston 

solves most of the problems and converts the drawbacks 

into strong points such as: 

1. Reduced rate of Knocking 

2. Complete removal of exhaust gases  

3. Efficient scavenging process  

4. Better Intake Mixture flow 

5. Cooling effect from mixture swirl 

In the future we aim to develop the proposed model 

and based on the result found, compare it with  the 

existing model. 
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