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Lecture No(1) 

Thermodynamic of combustion                      

 

1. Class : third  Year  

2. Subject : Thermodynamic of combustion                                         

 

3. Number of weeks: one  week  

 

4. Central idea : Study Thermodynamic of combustion                       

 

5. The Test: 
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Specific Heat  

 Specific heat is defined as the amount of energy needed to increase 

the temperature of a unit mass of a substance by one degree. In 

thermodynamics, we are interested in two kinds of specific heats: specific 

heat at constant volume cv and specific heat at constant pressure cp. 

 

the specific heat at constant volume cv can be viewed as the energy 

required to raise the temperature of the unit mass of a substance by one 

degree as the volume is maintained constant. The energy required to do the 

same as the pressure is maintained constant is the specific heat at constant 

pressure cp. This is illustrated in Fig. below. 

 

 

 

 

 

 

 

 

 

 

 

 

dQ=m cp dT 

 

Q=m cp (T2-T1)    specific heat at constant pressure cp. 

 

dQ=m cv dT 

 

Q=m cv (T2-T1)     specific heat at constant volume cv. 

 

For small q & ΔT the ratio q / ΔT tends to limit that indicates the specific 

heat at a temperature T , thus : 

c = lim
ΔT→0

q

ΔT
= 

δq

δT
 

For a gas , specific heat depends on 

whether the gas is at constant 

pressure or at constant volume. 
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cp= (
δq

δT
)

p

= (
δh

δT
)

p

 

 

𝑐𝑣 =  (
𝛿𝑞

𝛿𝑇
)

𝑣
=  (

𝑑𝑢

𝛿𝑇
)

𝑣
 

 

Where :  

𝛿ℎ = change in the enthalpy 

𝛿𝑢 = change in the internal energy 

 The unit of the specific heat in the SI units is    
J

kg .k
 

 

Internal energy (U , u) 

Internal energy is defined earlier as the sum of all the microscopic 

forms of energy of a system. It is related to the molecular structure and the 

degree of molecular activity and can be viewed as the sum of the kinetic and 

potential energies of the molecules. 

 

It can be concluded that the net energy transfer to the system in each 

of these processes must be the same. It follows that heat interactions also 

involve energy transfer. Denoting the amount of energy transferred to a 

closed system in heat interactions by Q, these considerations can be 

summarized by the closed system energy balance: 

 

 

 

 

  Assume that there is no change in KE. (The system is steady) ,and 

there is no change in potential energy (z = 0). Then the above equation 

become :  
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For must substance , the internal energy, where is no phase change is 

involved ,depends strongly on temperature and rather weakly on pressure or 

volume ,and when no external work is done then : 

                                             ∆U = (U2-U1) = Q = cv ∆T 

                                                      Q=m cv (T2-T1) 

Then :                                          ∆U=m cv (T2-T1) 

                                        or ∆u=cv (T2-T1)  per unit mass 

The unit of internal energy is (J) ,and for specific internal energy is 

expressed in (kJ /kg). 

  

Enthalpy: 

 

Assume that there is no change in KE. (The system is steady) ,and 

there is no change in potential energy (z = 0). Then the above equation 

become :  

 

and                                        W=P(V2-V1) 

then           Q-P(V2- V1)=(U2-U1)   →  Q=(U+PV)
1
- (U+PV)

2
 

Q= H2-H1 
 

we frequently encounter the combination of properties (U +Pv). For the sake 

of simplicity and convenience, this combination is defined as a new property 

enthalpy, and given the symbol h for specific enthalpy: 

 

ℎ = 𝑢 + 𝑃𝑣   in (kJ /kg) 
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q
1-2

= h2-h1 

 
for a constant pressure process the energy equation can be written as : 

𝑞1−2 =  𝑐𝑝 𝑑𝑇 → 𝑑ℎ = 𝑐𝑝𝑑𝑇 = ∫ 𝑐𝑝

𝑇2

𝑇1

 𝑑𝑇 =  𝑐𝑝(𝑇2 − 𝑇1) 

 

Note : enthalpy and internal energy can be found in the steam table.  

Perfect gas low     

𝑃𝑉 = 𝑚𝑅𝑇 

𝑃𝑉 = 𝑛𝑅𝑂𝑇  

Where  

m:mass (kg) 

n:number of moles 

R:specific gas constant (kj/kg.k) 

𝑅𝑂:universal gas constant =8.314 kj/mole .k 

𝑅 =
𝑅𝑂

ℳ
                   𝑛 =

𝑚𝑎𝑠𝑠

ℳ
=

𝑚

ℳ
                                          

ℳ  : Molecular weight   

Molecular weight 

Gases μ 

O2 32 

N2 28 

CO 28 

C 12 

CO2 44 

H2O 18 

H2 2 
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OTE: 1 mole of air =(0.21 mole of O2 +0.79 mole of N2 ) 

             1 kg of air =(0.233 kg of O2 + 0.767 kg of N2 ) 

  

 

 

 

 

3 



Northern Technical University                                             

Technical college of Engineering / Mosul 

Combustion & Pollution Engineering  (third year) 

prepared by : Assistant Lecturer  Mr. Omar M. yousif  Page 9 
 

 

4 

5 

6 

7 

8 

9 

10 

11 

12 



Northern Technical University                                             

Technical college of Engineering / Mosul 

Combustion & Pollution Engineering  (third year) 

prepared by : Assistant Lecturer  Mr. Omar M. yousif  Page 10 
 

 

 

 

 

 

 

 

13a 

13b 

14a 

14b 

15a 

15b 



Northern Technical University                                             

Technical college of Engineering / Mosul 

Combustion & Pollution Engineering  (third year) 

prepared by : Assistant Lecturer  Mr. Omar M. yousif  Page 11 
 

                         

 

 

 

 

 

 

 

 

 

 

 

16 



Northern Technical University                                             

Technical college of Engineering / Mosul 

Combustion & Pollution Engineering  (third year) 

prepared by : Assistant Lecturer  Mr. Omar M. yousif  Page 12 
 

Ex1: a rigid tank contains 4 kg of O2 and 3 kg of N2 and 5 kg of CO2 . at 

press of 2 bar and temperature of 25 ºC  . find gravimetric and volumetric 

analysis . 

Sol: 

Gases  Mi(kg/kmole) mi(kg) ni= mi /Mi Xi=ni/∑ni Yi=mi/∑mi 

O2 32 4 0.125 0.362 0.333 

N2 28 3 0.107 0.310 0.25 

CO2 44 5 0.1136 0.327 0.4166 

  ∑mi=12 ∑ni=0.345 ∑Xi=1 ∑Yi=1 

 

 

  

 

 

 

 

 

 

 

 

 

 



Northern Technical University 

Technical college of Engineering / Mosul 

Combustion & Pollution Engineering  (third year) 

prepared by : Assistant Lecturer  Mr. Omar M. yousif  Page 2 
 

 

Lecture No(2) 

FUEL AND COMBUSTION                   

 

1. Class: third Year  

2. Subject: FUEL AND COMBUSTION 

3. Number of weeks: Two week  

 

4. Central idea: Study FUEL AND COMBUSTION 

5. The Test: 
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FUEL AND COMBUSTION 

Any material that can be burned to release thermal energy called a fuel most 

familiar fuels consist primarily of hydrogen and carbon. They called 

hydrocarbon fuel and denoted by general formula 𝐶𝑛𝐻𝑚 .hydrocarbon fuels 

exist in all phases, some examples  

                                               Solid (coal) 

Hydrocarbon fuel                   Liquid (petrol ) 

                                                Gas (methane ) 

Combustion 

Combustion may by defined as a rapid chemical reaction between fuel and 

air (oxygen) it’s usually accompanied by aflame and heat is released during 

this reaction.  

Combustion may by classified as follows : 

1-stoichiometric combustion  

2-incomplete combustion  

3-complete combustion  

1-stoichiometric combustion :this type of combustion occurs  when the 

amount of oxygen (air) available is just enough to convert all carbon to 

carbon dioxide  CO2 and all hydrogen to water H2O with no oxygen left over 

(CO2 , H2O, N2) 

𝐶𝑛𝐻𝑚 + 𝐴(0.21𝑂2 + 0.79𝑁2) ⟶ 𝐶𝑂2 + 𝐻2𝑂 + 𝑁2 

𝑓𝑢𝑒𝑙              𝐴𝑖𝑟   

      Reactance                                     products  
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𝐴 = 𝑛 +
𝑚

4
 

𝐶𝐻4 + 𝐴 (𝑂2 +
79

21
𝑁2) ⟶ 𝐶𝑂2 + 2𝐻2𝑂 + 2 ∗

79

21
𝑁2 

𝐴 = 1 +
4

4
= 2 

𝐶𝐻4 + 2 (𝑂2 +
79

21
𝑁2) ⟶ 𝐶𝑂2 + 2𝐻2𝑂 + 2 ∗

79

21
𝑁2 

2-incomplete combustion : this type of combustion occurs when the amount 

of oxygen (Air) is not enough to convert all carbon to CO2 , hence a carbon 

monoxide CO will be present in the products (CO2 ,CO, H2O, N2) 

  

𝐶𝐻4 + 1.5 (𝑂2 +
79

21
𝑁2) ⟶ 𝑎𝐶𝑂2 + 𝑏𝐶𝑂 + 2𝐻2𝑂 + 1.5 ∗

79

21
𝑁2 

3-complete combustion : this type of combustion occurs when the amount of  

O2  (air) is more than enough to convert all carbon and hydrogen  to CO2 and 

H2O .hence a certain amount of O2 will be in the products (CO2 ,O2, H2O, N2) 

𝐶𝐻4 + 2.5 (𝑂2 +
79

21
𝑁2) ⟶ 𝐶𝑂2 + 𝑎𝑂2 + 2𝐻2𝑂 + 2.5 ∗

79

21
𝑁2 

Definition  

Air fuel ratio (A/F) :it is the ratio  between mass of air to mass of fuel  

𝐴

𝐹
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
                                               𝑚 = 𝑛. ℳ 

Ex1: 𝐶𝐻4 + 2 (𝑂2 +
79

21
𝑁2) ⟶ 𝐶𝑂2 + 2𝐻2𝑂 + 2 ∗

79

21
𝑁2 

𝐴

𝐹
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

2∗32+2∗3.76∗28

[(1∗12)+(4∗1)]
= 17.16  
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• %𝑒𝑥𝑐𝑒𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 =
(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙−(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ
∗ 100 

• % 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑜𝑓 𝑎𝑖𝑟 =
(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙

(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ
∗ 100  

• Equivalence ratio (mixture strength ) (M.S) :it is the ratio between  

stoichiometric (A/F) to actual (A/F)  

𝜙 = 𝑀. 𝑆 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
   

𝐼𝑓 𝜙 > 1 ⇒ 𝐼𝑛𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛(𝑟𝑖𝑐ℎ 𝑓𝑢𝑒𝑙 𝑚𝑖𝑥𝑡𝑢𝑟𝑒𝑠) (𝐶𝑂2

+ 𝐶𝑂 + 𝐻2𝑂 + 𝑁2) 

  𝐼𝑓 𝜙 < 1                            

⇒  𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛(𝑙𝑒𝑎𝑛 𝑜𝑟 𝑝𝑜𝑜𝑟 𝑜𝑟 𝑤𝑒𝑎𝑘  𝑓𝑢𝑒𝑙 𝑚𝑖𝑥𝑡𝑢𝑟𝑒𝑠) 

(𝐶𝑂2 + 𝑂2 + 𝐻2𝑂 + 𝑁2) 

𝐼𝑓 𝜙 = 1 ⇒ 𝑠𝑡𝑜𝑖𝑐ℎ𝑖𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 (𝐶𝑂2 + 𝐻2𝑂 + 𝑁2) 

 

Ex2: A hydrocarbon fuel C4H10 is burned with the following cases : 

1- 125% theoretical of air. 

