
IV. Fuels and Combustion 
Calculations

IC Engines – 3rd Stage
University of AlBasrah

College of Engineering –
Mechanical Engineering Department

1



Petroleum Crude Oil
• Formed due to the fossilization of organic matter, under ground. 

Raw petroleum as obtained from oil wells, is a mixture of many 
hydrocarbons with differing molecular structure. It also contains 
small amounts of sulfur, oxygen, nitrogen and impurities like water 
and sand.

• “Sweet” and “sour” refer to the amount of sulfur.
• “Light oil” is generally composed of three hydrocarbon families:
- Saturated hydrocarbons: paraffins (or normal alkanes, CnH2n+2) with 

gas (n = 1 – 4), liquid (n = 5 – 15), and solids (n > 15).
- Unsaturated hydrocarbons, or aromatics, like benzene (C6H6), 

toluene (C7H8) and naphthalene (C10H8)
- Resin and asphaltenes, heavier hydrocarbons rich in nitrogen, 

oxygen and vanadium.
- Refining: distillation (separation of the lighter components), 

catalytic cracking (heating) and reforming (with steam or hydrogen). 
Products are typically refinery gas, LPG, gasoline (mostly octane 
C8H18) , aviation fuels diesels, heating and lube oils…
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The Range of Common 
Carbon/Hydrogen Fuels
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•Schematic of the Fractionation of Crude Oil
into Products of Varying Volatility .

• economic pressure is to increase gasoline/petrol
fraction.
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2 Fuel Properties
2.2 Distillation Curve-
Figure 1 illustrates the effect of changing the shape of the 
distillation curve.
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3. Typical 
Properties of 

Liquid Fuels and 
Hydrocarbons
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3. Typical Properties of Gaseous Fuels and Hydrocarbons
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Adiabatic Flame Temperature

• Consider the case 
where the cylinder is 
perfectly insulated so 
the process is adiabatic 
(Q= 0) 
– For a constant pressure 

process, the final 
products temperature, 
Ta, is known as the 
adiabatic flame 
temperature (AFT).
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Effects of Fuel-air mixture on Constant Pressure 
Adiabatic Flame Temperature with products at 
equilibrium



Stoichiometric mass of air for complete 
combustion of a fuel (AF)s ,(kg of Air/kg of Fuel) 

AF)s = 11.51 C% + 34.48(H2% - O2%/8) + 4.31 S%
• Example: Find the AF)s for heptane (C7H16).
Molecular weight of heptane = 7*12+16*1 = 100 kg
C% = 7x12/100=84%, H2% = 16x1/100=16%,
O2% = 0.0, S% = 0.0 :::
AF)S = 11.51x0.84 + 34.48x0.16 = 15.18 (kg of air / kg of fuel)
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Actual Air-Fuel Ratio AF)a and Excess Air
• Note: for practical cases, it is common practice to use more air than 

stoichiometric amount to increase the chances of complete 
combustion or to control the temperature of the combustion 
chamber.  Excess Air must be supplied (more than AF)s ) as the 
mixing of air and fuel is not perfect. 

• % Excess air = [{AF)a – AF)s} / AF)s] x 100
• A mixture with an excess air is termed weak mixture & poor or 

lean. And one that has a deficiency of air is termed  rich mixture.

• For SI engine, AF)a ~ (12 – 20) depending on the 
operating conditions (e.g., accelerating, cruising, 
starting etc.)

• For CI engines, AF)a ~ (18 – > 30) due to poor 
mixing of fuel and air.
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Engine Exhaust Analysis
Determination of AF in an engine during operation

• It is common practice to analyze the exhaust of an IC engine. 
• The control system of a modern smart automobile engine includes sensors 

that continuously monitor the exhaust leaving the engine. These sensors 
determine the chemical composition of the hot exhaust by various chemical, 
electronic, and thermal methods. This information, along with information 
from other sensors, is used by the engine management system (EMS) to 
regulate the operation of the engine by controlling the air-fuel ratio, ignition 
timing, inlet tuning, valve timing, etc.

• Repair shops and highway check stations also routinely analyze automobile 
exhaust to determine operating conditions and/or emissions. This is done by 
taking a sample of the exhaust gases and running it through an external 
analyzer. 

• When this is done, there is a high probability that the exhaust gas will 
cool below its dew point temperature before it is fully analyzed, and 
the condensing water will change the composition of the exhaust. To 
compensate for this, a dry analysis can be performed by first removing 
all water vapor from the exhaust, usually by some thermo-chemical 
means.
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The Analytical Procedure to Determine the 
Actual Air-Fuel Ratio AF)a

1. Write the combustion equation:

• Where x, y, a, b, c & d are known,
• X, Y & d are unknown.
2. By applying required balances, X and Y are 

determined
3. AF)a = (32 Y) / (0.232 X)
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Notes
• M = Molecular weight , N = number of moles.
• Molecular weight of air; Mair = 28.97 kg/kmol
• Mass = moles x molecular weight; m = NxM
• AF)by mass = AF)by vol x (Mair/Mfuel)
• Where, AF)by vol is the (NO2 + NN2) in the 

equation of combustion of a fuel.
• λ- ratio {AF)a/AF)s = mair,a/mair,s} is also called 

‘percentage of theoretical air’.
• The subscripts: a = actual, s = stoichiometric.
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