
Course Instructor 

Dr. Khalaf I. Hamada 

Assistant Professor 

TIKRIT UNIVERSITY 

COLLEGE OF ENGINEERING 

MECHNICAL DEPARTMENT 

INTERNAL COMBUSTION ENGINE 

Chapter 5 

Fuel Chemistry and Combustion Analysis 



Introduction 

Generally, the fuel is classified into the following: 

1) Solid Fuel 

2) Liquid Fuel 

3) Gaseous Fuel 
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Or   Or   

The different constituents of crude petroleum which are available in liquid 

hydrocarbons are:- paraffins, naphthenes, olefins, aromatics. 

So, the general form of hydrocarbons fuel is: 
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Stability Saturation 
Molecular 

Structure 

General 

Formula 

Hydrocarbon 

Group 

Stable Saturated Chain 𝑪𝒏𝑯𝟐𝒏+𝟐 Paraffins 

Stable Saturated Ring 𝑪𝒏𝑯𝟐𝒏 Naphthene 

Unstable Unsaturated Chain 
𝑪𝒏𝑯𝟐𝒏 

Olefins  
𝑪𝒏𝑯𝟐𝒏−𝟐 

Most 

unstable 

Highly 

unsaturated 
Ring 𝑪𝒏𝑯𝟐𝒏−𝟔 Aromatics 
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Relative density (specific gravity): is the ratio of fuel density to the density 

of water at STP (20      and 1atm). 
𝑺𝑮 =

𝝆𝒇
𝝆𝒘
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Additional impurities, such as water, gum deposits, sulfur, lead, 

manganese and metals like vanadium can influence or even limit 

use of liquid fuels unless they do not exceed defined concentrations.  

Fuel Composition most petroleum, however, on a mass basis, 

consists chiefly of the following elements:   

Manganese: used for antiknock in gasoline, max 0.00025 to 0.03 (g/L). 

Lead: cause pollution and destroys catalytic converters. 

Sulfur: it has low ignition temp., promote knock in SI engines. Max 250 ppm. 

Composition of a typical unleaded gasoline 

30 – 45 % Alkenes 

30 – 45 % Aromatics 

20 – 30 % Alkanes 

5 % Cycloalkanes 
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Heat (or calorific) value is defined as the amount of energy generated 

by burning 1 g of fuel in the presence of oxygen measured as kJ/kg  

LHV 

LHV 
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Flashpoint: It is the temperature at which the surface of the liquid 

fuel generates enough vapors to ignite. It very important in terms 

of auto ignition characteristics.  
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Volatility is defined as the tendency of a liquid to evaporate, which is the 

liquid fuel characteristic will affect its suitability in particular combustion 

systems. Volatility is expressed in terms of the volume percentage that is 

distilled at or below fixed temperatures. 

Distillation Curve: Figure below illustrates the effect of changing the shape of the 

distillation curve. 



15 Typical ASTM petroleum distillation 

test facility and distillation curves.  

Distillation curves for petrol 

For summer 

For winter 
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