2- 80% theoretical of air. 

3- With 𝜙 =0.85.  

Write the equation of combustion and Find the (A/F) for each case  

 

Sol:                                                             أول خطوة هي كتابة معادلة الاحتراق المثالية 

1- 𝐶4𝐻10 + 6.5 (𝑂2 +
79

21
𝑁2) ⟶ 4𝐶𝑂2 + 5𝐻2𝑂 + 6.5 ∗

79

21
𝑁2 

 

𝐴 = 𝑛 +
𝑚

4
 =4+10/4=6.5 
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 ثانيا كتابة معادلة الاحتراق الحقيقة                                                                      

𝐶4𝐻10 + 1.25 ∗ 6.5 (𝑂2 +
79

21
𝑁2)

⟶ 4𝐶𝑂2 + 5𝐻2𝑂 + 𝑎𝑂2 + 1.25 ∗ 6.5 ∗
79

21
𝑁2 

Oxygen balance  

1.25*6.5*2=4*2+5+2a 

a= 1.625 

𝐴

𝐹
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

1.25 ∗ 6.5 ∗ 32 + 1.25 ∗ 6.5 ∗
79
21

∗ 28

[(4 ∗ 12) + (10 ∗ 1)]
= 19.23 

2- 𝐶4𝐻10 + 0.8 ∗ 6.5 (𝑂2 +
79

21
𝑁2) ⟶ 𝑎𝐶𝑂2 + 𝑏𝐶𝑂 + 𝑑𝐻2𝑂 + 0.8 ∗ 6.5 ∗

79

21
𝑁2 

Carbon balance  

4=a+b     a=4-b ….(1) 

Hydrogen balance 10=2d     d=5 

Oxygen balance 0.8*6.5*2=2a+b+d 

10.4=2(4-b)+b+5        b=2.6   a=1.4 

𝐴

𝐹
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

0.8 ∗ 6.5 ∗ 32 + 0.8 ∗ 6.5 ∗
79
21

∗ 28

[(4 ∗ 12) + (10 ∗ 1)]
= 12.12 

3-𝐶4𝐻10 +
6.5

0.85
(𝑂2 +

79

21
𝑁2) ⟶ 4𝐶𝑂2 + 𝑎𝑂2 + 5𝐻2𝑂 +

6.5

0.85
∗

79

21
𝑁2 

Oxygen balance  

(6.5/0.85)* 2 =4*2+2a+5   a=1.147 
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𝐴

𝐹
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

(
6.5

0.85
) ∗ 32 + (

6.5
0.85

) ∗
79
21

∗ 28

[(4 ∗ 12) + (10 ∗ 1)]
= 18.10 

 

Ex3: A hydrocarbon fuel C3H8 is burned with the following cases: 

1-10% less of air. 

2-20% excess of air. 

Write the equation of combustion and Find  

a-the (A/F) for each case. 

b-the equivalence ratio. 

Sol: stoich equation   

1- 𝐶3𝐻8 + 5 (𝑂2 +
79

21
𝑁2) ⟶ 3𝐶𝑂2 + 4𝐻2𝑂 + 5 ∗

79

21
𝑁2 

(
𝐴

𝐹
)

𝑠𝑡𝑜𝑖𝑐
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

5 ∗ 32 + 5 ∗
79
21

∗ 28

[(3 ∗ 12) + (8 ∗ 1)]
= 15.6 

Actual combustion equation 

 𝐶3𝐻8 + 0.9 ∗ 5 (𝑂2 +
79

21
𝑁2) ⟶ 𝑎𝐶𝑂2 + 𝑏𝐶𝑂 + 𝑑𝐻2𝑂 + 0.9 ∗ 5 ∗

79

21
𝑁2 

Carbon balance  

3=a+b     a=3-b ….(1) 

Hydrogen balance 8=2d     d=4 

Oxygen balance 0.9*5*2=2a+b+d 

9=2(3-b)+b+4       b=1   a=2 
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(
𝐴

𝐹
)

𝑎𝑐𝑡𝑢𝑎𝑙
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

0.9 ∗ 5 ∗ 32 + 0.9 ∗ 5 ∗
79
21

∗ 28

[(3 ∗ 12) + (8 ∗ 1)]
= 14.045 

𝜙 = 𝑀. 𝑆 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

15.6

14.045
= 1.11 > 1 𝑖𝑛𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 

2- 20% excess of air.  

Actual combustion equation 

 𝐶3𝐻8 + 1.2 ∗ 5 (𝑂2 +
79

21
𝑁2) ⟶ 3𝐶𝑂2 + 𝑎𝑂2 + 4𝐻2𝑂 + 1.2 ∗ 5 ∗

79

21
𝑁2 

Oxygen balance  1.2*5*2=3*2+2a+4 

a=1  

(
𝐴

𝐹
)

𝑎𝑐𝑡𝑢𝑎𝑙
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

1.2 ∗ 5 ∗ 32 + 1.2 ∗ 5 ∗
79
21

∗ 28

[(3 ∗ 12) + (8 ∗ 1)]
= 18.727 

 

𝜙 = 𝑀. 𝑆 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

15.6

18.727
= 0.833 < 1 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 

 

Ex4:Ethanol 𝐶𝐻3𝐶𝐻2𝑂𝐻   𝑜𝑟  𝐶2𝐻5𝑂𝐻    𝐶𝑛𝐻𝑚𝑂𝑤𝐻    

Stoichiometric equation  

𝐶𝐻3𝐶𝐻2𝑂𝐻 + 𝐴(𝑂2 + 3.76𝑁2) ⟶ 𝑎𝐶𝑂2 + 𝑏𝐻2𝑂 + 𝑓3.76𝑁2 

𝐴 = 𝑛 +
𝑚

4
−

𝑤

2
= 2 +

6

4
−

1

2
= 3 

𝐶𝐻3𝐶𝐻2𝑂𝐻 + 3(𝑂2 + 3.76𝑁2) ⟶ 2𝐶𝑂2 + 3𝐻2𝑂 + 3 ∗ 3.76𝑁2 
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𝐴

𝐹
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

3 ∗ (32 + 3.76 ∗ 28)

[(2 ∗ 12) + (6 ∗ 1) + (16 ∗ 1)]
= 8.953 

𝜙 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

𝑓𝑜𝑟 𝜙 = 0.6 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

8.953

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

(𝑨/𝑭)𝒂𝒄𝒕𝒖𝒂𝒍 = 𝟏𝟒. 𝟗𝟐𝟏 

𝑓𝑜𝑟 𝜙 = 0.8 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

8.953

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

(𝑨/𝑭)𝒂𝒄𝒕𝒖𝒂𝒍 = 𝟏𝟏. 𝟏𝟗𝟏𝟐𝟓 

𝑓𝑜𝑟 𝜙 = 1 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

8.953

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

(𝑨/𝑭)𝒂𝒄𝒕𝒖𝒂𝒍 = 𝟖. 𝟗𝟓𝟑 

𝑓𝑜𝑟 𝜙 = 1.2 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

8.953

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

(𝑨/𝑭)𝒂𝒄𝒕𝒖𝒂𝒍 = 𝟕. 𝟒𝟔𝟎𝟖 

𝑓𝑜𝑟 𝜙 = 1.4 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

8.953

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

(𝑨/𝑭)𝒂𝒄𝒕𝒖𝒂𝒍 = 𝟔. 𝟑𝟗𝟓 
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Ex5:A spark ignition engine uses a hydrocarbon fuel gasoline C8H 15  .the 

engine running of mixture strength of 1.2 . determine  

1) The air -fuel ratio  

2) The wet and dry volumetric exhaust analysis . 

3) The wet and dry gravimetric  exhaust analysis . 

 

Sol: 

 

Sol:                                                             أول خطوة هي كتابة معادلة الاحتراق المثالية 

1- 𝐶8𝐻15 + 𝐴(𝑂2 + 3.76𝑁2) ⟶ 8𝐶𝑂2 + 7.5𝐻2𝑂 + 𝐴 ∗
79

21
𝑁2 

 

𝐴 = 𝑛 +
𝑚

4
 =8+15/4= 

𝐶8𝐻15 + 11.75(𝑂2 + 3.76𝑁2) ⟶ 8𝐶𝑂2 + 7.5𝐻2𝑂 + 11.75 ∗
79

21
𝑁2 

𝐴

𝐹
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

11.75 ∗ 32 + 11.75 ∗ 3.76 ∗ 28

[(8 ∗ 12) + (15 ∗ 1)]
= 14.53 

𝑀. 𝑆 = 𝜙 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
= 1.2 =

14.53

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
→ (𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙 = 12.109 

 ثانيا كتابة معادلة الاحتراق الحقيقة                                                                      

𝐶8𝐻15 +
11.75

1.2
(𝑂2 +

79

21
𝑁2)

⟶ 𝑎𝐶𝑂2 + 𝑏𝐶𝑂 + 𝑑𝐻2𝑂 +
11.75

1.2
∗ 3.76 ∗ 𝑁2 
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Carbon balance  

3=a+b     a=8-b ….(1) 

Hydrogen balance 15=2d     d=7.5 

Oxygen balance 9.79*2=2a+b+d 

19.58=2(8-b)+b+5        b=3.92      a=4.08 

 

𝐴

𝐹
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

11.75
1.2

∗ 32 +
11.75

1.2
∗ 3.76 ∗ 28

[(8 ∗ 12) + (15 ∗ 1)]
= 12.109 

 

Prod

uct  

Mi(kg/k

mole) 

ni Xi=ni/∑ni

(wet) 

Xi=ni/∑n

i(dry) 

mi=ni* 

Mi 

Yi=mi/∑m

i(wet) 

Yi=mi/∑m

i(dry) 

CO2 44 4.08 0.078 0.091 179.52 0.1234 0.136 

CO 28 3.92 0.074 0.087 109.76 0.075 0.0825 

H2O 18 7.5 0.143 With out H2o 135 0.0928  

N2 28 36.81 0.703 0.821 1030 0.708 0.7803 

  ∑ni=

52.3 

∑Xi=1 ∑Xi=1 ∑mi=14

54.2 

∑Yi=1 ∑Yi=1 
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Engine exhaust analysis  

The control system of modern (smart automobile engine ) includes 

(sensors ) that continuously monitor for the exhaust leaving the engine  

These sensors determine the chemical composition of the hot exhaust 

by various (chemical , electronic and thermal methods )     

Ex6: 4-cylinder engine ( C3H8 fuel ) a dry analysis of the engine 

exhaust of the following volumetric percentage  CO2 4.9% ,                 

CO  9.79% , O2   2.45% Calculate  𝜙  

 

Sol:  

For dry engine product =4.9+9.79+2.45 = 17.14 % and that remaining 

gas (N2) =82.86% if unknow of fuel burned with an unknown amount 

of air , the resulting reaction is  

stoich equation   

𝐶3𝐻8 + 5 (𝑂2 +
79

21
𝑁2) ⟶ 3𝐶𝑂2 + 4𝐻2𝑂 + 5 ∗

79

21
𝑁2 

(
𝐴

𝐹
)

𝑠𝑡𝑜𝑖𝑐
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

5 ∗ 32 + 5 ∗
79
21

∗ 28

[(3 ∗ 12) + (8 ∗ 1)]
= 15.6 

Actual combustion equation 

𝑥𝐶3𝐻8 + 𝑦(𝑂2 + 3.76𝑁2)

⟶ 4.9𝐶𝑂2 + 9.79𝐶𝑂 + 𝑍𝐻2𝑂 + 2.45𝑂2 + 82.86𝑁2 

 

z -no of  H2O  vapor removed before dry analysis  

N2 : y * 3.76 = 82.86 » y =22.037 

C :  3*x =4.9 +9.79  » x =4.9  

H : 8*x=8( 4.9)=2*Z » Z =19.588 

 

4.9𝐶3𝐻8 + 22.037(𝑂2 + 3.76𝑁2)

⟶ 4.9𝐶𝑂2 + 9.79𝐶𝑂 + 19.588𝐻2𝑂 + 2.45𝑂2

+ 82.86𝑁2 
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÷ 4.9  

𝐶3𝐻8 + 4.5(𝑂2 + 3.76𝑁2)

⟶ 𝐶𝑂2 + 2 𝐶𝑂 + 4𝐻2𝑂 + 0.5𝑂2 + 16.92 𝑁2 

 

(
𝐴

𝐹
)

𝑎𝑐𝑡
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

4.5 ∗ 32 + 4.5 ∗ 3.76 ∗ 28

[(3 ∗ 12) + (8 ∗ 1)]
= 14.12 

𝜙 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=  

15.89

14.12
= 1.11 

H.W: 

4-cylinder engine ( C8H18 fuel ) a dry analysis of the engine exhaust of the 

following volumetric percentage  CO2 9.85% , CO 0.9% , O2   5.7% 

Calculate  𝜙  
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Lecture No (4) 

Application of 1st law of thermodynamic on combustion process 

1. Class: third Year  

2. Subject Application of 1st law of thermodynamic on combustion process 

3. Number of weeks: Two week  

4. Central idea: Study Application of 1st law of thermodynamic on 

combustion process 

5. The Test: 
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Application of 1st law of thermodynamic on combustion process 

Combustion 

 

 

 

 

 

 

 𝑄 = ∆𝐻 

𝑄 = ∑ 𝑛𝑖ℎ𝑖 − ∑ 𝑛𝑖ℎ𝑖

𝑅𝑃

 

ℎ𝑖 = (ℎ𝑓𝑜 + ∆ℎ)  

ℎ𝑖: enthalpy of each  an item  

ℎ𝑓𝑜: enthalpy of formation @(298 k) 

∆ℎ = ℎ(𝑇) − ℎ𝑓𝑜(298)  

or 

𝑄 = ∆𝑈 

ℎ = 𝑢 + 𝑃𝑣     → 𝑢 = ℎ − 𝑝𝑣   

𝑃𝑣 = 𝑛 𝑅𝑢 𝑇  

       Closed system (non-flow process ) 

Q-W=ΔU 

       Open system (steady -flow process ) 

Q-W=ΔU 

Constant volume Q=ΔU Constant pressure Q=ΔH 

Adiabatic   -W=ΔU 

Adiabatic   ΔH=0 Constant volume Q=ΔH 

Normal combustion                

Q-W=ΔH 
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𝑢 = ℎ − 𝑛 𝑅𝑢 𝑇    

𝑈𝑟𝑒𝑎𝑐 = ∑ 𝑛𝑖ℎ𝑟𝑒𝑎𝑐𝑅 − ∑ 𝑛 𝑖𝑅𝑢 𝑇𝑖  𝑅    

  𝑈𝑝𝑟𝑜𝑑 = ∑ 𝑛𝑖ℎ𝑟𝑒𝑎𝑐𝑃 − ∑ 𝑛 𝑖𝑅𝑢 𝑇𝑖  𝑃  

𝑄 = ∆𝑈 = 𝑈𝑝𝑟𝑜𝑑 − 𝑈𝑟𝑒𝑎𝑐

= (∑ 𝑛𝑖ℎ𝑟𝑒𝑎𝑐

𝑃

− ∑ 𝑛 𝑖𝑅𝑢 𝑇𝑖  

𝑃

) − (∑ 𝑛𝑖ℎ𝑟𝑒𝑎𝑐

𝑅

− ∑ 𝑛 𝑖𝑅𝑢 𝑇𝑖  

𝑅

) 

   

Ex: An  I.E 𝐶3𝐻8 (0.00005 kg) in each cylinder during cycle 𝜂
𝑐𝑜𝑚𝑏

= 0.95 

Combustion start T=700K & p=2000 Kpa  the  end of  compression is  Texh              

1200 K calculate  and   𝑓𝑜𝑟 𝜙 = 0.8 calculate Combustion heat  

Sol: 

Stoichiometric equation  

𝐶3𝐻8 + 𝐴(𝑂2 + 3.76𝑁2) ⟶ 𝑎𝐶𝑂2 + 𝑏𝐻2𝑂 + 𝐴 ∗ 3.76𝑁2 

𝐴 = 𝑛 +
𝑚

4
= 3 +

8

4
= 5 

𝐶3𝐻8 + 5(𝑂2 + 3.76𝑁2) ⟶ 3𝐶𝑂2 + 4𝐻2𝑂 + 5 ∗ 3.76𝑁2 

𝑓𝑜𝑟 𝜙 = 0.8 

𝐶3𝐻8 +
5

0.8
(𝑂2 + 3.76𝑁2) ⟶ 𝑎𝐶𝑂2 + 𝑏𝐻2𝑂 + 𝑤𝑂2 + 5 ∗ 3.76𝑁2 

𝐶3𝐻8 +
5

0.8
(𝑂2 + 3.76𝑁2) ⟶ 3𝐶𝑂2 + 4𝐻2𝑂 + 1.25𝑂2 + 6.25 ∗ 3.76𝑁2 

 𝑄 = ∆𝐻 
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𝑄 = ∑ 𝑛𝑖ℎ𝑖 − ∑ 𝑛𝑖ℎ𝑖

𝑅𝑃

 

ℎ𝑖 = (ℎ𝑓𝑜 + ∆ℎ)  

At T=700K before combustion using data from Appendix A and table B1 & 

B2  

نحسب الانثالبي للوقود من خلال المعادله والجدول الاتي عند       

الجدول وبقيه قيم الانثالبي للمتقاعلات من      

 

 

 

700k 

A 
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𝐻𝑟𝑎𝑐 = 1(−103847 + 44792) +  6.25 (0 + 12503) +  6.25

∗ 3.76(0 + 11942) = 299725Kj/KMole 

Enthalpy of product at Texh=1200k  

𝐻𝑝𝑟𝑜𝑑 = 3(−393,546 + 44488) +  4 (−241,845 + 34518) +  6.25

∗ 3.76(0 + 28118) + 1.25(0 + 29775)

= −1302758 Kj/KMole 

𝑀𝑤 𝑜𝑓 𝐶3𝐻8 = 36 + 8 = 44 𝑘𝑔/𝑘𝑚𝑜𝑙 

𝑄 = ∑ 𝑛𝑖ℎ𝑖 − ∑ 𝑛𝑖ℎ𝑖

𝑅𝑃

 

𝑄 =(
−1302758−299725

44
) ∗ 0.0005 = −1.821 Kj 

الاشاره موجبه فالتفاعل ماص للحراره الاشاره السالبه معناها ان الاتفاعل باعث للحراره و اذا   

Ex: determine HHV & LHV at 298k of gases n-decane  𝐶10𝐻22 per kmol of 

fuel & per kg of fuel (Mw=142.284  kg/kmol) if  hfg of n-decane (359 kj/kg) 

At 298 k , what are the HHV & LHV of  liquid n- decane 

Sol:  

𝐶10𝐻22 + 𝐴(𝑂2 + 3.76𝑁2) ⟶ 10𝐶𝑂2 + 11𝐻2𝑂 + 𝐴 ∗ 3.76𝑁2 

𝐴 = 𝑛 +
𝑚

4
= 10 +

22

4
= 15.5 

𝐶10𝐻22 + 15.5(𝑂2 + 3.76𝑁2) ⟶ 10𝐶𝑂2 + 11𝐻2𝑂 + 15.5 ∗ 3.76𝑁2 

𝑄 = ∆𝐻 = 𝐻𝑝𝑟𝑜𝑑 − 𝐻𝑟𝑒𝑎𝑐 = ∑ 𝑛𝑖ℎ𝑖 − ∑ 𝑛𝑖ℎ𝑖

𝑅𝑃

 

ℎ𝑖 = (ℎ𝑓𝑜 + ∆ℎ)  

HHV     عندما يكون الماء في النواتج بهيئه سائل 
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ℎ𝑓𝑔 = ℎ𝑔 − ℎ𝑙 

ℎ𝑙(ℎ2𝑜)=ℎ𝑔(ℎ2𝑜) − ℎ𝑓𝑔 = −𝟐𝟒𝟏, 𝟖𝟒𝟓 − 𝟒𝟒𝟎, 𝟏𝟎 = −𝟐𝟖𝟓, 𝟖𝟓𝟕
𝑘𝐽

𝑘𝑚𝑜𝑙
  

 

𝐻𝑟𝑒𝑎𝑐 = ∑ 𝑛𝑖ℎ𝑖𝑅 = ∑ 𝑛𝑖𝑅 (ℎ𝑓𝑜 + ∆ℎ) = −249,659 + 15.5(0 + 0) + 15.5 ∗

3.76(0 + 0)=  −249,659
𝑘𝐽

𝑘𝑚𝑜𝑙
 

𝐻𝑝𝑟𝑜𝑑 = ∑ 𝑛𝑖ℎ𝑖𝑝 = ∑ 𝑛𝑖𝑝 (ℎ𝑓𝑜 + ∆ℎ) = 10(−393,546) +

11(−𝟐𝟖𝟓, 𝟖𝟓𝟕) + 15.5 ∗ 3.76(0 + 0)=  −7,079,887
𝑘𝐽

𝑘𝑚𝑜𝑙
  

𝑄 = ∆𝐻 = 𝐻𝑝𝑟𝑜𝑑 − 𝐻𝑟𝑒𝑎𝑐 = −7,079,887 − (−249659)

= 6,830,096
𝑘𝐽

𝑘𝑚𝑜𝑙
 

لكغم من الوقود نقسم على الوزن الجزئي               قيمه    لايجاد 

∆𝐻 =
∆𝐻

𝑀𝑤
=

6,830,096

142.284
= 48,000

𝑘𝐽

𝑘𝑔
 

  

For the LHV ℎ𝑔(ℎ2𝑜)= = −𝟐𝟒𝟏, 𝟖𝟒𝟓 

𝐻𝑝𝑟𝑜𝑑 = ∑ 𝑛𝑖ℎ𝑖𝑝 = ∑ 𝑛𝑖𝑝 (ℎ𝑓𝑜 + ∆ℎ) = 10(−393,546) +

11(−𝟐𝟒𝟏, 𝟖𝟒𝟓) + 15.5 ∗ 3.76(0 + 0)=  −6,595,755
𝑘𝐽

𝑘𝑚𝑜𝑙
 

𝑄 = ∆𝐻 = 𝐻𝑝𝑟𝑜𝑑 − 𝐻𝑟𝑒𝑎𝑐 = −6,595,755 − (−249659)

= 6,345,986
𝑘𝐽

𝑘𝑚𝑜𝑙
 

 لايجاد قيمه              لكغم من الوقود نقسم على الوزن الجزئي   

∆𝐻 =
∆𝐻

𝑀𝑤
=

6,345,986

142.284
= 44,601

𝑘𝐽

𝑘𝑔
 

∆H 

∆H 
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B)  

If hfg (fuel)= 359 kJ/kg of (𝐶10𝐻22) 

𝐻𝑟𝑒𝑎𝑐 = 1=ℎ𝑔(𝐶10𝐻22) − ℎ𝑓𝑔 = 

 𝐻. 𝐻. 𝑉 = ∆ℎ𝒄(𝒍𝒊𝒒𝒖𝒊𝒅) = 𝟒𝟖𝟎𝟎𝟒 − 𝟑𝟓𝟗 = 𝟒𝟕𝟔𝟒𝟓
𝑘𝐽

𝑘𝑔 of (𝐶10𝐻22)  
  

𝐿. 𝐻. 𝑉 = ∆ℎ𝒄(𝒈𝒂𝒔) = 𝟒𝟒𝟔𝟎𝟐 − 𝟑𝟓𝟗 = 𝟒𝟒𝟐𝟒𝟑
𝑘𝐽

𝑘𝑔 of (𝐶10𝐻22)  
  

 

( of mixture per kJ/kgملاحظه  مهمه : اذا طلب الناتج لوحده كتله للخليط )   

∆ℎ𝑪 (
𝒌𝑱

𝒌𝒈 𝒎𝒊𝒙
) =  ∆ℎ𝑪 (

𝒌𝑱

𝒌𝒈 𝒇𝒖𝒆𝒍
) .

𝒎̇𝒇𝒖𝒆𝒍

𝒎̇𝒎𝒊𝒙
  

𝒎̇𝒇𝒖𝒆𝒍

𝒎̇𝒎𝒊𝒙
=

𝒎̇𝒇𝒖𝒆𝒍

𝒎̇𝒇𝒖𝒆𝒍+𝒎̇𝒂𝒊𝒓
=

𝟏

𝟏+(𝑨/𝑭)
  

∆ℎ𝑪 (
𝒌𝑱

𝒌𝒈 𝒎𝒊𝒙
) = ∆ℎ𝑪 (

𝒌𝑱

𝒌𝒈 𝒇𝒖𝒆𝒍
) .

𝟏

𝟏+(𝑨/𝑭)
  

 

Ex2: A mixture of 𝐶4𝐻10  and air of strength 1.25 is initially at 298K and 1 

bar in a piston cylinder arrangement where is loaded by a weigh .If the 

combustion occurs and the temperature is 600k , calculate Combustion heat 

Sol:  

 اول خطوة كتابة معادلة الاحتراق المثالية 

𝐶4𝐻10 + 6.5 (𝑂2 +
79

21
𝑁2) ⟶ 4𝐶𝑂2 + 5𝐻2𝑂 + 6.5 ∗

79

21
𝑁2 

 ثانيا كتابة معادلة الاحتراق الحقيقة 
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𝐶4𝐻10 +
6.5

1.25
(𝑂2 +

79

21
𝑁2) ⟶ 𝑎𝐶𝑂2 + 𝑏𝐶𝑂 + 5𝐻2𝑂 +

6.5

1.25
∗

79

21
𝑁2 

 

Carbon balance  

4=a+b     a=4-b ….(1) 

Oxygen balance 6.5/1.25*2=2a+b+5 

10.4=2(4-b)+b+5        b=2.6   a=1.4 

Constant pressure + closed system Q=ΔH 

𝑄 = ∆𝐻 

𝑄 = ∑ 𝑛𝑖ℎ𝑖 − ∑ 𝑛𝑖ℎ𝑖

𝑅𝑃

 

ℎ𝑖 = (ℎ𝑓𝑜 + ∆ℎ)  

hfih=   (  فان  K298(  او )Cº25ملاحظه : في حاله درجه حراره المتفاعلات )   

 للوقود  والانثالبي للعناصر الحره يكون صفر 

ℎ𝑖 = (ℎ𝑓𝑜 + ∆ℎ) 

ℎ𝑓𝑜 B1من جدول الوقود      

∆ℎ = ℎ(𝑇) − ℎ(298) 

T =298 K 

∆ℎ = ℎ(298) − ℎ(298) = 0 

ℎ𝑖 = (ℎ𝑓𝑜 + ∆ℎ) = (ℎ𝑓𝑜 + 0) = ℎ𝑓𝑜 = −124733 𝑘𝐽/𝑘 𝑚𝑜𝑙 
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𝐻𝑟𝑎𝑐 = 1(−124733 ) +
6.5

1.25
 (0 + 0) + 

6.5

1.25
∗ 3.76(0 + 0)

= −124733Kj/Mole 

Enthalpy of product at Texh=600k  

𝐻𝑝𝑟𝑜𝑑 = 1.4(−393549 + 12899) +  2.6 (−110541 + 8955)

+ 5(−241845 + 10528) +
6.5

1.25
∗ 3.76(0 + 8905)

= −1779508 Kj/Mole 

𝑀𝑤 𝑜𝑓 𝐶4𝐻10 = 36 + 8 = 58 𝑘𝑔/𝑘𝑚𝑜𝑙 

𝑄 = ∑ 𝑛𝑖ℎ𝑖 − ∑ 𝑛𝑖ℎ𝑖

𝑅𝑃

 

𝑄 =(
−1779508−(−124733)

58
) = −28530 kJ/kg  of (𝐶4𝐻10)  

 

H.W : An  I.E 𝐶8𝐻16  (0.000055 kg) in each cylinder during cycle  𝜂
𝑐𝑜𝑚𝑏

=

0.95 

Combustion start T=700K & p=2000 Kpa  the  end of  compression is  Texh 

1300 K calculate Combustion heat 
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Lecture No (4) 

Adiabatic flame temperature  

1. Class: third Year  

2. Subject: Adiabatic flame temperature  

3. Number of weeks: Two week  

4. Central idea: Study Adiabatic flame temperature  

5. The Test: 
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Adiabatic flame temperatures (Tad): is ideal theoretical maximum                                                                  

temperature can be obtained for a given fuel and air mixture.  
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Ex1:Find Tad of  𝐶8𝐻18 burned with   𝜙 = 0.833 can assumed that the 

reactants at 700 k after compression stroke   

Sol: 

Stoichiometric equation  

𝐶8𝐻18 + 𝐴(𝑂2 + 3.76𝑁2) ⟶ 𝑎𝐶𝑂2 + 𝑏𝐻2𝑂 + 𝐴 ∗ 3.76𝑁2 

𝐴 = 𝑛 +
𝑚

4
= 8 +

18

4
= 5 

𝐶8𝐻18 + 12.5(𝑂2 + 3.76𝑁2) ⟶ 8𝐶𝑂2 + 9𝐻2𝑂 + 12.5 ∗ 3.76𝑁2 

𝑓𝑜𝑟 𝜙 = 0.833 

𝐶8𝐻18 +
12.5

0.833
(𝑂2 + 3.76𝑁2) ⟶ 8𝐶𝑂2 + 9𝐻2𝑂 + 2.5𝑂2 + 15 ∗ 3.76𝑁2 

To calculate Tad @ Treac=700K 

0 = ∑ 𝑛𝑖ℎ𝑖 − ∑ 𝑛𝑖ℎ𝑖

𝑅𝑃

 

∑ 𝑛𝑖(ℎ𝑓0 + Δh)𝑖 = ∑ 𝑛𝑖(ℎ𝑓0 + Δh)𝑖

𝑅𝑒𝑐𝑎𝑃𝑟𝑜𝑑
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8(−393546 + Δh𝐶𝑂2
) +  9(−241845 + Δh𝐻2𝑂) +  2.5(0 + Δh𝑂2

) + 15

∗ 3.76(0 + Δh𝑁2
 )

= 1(−259280 + 73473) +  15(0 + 12499) +  15

∗ 3.76(0 + 11937) 

8Δh𝐶𝑂2
+ 9Δh𝐻2𝑂 + 2.5Δh𝑂2

+ 56.4Δh𝑁2
= 5,999,535 

By trial and error find Tad , try T=2400 K 

8(115,779)𝐶𝑂2
+ 9(93,741)𝐻2𝑂 + 2.5(74,453)𝑂2

+ 56.4(70,640)𝑁2

= 5,940,130 

  This is too low , so try T=2600 K  

8(128,074)𝐶𝑂2
+ 9(104,520)𝐻2𝑂 + 2.5(82,453)𝑂2

+ 56.4(77,963)𝑁2

= 6,567,948 

This is too high , so Tad is found by interpolation  

Tad 2419 K 

 

Ex2: Ethanol 𝐶𝐻3𝐶𝐻2𝑂𝐻   𝑜𝑟  𝐶2𝐻5𝑂𝐻    𝐶𝑛𝐻𝑚𝑂𝑤𝐻    

Stoichiometric equation  

𝐶𝐻3𝐶𝐻2𝑂𝐻 + 𝐴(𝑂2 + 3.76𝑁2) ⟶ 𝑎𝐶𝑂2 + 𝑏𝐻2𝑂 + 𝑓3.76𝑁2 

𝐴 = 𝑛 +
𝑚

4
−

𝑤

2
= 2 +

6

4
−

1

2
= 3 

𝐶𝐻3𝐶𝐻2𝑂𝐻 + 3(𝑂2 + 3.76𝑁2) ⟶ 2𝐶𝑂2 + 3𝐻2𝑂 + 3 ∗ 3.76𝑁2 

𝐴

𝐹
=

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑖𝑟 

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 
=

3 ∗ (32 + 3.76 ∗ 28)

[(2 ∗ 12) + (6 ∗ 1) + (16 ∗ 1)]
= 8.953 

𝜙 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
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𝑓𝑜𝑟 𝜙 = 0.6 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

8.953

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

(
𝑨

𝑭
)

𝒂𝒄𝒕𝒖𝒂𝒍
= 𝟏𝟒. 𝟗𝟐𝟏 

𝑓𝑜𝑟 𝜙 = 0.6 ⟹ 𝑇𝑎𝑑 = 1883.30 𝐾 

𝑓𝑜𝑟 𝜙 = 0.8 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

8.953

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

(
𝑨

𝑭
)

𝒂𝒄𝒕𝒖𝒂𝒍
= 𝟏𝟏. 𝟏𝟗𝟏𝟐𝟓 

𝑓𝑜𝑟 𝜙 = 0.8 ⟹ 𝑇𝑎𝑑 = 2220.64 𝐾 

𝑓𝑜𝑟 𝜙 = 1 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

8.953

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

(𝑨/𝑭)𝒂𝒄𝒕𝒖𝒂𝒍 = 𝟖. 𝟗𝟓𝟑 

𝑓𝑜𝑟 𝜙 = 1 ⟹ 𝑇𝑎𝑑 = 2402.64 𝐾 

𝑓𝑜𝑟 𝜙 = 1.2 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

8.953

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

(𝑨/𝑭)𝒂𝒄𝒕𝒖𝒂𝒍 = 𝟕. 𝟒𝟔𝟎𝟖 

𝑓𝑜𝑟 𝜙 = 1.2 ⟹ 𝑇𝑎𝑑 = 2421.41 𝐾 

 

𝑓𝑜𝑟 𝜙 = 1.4 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

8.953

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

(𝑨/𝑭)𝒂𝒄𝒕𝒖𝒂𝒍 = 𝟔. 𝟑𝟗𝟓 

𝑓𝑜𝑟 𝜙 = 1.4 ⟹ 𝑇𝑎𝑑 =  2350.74 𝐾 
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𝑓𝑜𝑟 𝜙 = 1.6 =
(𝐴/𝐹)𝑠𝑡𝑜𝑖𝑐ℎ

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
=

8.953

(𝐴/𝐹)𝑎𝑐𝑡𝑢𝑎𝑙
 

(𝑨/𝑭)𝒂𝒄𝒕𝒖𝒂𝒍 = 𝟓. 𝟓𝟗𝟓 

𝑓𝑜𝑟 𝜙 = 1.4 ⟹ 𝑇𝑎𝑑 =  2262.85 𝐾 

 

 

 



0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

T
a

d

1800

1900

2000

2100

2200

2300

2400

2500

effect of  on Tad  at constant pressure   

 

 



 Northern Technical University  

Technical college of Engineering / Mosul 

Combustion & Pollution Engineering  (third year) 

prepared by : Assistant Lecturer  Mr. Omar M. yousif  Page 8 
 

Ex3: Determine adiabatic flame temperature for constant pressure 

combustion for n-butane burned with 80% theoretical of air  can assumed 

that the reactants at 298 k  

Sol: 

𝐶4𝐻10 + 6.5 (𝑂2 +
79

21
𝑁2) ⟶ 4𝐶𝑂2 + 5𝐻2𝑂 + 6.5 ∗

79

21
𝑁2   

𝐴 = 𝑛 +
𝑚

4
 =4+10/4=6.5 

 𝐶4𝐻10 + 0.8 ∗ 6.5 (𝑂2 +
79

21
𝑁2) ⟶ 𝑎𝐶𝑂2 + 𝑏𝐶𝑂 + 𝑑𝐻2𝑂 + 0.8 ∗ 6.5 ∗

79

21
𝑁2 

Carbon balance  

4=a+b     a=4-b ….(1) 

Hydrogen balance 10=2d     d=5 

Oxygen balance 0.8*6.5*2=2a+b+d 

10.4=2(4-b)+b+5        b=2.6   a=1.4 

To calculate Tad @ Treac=290K   

0 = ∑ 𝑛𝑖ℎ𝑖 − ∑ 𝑛𝑖ℎ𝑖

𝑅𝑃

 

∑ 𝑛𝑖(ℎ𝑓0 + Δh)𝑖 = ∑ 𝑛𝑖(ℎ𝑓0 + Δh)𝑖

𝑅𝑒𝑐𝑎𝑃𝑟𝑜𝑑

 

1.4(−393546 + Δh𝐶𝑂2
) + 2.6(−110541 + Δh𝑐𝑜) + 5(−241845

+ Δh𝐻2𝑂) + 5.2 ∗ 3.76(0 + Δh𝑁2
 )

= 1(−124733 + 0) +  5.2(0 + 0) +  5.2 ∗ 3.76(0 + 0) 

1.4Δh𝐶𝑂2
+ 5Δh𝐻2𝑂 + 2.6Δh𝑐𝑜 + 19.552Δh𝑁2

= 1,922,863 
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By trial and error find Tad , try T=2300 K 

1.4(109670)𝐶𝑂2
+ 5(88426)𝐻2𝑂 + 2.6(67682)𝑐𝑜 + 19.552(66997)𝑁2

= 2,081,566 

  This is too high, so try T=2100 K  

1.4(97477)𝐶𝑂2
+ 5(77952)𝐻2𝑂 + 2.6(60371)𝑐𝑜 + 19.552(59738)𝑁2

= 1,851,189 

This is too low , so Tad is found by interpolation  

Tad 2162 K 

 

Ex4: Estimate the constant – pressure adiabatic flame temperature for 

combustion of a stoichiometric CH4 air mixture .P=1atm and T initial 298 

K. use the following assumptions 

1-complete combustion (no dissociation) (CO2 , H2O ,N2). 

2- the Cp of product estimated at 1200 K (T1+Tad)/2 where Tad about 

2100K. 

Sol:  

𝐶𝐻4 + 2(𝑂2 + 3.76𝑁2) ⟶ 𝐶𝑂2 + 2𝐻2𝑂 + 2 ∗ 3.76𝑁2 

 

Q=𝐻𝑝𝑟𝑜𝑑 − 𝐻𝑟𝑒𝑎𝑐 = 0   ∴      𝐻𝑝𝑟𝑜𝑑 = 𝐻𝑟𝑒𝑎𝑐   
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𝐻𝑟𝑒𝑎𝑐 = ∑ 𝑛𝑖(ℎ𝑓0 + Δh)𝑖

𝑅𝑒𝑐𝑎

= 1(−74,831) + 2(0) + 7.52(0)

= −74,831 kJ/Kmole 

𝐻𝑝𝑟𝑜𝑑 = ∑ 𝑛𝑖(ℎ𝑓0 + Δh)𝑖𝑝𝑟𝑜𝑑 = 𝑛𝑖(ℎ𝑓0 + C𝑝(𝑇𝑎𝑑 − 298)𝑖 =

1(−393,546 + 56.21(𝑇𝑎𝑑 − 298) + 2(−241,845 + 43.87(𝑇𝑎𝑑 − 298) +

7.52(0 + 33.7(𝑇𝑎𝑑 − 298) =? ? 

𝐻𝑟𝑒𝑎𝑐 = 𝐻𝑝𝑟𝑜𝑑 

𝑇𝑎𝑑 = 2318 𝐾  
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Ex5: Estimate the constant – volume adiabatic flame temperature for 

combustion of a stoichiometric CH4 air mixture .P=1atm and T initial 298 

K. use the same  assumptions as in Ex4. 

Sol: 

𝐻𝑟𝑒𝑎𝑐 − 𝐻𝑝𝑟𝑜𝑑 − 𝑅𝑢(𝑁𝑟𝑒𝑎𝑐 ∗ 𝑇𝑖𝑛𝑖𝑡 − 𝑁𝑝𝑟𝑜𝑑 ∗ 𝑇𝑎𝑑) = 0 

∑ 𝑛𝑖(ℎ)𝑖

𝑟𝑒𝑎𝑐

− ∑ 𝑛𝑖(ℎ)𝑖

𝑝𝑟𝑜𝑑

− 𝑅𝑢(𝑁𝑟𝑒𝑎𝑐 ∗ 𝑇𝑖𝑛𝑖𝑡 − 𝑁𝑝𝑟𝑜𝑑 ∗ 𝑇𝑎𝑑) = 0 

𝐻𝑟𝑒𝑎𝑐 = ∑ 𝑛𝑖(ℎ𝑓0 + Δh)𝑖

𝑅𝑒𝑐𝑎

= 1(−74,831) + 2(0) + 7.52(0)

= −74,831 kJ/Kmole 

∑ 𝑛𝑖(ℎ𝑓0 + Δh)𝑖

𝑝𝑟𝑜𝑑

= 𝑛𝑖(ℎ𝑓0 + C𝑝(𝑇𝑎𝑑 − 298)𝑖 

𝐻𝑝𝑟𝑜𝑑 = ∑ 𝑛𝑖(ℎ𝑓0 + Δh)𝑖

𝑝𝑟𝑜𝑑

= 𝑛𝑖(ℎ𝑓0 + C𝑝(𝑇𝑎𝑑 − 298)𝑖

= 1(−393,546 + 56.21(𝑇𝑎𝑑 − 298)
+ 2(−241,845 + 43.87(𝑇𝑎𝑑 − 298)
+ 7.52(0 + 33.7(𝑇𝑎𝑑 − 298)
= −887,236 + 397.5(𝑇𝑎𝑑 − 298) 

𝑅𝑢(𝑁𝑟𝑒𝑎𝑐 ∗ 𝑇𝑖𝑛𝑖𝑡 − 𝑁𝑝𝑟𝑜𝑑 ∗ 𝑇𝑎𝑑) = 8,315(10.52)(𝑇𝑎𝑑 − 298) 

 

−74,831 − 887,236 + 397.5(𝑇𝑎𝑑 − 298) − 8,315(10.52)(𝑇𝑎𝑑 − 298) = 0 

𝑇𝑎𝑑 = 2889 𝐾 
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H.W: Determine adiabatic flame temperature for constant pressure 

combustion for propane burned with 20% excess of air can assumed that the 

reactants at 298 k 
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Lecture No (5) 

Classifications of engines and their performance 

1. Class: third Year  

2. Subject: Classifications of engines and their performance 

3. Number of weeks: Two week  

4. Central idea: Classifications of engines and their performance 

5. The Test: 
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ENGINE CLASSIFICATIONS 

Internal combustion engines can be classified in a number of different ways: 

1. Types of Ignition 

(a) Spark Ignition (SI). An SI engine starts the combustion process in each 

cycle by use of a spark plug. The spark plug gives a high-voltage electrical 

discharge between two electrodes which ignites the air-fuel mixture in the 

combustion chamber surrounding the plug. In early engine development, 

before the invention of the electric spark plug, many forms of torch holes 

were used to initiate combustion from an external flame. 

 

(b) Compression Ignition (CI). The combustion process in a CI engine 

starts when the air-fuel mixture self-ignites due to high temperature in the 

combustion chamber caused by high compression. 

 

2. Engine Cycle 

(a) Four-Stroke Cycle. A four-stroke cycle experiences four piston 

movements over two engine revolutions for each cycle. 

(b) Two-Stroke Cycle. A two-stroke cycle has two piston movements over 

one revolution for each cycle. 

 

3. Basic Design 

(a) Reciprocating. Engine has one or more cylinders in which pistons 

reciprocate back and forth. The combustion chamber is located in the closed 

end of each cylinder. Power is delivered to a rotating output crankshaft by 

mechanical linkage with the pistons  

 

(b) Rotary. Engine is made of a block (stator) built around a large non-

concentric rotor and crankshaft. The combustion chambers are built into the 

nonrotating block. 

 

4. Position and Number of Cylinders of Reciprocating Engines (Fig. 1) 

(a) Single Cylinder. Engine has one cylinder and piston connected to the 

crankshaft. 

(b) In-Line. Cylinders are positioned in a straight line, one behind the other 

along the length of the crankshaft. They can consist of 2 to 11 cylinders or 
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possibly more. In-line four-cylinder engines are very common for 

automobile and other applications. In-line six and eight cylinders are 

historically common automobile engines. In-line engines are sometimes 

called straight (e.g., straight six or straight eight). 

(c) V Engine. Two banks of cylinders at an angle with each other along a 

single crankshaft. The angle between the banks of cylinders can be 

anywhere from 15° to 120°, with 60°-90° being common. V engines have 

even numbers of cylinders from 2 to 20 or more. V6s and V8s are common 

automobile engines, with V12s and V16s (historic) found in some luxury 

and high-performance vehicles. 

(d) Opposed Cylinder Engine. Two banks of cylinders opposite each other 

on a single crankshaft (a V engine with a 180°V). These are common on 

small aircraft and some automobiles with an even number of cylinders from 

two to eight or more. These engines are often called flat engines (e.g., flat 

four). 

(e) W Engine. Same as a V engine except with three banks of cylinders on 

the same crankshaft. Not common, but some have been developed for racing 

automobiles, both modern and historic. Usually 12 cylinders with about a 

60° angle between each bank. 

(L) Opposed Piston Engine. Two pistons in each cylinder with the 

combustion chamber in the center between the pistons. A single-combustion 

process causes two power strokes at the same time, with each piston being 

pushed away from the center and delivering power to a separate crankshaft 

at each end of the cylinder. Engine output is either on two rotating 

crankshafts or on one crankshaft incorporating complex mechanical linkage. 

(g) Radial Engine. Engine with pistons positioned in a circular plane around 

the central crankshaft. The connecting rods of the pistons are connected to 

a master rod which, in turn, is connected to the crankshaft. A bank of 

cylinders on a radial engine always has an odd number of cylinders ranging 

from 3 to 13 or more. Operating on a four-stroke cycle, every other cylinder 

fires and has a power stroke as the crankshaft rotates, giving a smooth 

operation. Many medium- and large-size propeller-driven aircraft use 

radial engines. For large aircraft, two or more banks of cylinders are 

mounted together, one behind the other on a single crankshaft, making 

one powerful, smooth engine. Very large ship engines exist with up to 54 

cylinders, six banks of 9 cylinders each. 
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5. Air Intake Process 

(a) Naturally Aspirated. No intake air pressure boost system. 

(b) Supercharged. Intake air pressure increased with the compressor driven 

off of the engine crankshaft  

(c) Turbocharged. Intake air pressure increased with the turbine-compressor 

driven by the engine exhaust gases . 

(d) Crankcase Compressed. Two-stroke cycle engine which uses the 

crankcase 

as the intake air compressor. Limited development work has also been 

done on design and construction of four-stroke cycle engines with 

crankcase compression. 

6. Method of Fuel Input for SI Engines 

(a) Carbureted. 

(b) Multipoint Port Fuel Injection. One or more injectors at each cylinder 

intake. 

(c) Throttle Body Fuel Injection. Injectors upstream in intake manifold. 

7. Fuel Used 

(a) Gasoline. 

(b) Diesel Oil or Fuel Oil. 

(c) Gas, Natural Gas, Methane. 

(d) LPG. 

(e) Alcohol-Ethyl, Methyl. 

(f) Dual Fuel. There are a number of engines that use a combination of two 

or more fuels. Some, usually large, CI engines use a combination of methane 

and diesel fuel. These are attractive in developing third-world countries 

because of the high cost of diesel fuel. Combined gasoline-alcohol fuels 

are becoming more common as an alternative to straight gasoline automobile 

engine fuel. 

(g) Gasohol. Common fuel consisting of 90% gasoline and 10% alcohol. 

 

8. Application 

(a) Automobile, Truck, Bus. 

(b) Locomotive. 

(c) Stationary. 

(d) Marine. 

(e) Aircraft. 

(f) Small Portable, Chain Saw, Model Airplane. 
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10-Type of Cooling 

(a) Air Cooled. 

(b) Liquid Cooled, Water Cooled. 

 

Several or all of these classifications can be used at the same time to identify 

a given engine. Thus, a modern engine might be called a turbocharged, 

reciprocating, spark ignition, four-stroke cycle, overhead valve, water-

cooled, gasoline, multipoint fuel-injected, V8 automobile engine 
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Engine performance 
 

 

 

1) Brake power   

𝐵𝑝 =
2𝜋𝑁𝑇

60∗1000
   …………. (1)  

           Bp: Brake power (KW) 

           N: speed (r.p.m) 

           T:Torque (n.m) 

𝐵𝑝 = 𝑚𝑓̇ ∗ 𝐿. 𝐶. 𝑉 ∗  𝜂𝑏𝑡ℎ ………… (2)  

          𝑚𝑓̇  : mass flow rate of fuel (kg/s) 

  L.C.V: lower calorific value (KJ/kg) 
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  𝜂𝑏𝑡ℎ : brake thermal efficiency. 

   𝜂𝑏𝑡ℎ =
 𝐵𝑝

𝑚𝑓̇ ∗𝐿.𝑉.𝐶
   …………. (2a)  

    𝐵𝑝 = 𝑏𝑚𝑒𝑝 ∗ 𝑉𝑠̇ ∗ 102 ……….(3) 

𝑉𝑠̇: swept volume (m³/sec) 

 bemp: brake mean effective pressure (bar): t is hypothetical pressure if it   

was placed on the piston in the power stroke, it would not give us the same 

net work that could be obtained a full turn. 

𝑏𝑚𝑒𝑝 =
𝑊𝑛𝑒𝑡

(𝑉1 − 𝑉2) ∗ 102
… (4) 

  

 

 

   

 

𝑉𝑠 =
𝜋𝐵2

4
∗ 𝐿

̇
 

𝑉𝑠̇ =
𝜋𝐵2

4
∗ 𝐿 ∗ 𝐶 ∗

𝑁

60 ∗ 𝑍

̇
 

𝑉𝑠̇: swept volume (m³/sec) 

𝑉𝐶: clearance volume (m³/sec) 

                                                                𝑉𝑐                       𝑉𝑠 

L: stroke (m) 

             Wnet 

P 

V 

bmep 
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B:diameter of cylinder (bore)(m) 

C:number of cylinder  

Z:crank shaft revolution for complete power cycle  

Z=2 four stroke cycle  

Z=1 two stroke cycle  

𝑟 =
𝑉𝑠+𝑉𝑐

𝑉𝑐
  

r: Compression ratio 

2- Indicate power Ip (KW) 

𝐼𝑝 = 𝑚𝑓̇ ∗ 𝐿. 𝐶. 𝑉 ∗  𝜂𝐼𝑡ℎ ………… (5)  

          𝑚𝑓̇  : mass flow rate of fuel (kg/s) 

         𝜂𝑏𝑡ℎ : Indicate thermal efficiency 

 𝐼𝑝 = 𝐼𝑚𝑒𝑝 ∗ 𝑉𝑠̇ ∗ 102 ……….(6) 

brake mean effective pressure (bar) 

3) Specific fuel consumption (kg/Kw.hr) 

  

a) Brake specific fuel consumption (b.s.f.c) 

𝑏. 𝑠. 𝑓. 𝑐 =
𝑚𝑓̇

 𝐵𝑝
 …………(7) 

𝑚𝑓̇ =  𝐵𝑝 ∗ 𝑏. 𝑠. 𝑓. 𝑐            (𝐾𝑔/ℎ𝑟) 

𝑚𝑓̇ =
 𝐵𝑝 ∗ 𝑏. 𝑠. 𝑓. 𝑐            

3600
       (𝐾𝑔/𝑠𝑒𝑐) 

 

b) Indicated specific fuel consumption (b.s.f.c) 
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𝐼. 𝑠. 𝑓. 𝑐 =
𝑚𝑓̇

𝐼𝑝
 …………(8) 

4) Mechanical efficiency 𝜂𝑚 

𝜂𝑚 =
𝐵𝑝

𝐼𝑝

 

𝜂𝑚 =
𝑚𝑓̇ ∗ 𝐿. 𝐶. 𝑉 ∗  𝜂𝑏𝑡ℎ

𝑚𝑓̇ ∗ 𝐿. 𝐶. 𝑉 ∗  𝜂𝐼𝑡ℎ
=

 𝜂𝑏𝑡ℎ

 𝜂𝐼𝑡ℎ
=

𝑏. 𝑠. 𝑓. 𝑐            

𝐼. 𝑠. 𝑓. 𝑐            
=

𝑏𝑚𝑒𝑝

𝐼𝑚𝑒𝑝
… . (9) 

 

5) Volumetric efficiency 𝜂𝑉: the ratio of the air induced measured at the 

free air conditions to the swept volume of the cylinder  

𝜂𝑉 =
(𝑚̇𝑎𝑖𝑟)𝑎𝑐𝑡𝑢𝑎𝑙

(𝑚̇𝑎𝑖𝑟)𝑖𝑑𝑒𝑎𝑙
… … (10)   

 

(𝑚̇𝑎𝑖𝑟)𝑖𝑑𝑒𝑎𝑙 = 𝜌𝑎𝑖𝑟 ∗ 𝑉𝑠̇ 

 

𝜂𝑉 =
𝑚̇𝑎𝑖𝑟

𝜌𝑎𝑖𝑟 ∗ 𝑉𝑠̇

 

𝜌𝑎𝑖𝑟 =
𝑃 ∗ 102

𝑅𝑇
 

𝜂𝑏𝑡ℎ=(0.25−0.33) 

𝜂𝑖𝑡ℎ=(0.26−0.38) 

𝜂𝑚=(0.7−0.95) 

𝜂𝑉=(0.6−0.96) 
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Ex1: a 2-stroke diesel engine has a capacity of 1.8 liter . if the (s.f.c) is 0.3 

kg/kw.hr and the engine develops a torque  of 100 N.m at 2000 r.p.m 

calculate the volumetric and brake thermal efficiency , given that (A/F) 30/1 

L.C.V =4000 KJ/kg and ambient conditions are p=1.013 bar , T=25ºC .  

Sol: 

𝐵𝑝 =
2𝜋𝑁𝑇

60∗1000
=

2𝜋∗2000∗100

60∗1000
= 20.9𝐾𝑊    

𝐵𝑝 = 𝑚𝑓̇ ∗ 𝐿. 𝑉. 𝐶 ∗  𝜂𝑏𝑡ℎ 

𝑏. 𝑠. 𝑓. 𝑐 =
𝑚𝑓̇

 𝐵𝑝
= 0.3 =

𝑚𝑓̇

20.9
⟹ 𝑚𝑓̇ = 6.28 𝐾𝑔/ℎ𝑟 

 

𝑚𝑓̇ =
6.28

3600
= 0.00174 𝑘𝑔/𝑠𝑒𝑐 

𝜂𝑏𝑡ℎ =
 𝐵𝑝

𝑚𝑓̇ ∗ 𝐿. 𝐶. 𝑉
=

20.9

0.0017 ∗ 40000
= 0.0 = 299 = 29.9% 

𝜂𝑉 =
(𝑚̇𝑎𝑖𝑟)𝑎𝑐𝑡𝑢𝑎𝑙

(𝑚̇𝑎𝑖𝑟)𝑖𝑑𝑒𝑎𝑙
   

 

(𝑚̇𝑎𝑖𝑟)𝑖𝑑𝑒𝑎𝑙 = 𝜌𝑎𝑖𝑟 ∗ 𝑉𝑠̇ 

𝑉𝑠̇ = 𝑉𝑠 ∗
𝑁

60 ∗ 𝑧
= 1.8 ∗ 10−3 ∗

2000

60 ∗ 1
= 0.26 𝑚3/𝑠𝑒𝑐 

 

𝜌𝑎𝑖𝑟 =
𝑃 ∗ 102

𝑅𝑇
=

1.013 ∗ 10²

0.287 ∗ 298
= 1.184 𝑘𝑔/𝑚³ 
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𝐴

𝐹
=

𝑚̇𝑎𝑖𝑟

𝑚𝑓̇
 

30 =
𝑚̇𝑎𝑖𝑟

0.00174
⟹ 𝑚̇𝑎𝑖𝑟 = 0.0522 𝑘𝑔/𝑠𝑒𝑐 

 

𝜂𝑉 =
𝑚̇𝑎𝑖𝑟

𝜌𝑎𝑖𝑟 ∗ 𝑉𝑠̇

=
0.0522

1.184 ∗ 0.06
= 0.73 = 73% 

 

Ex2: a-4 cylinder 4-stroke diesel engine has a bore =21 cm and stroke        

L= 29cm .and running at 720 r.p.m .the bmep =6 bar , and b.s.f.c is 0.23 

kg/kw.hr . the (A/F) is 24/1. calculate the 𝜂𝑏𝑡ℎ  , 𝜂𝑉  and 𝜂𝐼𝑡ℎ  given 

ambient conditions are P= 1 bar , T=15ºC, L.C.V of fuel is 44000 KJ/Kg and 

𝜂𝑚 = 80% . 

Sol: 

𝑉𝑠̇ =
𝜋𝐵2

4
∗ 𝐿 ∗ 𝐶 ∗

𝑁

60 ∗ 𝑍
=

𝜋(0.21)2

4
∗ 0.29 ∗ 4 ∗

720

60 ∗ 2
= 0.24 𝑚3/𝑠 

 𝐵𝑝 = 𝑏𝑚𝑒𝑝 ∗  𝑉𝑠̇ ∗ 102 = 6 ∗ 0.24 ∗ 102 = 144 𝐾𝑊 

𝐵𝑝 = 𝑚𝑓̇ ∗ 𝐿. 𝐶. 𝑉 ∗  𝜂𝑏𝑡ℎ 

𝑏. 𝑠. 𝑓. 𝑐 =
𝑚𝑓̇

 𝐵𝑝
= 0.23 =

𝑚𝑓̇

144
⟹ 𝑚𝑓̇ =

144 ∗ 0.23

3600
= 0.0092 𝐾𝑔/𝑠 

𝜂𝑏𝑡ℎ =
144

0.0092 ∗ 44000
= 0.35 = 35% 

𝜂𝑚 =
𝜂𝑏𝑡ℎ

𝜂𝑖𝑡ℎ
⟹ 𝜂𝑖𝑡ℎ =

0.35

0.8
= 0.437 = 43.7% 
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𝐴

𝐹
=

𝑚̇𝑎𝑖𝑟

𝑚𝑓̇
 

24 =
𝑚̇𝑎𝑖𝑟

0.0092
⟹ 𝑚̇𝑎𝑖𝑟 = 0.2208 𝑘𝑔/𝑠𝑒𝑐 

𝜌𝑎𝑖𝑟 =
𝑃 ∗ 102

𝑅𝑇
=

1.01 ∗ 10²

0.287 ∗ 298
= 1.22 𝑘𝑔/𝑚³ 

𝜂𝑉 =
𝑚̇𝑎𝑖𝑟

𝜌𝑎𝑖𝑟 ∗ 𝑉𝑠̇

=
0.2208

1.22 ∗ 0.24
= 0.75 = 75% 
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Air-Standard Assumptions 

In our study of gas power cycles, we assume that the working fluid is air, 

and the air undergoes a thermodynamic cycle even though the working fluid 

in the actual power system does not undergo a cycle.  

To simplify the analysis, we approximate the cycles with the following 

assumptions:  

• The air continuously circulates in a closed loop and always behaves as an 

ideal gas. 

• All the processes that make up the cycle are internally reversible. 

• The combustion process is replaced by a heat-addition process from an 

external source. 

• A heat rejection process that restores the working fluid to its initial state 

replaces the exhaust process. 

• The cold-air-standard assumptions apply when the working fluid is air 

and has constant specific heat evaluated at room temperature (25oC or 

77oF). 

Terminology for Reciprocating Devices 

• The following is some terminology we need to understand for 

reciprocating engines—typically piston-cylinder devices.  Let’s look at 

the following figures for the definitions of top dead center (TDC), bottom 

dead center (BDC), stroke, bore, intake valve, exhaust valve, clearance 

volume, displacement volume, compression ratio, and mean effective 

pressure. 
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Pressure-Volume Diagrams 
A pressure volume diagram (or PV diagram, or volume-pressure loop) is 

used to describe corresponding changes in volume and pressure in a system. 

They are commonly used in thermodynamics,  

PV diagrams, originally called indicator diagrams, were developed in the 

18th century as tools for understanding the efficiency of steam engines. 

 

A PV diagram plots the change in pressure P with respect to volume V for 

some process or processes. Typically in thermodynamics, the set of 

processes forms a cycle, so that upon completion of the cycle there has been 

no net change in state of the system; i.e. the device returns to the starting 

pressure and volume. 

The figure shows the features of a typical PV diagram. A series of numbered 

states (1 through 4) are noted. The path between each state consists of some 

process (A through D) which alters the pressure or volume of the system (or 

both). 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Volume_(thermodynamics)
https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Thermodynamics
https://en.wikipedia.org/wiki/Steam_engine
https://en.wikipedia.org/wiki/Thermodynamic_process
https://en.wikipedia.org/wiki/Thermodynamic_cycle
https://en.wikipedia.org/wiki/Thermodynamic_state
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A key feature of the diagram is that the amount of energy expended or 

received by the system as work can be estimated as the area under the curve 

on the chart. For a cyclic diagram, the net work is that enclosed by the curve. 

In the example given in the figure, the processes 1-2-3 produce a work 

output, but processes from 3-4-1 require a smaller energy input to return to 

the starting position / state; thus the net work is the difference between the 

two. 

Note that this figure is highly idealized, and a diagram showing the 

processes in a real device would tend to depict a more complex shape of the 

PV curve. 

 

Mean process on p-v diagram  

Recall from the previous section… 

ΔU = Q + W 

Q > 0 system absorbs heat from the environment 

Q < 0 system releases heat to the environment 

W > 0 work done on the system by the environment 

W < 0 work done by the system on the environment 

 

A system can be described by three thermodynamic variables. — pressure, 

volume, and temperature. Well, maybe it's only two variables. With 

everything tied together by the ideal gas law, one variable can always be 

described as dependent on the other two. 

PV=mRT 

 

 

https://en.wikipedia.org/wiki/Work_(thermodynamics)


Northern Technical University 

Technical college of Engineering / Mosul 

 Combustion & Pollution Engineering  (third year) 

 

prepared by : Assistant Lecturer  Mr. Omar M. yousif Page 4 
 

Curves  

isobaric 

• constant pressure 

• "bar" comes from the Greek word for heavy: βαρύς [varys] 

• examples: weighted piston, flexible container in earth's atmosphere, hot 

air balloon 

• PV graph is a horizontal line 

      W = −PΔV  ⇒  ΔU = Q − PΔV 

 

𝑉1

𝑇1
=

𝑉2

𝑇2
            ,   𝑄 = 𝑚𝑐𝑝(𝑇2 − 𝑇1)    , 

𝑝1𝑉1

𝑇1
=

𝑝2𝑉2

𝑇2
 

PV=mRT 
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isochoric 

• constant volume 

• "chor" comes from the Greek word for volume: χώρος [khoros] 

• examples: closed rigid container, constant volume thermometer 

• PV graph is a vertical line 

 

𝑄 = 𝑚𝑐𝑣(𝑇2 − 𝑇1)    , 
𝑝1𝑉1

𝑇1
=

𝑝2𝑉2

𝑇2
 

PV=mRT 

 

 

 

 

 

 

W = 0  ⇒  ΔU = Q 
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isothermal 

• constant temperature 

• "therm" comes from the greek work for heat: θερμότητα [thermotita] 

• examples: "slow" processes, breathing out through a wide open mouth 

• PV graph is a rectangular hyperbola 

ΔU = 0  ⇒  Q = −W 
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adiabatic 

• no heat exchange with the environment 

• adiabatic has a complex Greek origin that means "not + through +go": 

α + Δια + βατός [a + dia + vatos] 

• examples: "fast" processes, forcing air out through pursed lips, bicycle 

tire pump 

• PV diagram is a "steep hyperbola" 

Q = 0  ⇒  ΔU = W 

 

 
  

 

 

 

 

 

 

 

 

 

 

𝑃1𝑉1
𝛾
= 𝑃2𝑉2

𝛾
    ,    

𝑇2

𝑇1
= (

𝑉1

𝑉2
)
𝛾−1

  ,   
𝑇2

𝑇1
= (

𝑃2

𝑃1
)

𝛾−1

𝛾
                        

whereas( 𝛾) gas index is   𝛾 =
𝐶𝑝

𝐶𝑉
  

 For air 𝛾=1.4  ,  𝐶𝑝 = 1.005𝑘𝐽 𝐾𝑔. 𝑘⁄  ,   𝐶𝑉 = 0.717 𝑘𝐽 𝐾𝑔. 𝑘⁄  

R=287  J/Kg. K    
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Lecture No (7)  

Otto Cycle 

1. Class: third Year  

2. Subject: Otto Cycle 

3. Number of weeks: one week  

4. Central idea: Otto Cycle 

5. The Test: 
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Otto Cycle: The Ideal air standard  Cycle for Spark-Ignition Engines 

(petrol engine)  

Consider the automotive spark-ignition power cycle. 

 Processes 

 Intake stroke  

 Compression stroke   

 Power (expansion) stroke  

 Exhaust stroke  
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Process 1-2  isentropic compression ( piston moves from BDC to 

TDC gas compressed isentropically  𝑝𝑣𝛾=c. 

Process 2-3 constant volume heat adding ( at the TDC ,the piston is 

kept at rest instantaneous , combustion occurs , heat adding at 

constant volume .  

Process 3-4 isentropic expansion (the piston returns to the BDC, 

gas is expanded   isentropically  𝑝𝑣𝛾=c. 

Process 4-1 constant volume heat rejection  (piston kept at rest heat 

is rejected from gas at constant volume until the initial condition is 

attained . 

Compression ratio :the ratio of the maximum volume formed in the 

cylinder to the minimum (clearance ) volume  
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𝑟 =
𝑉𝑚𝑎𝑥

𝑉𝑚𝑖𝑛
=

𝑉1

𝑉2
 

𝑟 =
𝑠𝑤𝑒𝑝𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 + 𝑐𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 

𝑐𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 𝑣𝑜𝑙𝑢𝑚𝑒
 

𝑟 =
𝑉𝑠+𝑉𝑐

𝑉𝑐
 

𝑉𝑠 =
𝜋

4
 𝐷2𝐿  

TDC: Top died center  

BDC: Bottom died center                        

𝑉𝑠: 𝑠𝑤𝑒𝑝𝑡 𝑣𝑜𝑙𝑢𝑚𝑒  

𝑉𝑐: 𝑐𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 𝑣𝑜𝑙𝑢𝑚𝑒  

L:stroke  

D: diameter of cylinder (bore)   

 

Thermal efficiency of the ideal Otto cycle : 

𝜂𝑜𝑡𝑡𝑜 =
𝑤𝑛𝑒𝑡

𝑄𝑎𝑑𝑑
=

𝑄𝑎𝑑𝑑 −𝑄𝑟𝑒𝑗

𝑄𝑎𝑑𝑑
  

𝜂𝑜𝑡𝑡𝑜 = 1 −
𝑄𝑟𝑒𝑗

𝑄𝑎𝑑𝑑
  

𝑄𝑎𝑑𝑑 = 𝑚𝑐𝑣(𝑇3 − 𝑇2)  

𝑄𝑟𝑒𝑗 = 𝑚𝑐𝑣(𝑇4 − 𝑇1)  
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𝜂𝑂𝑡𝑡𝑜 = 1 −
𝑚𝑐𝑣(𝑇4 − 𝑇1)

𝑚𝑐𝑣(𝑇3 − 𝑇2)
= 1 −

(𝑇4 − 𝑇1)

(𝑇3 − 𝑇2)
 

𝜂𝑂𝑡𝑡𝑜 = 1 −
𝑚𝑐𝑣(𝑇4 − 𝑇1)

𝑚𝑐𝑣(𝑇3 − 𝑇2)
= 1 −

𝑇1 (
𝑇4
𝑇1

− 1)

𝑇2 (
𝑇3
𝑇2

− 1)
 

Process (1-2) 

𝑇2

𝑇1
= (

𝑉1

𝑉2
)

𝛾−1
= 𝑟𝛾−1  

Process (3-4) 

𝑇3

𝑇4
= (

𝑉4

𝑉3
)

𝛾−1
= (

𝑉1

𝑉2
)

𝛾−1
= 𝑟𝛾−1 

𝑉4 = 𝑉1  

𝑉3 = 𝑉2              ∴
𝑇2

𝑇1
=

𝑇3

𝑇4
⟹

𝑇4

𝑇1
=

𝑇3

𝑇2
 

𝜂𝑜𝑡𝑡𝑜 = 1 −
𝑇1

𝑇2
                  

𝑇1

𝑇2
= (

𝑉2

𝑉1
)

𝛾−1
=

1

𝑟𝛾−1  

𝜂𝑜𝑡𝑡𝑜 = 1 −
1

𝑟𝛾−1
 

We see that increasing the compression ratio increases the thermal 

efficiency.  However, there is a limit on r depending upon the fuel.  Fuels 

under high temperature resulting from high compression ratios will 

prematurely ignite, causing knock.  

 

 



Northern Technical University 

Technical college of Engineering / Mosul 

 Combustion & Pollution Engineering  (third year) 

prepared by : Assistant Lecturer  Mr. Omar M. yousif Page 7 
 

Example(1):Calculate the thermal efficiency of Otto cycle with a cylinder 

bore of (50 mm) and stroke of  (75 mm)  .and a clearance volume of 21.3 

cm³  

Sol :   

𝜂𝑜𝑡𝑡𝑜 = 1 −
1

𝑟𝛾−1
 

𝑟 =
𝑉𝑚𝑎𝑥

𝑉𝑚𝑖𝑛
=

𝑉1

𝑉2
 

𝑟 =
𝑠𝑤𝑒𝑝𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 + 𝑐𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 

𝑐𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 𝑣𝑜𝑙𝑢𝑚𝑒
 

𝑉1 = 𝑉𝑠 + 𝑉𝑐 

𝑉𝑠 =
𝜋

4
 𝐷2𝐿  

𝑉𝑠 =
𝜋

4
 (502) ∗ 75 = 147.2 𝑐𝑚³ 

𝑉1 = 147.2 + 21.3 = 168.2  

𝑟 =
168.2

21.3
= 7.92 

𝜂𝑜𝑡𝑡𝑜 = 1 −
1

7.92𝛾−1=56.3% 
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Example2: ) The compression ratio of an air standard Otto cycle is 9 .the 

pressure and temperature at the beginning of the compression process is 100 

Kpa , 30 oC respectively .and the temperature and volume at the end of 

expansion process is 800k ,600 cm³ respectively. Determine  

1)Maximum pressure and temperature in the cycle. 

2)The amount of heat added to the cycle. 

 3)The thermal efficiency of the cycle. 

Sol: 

Process 1-2 

  
𝑇2

𝑇1
= (

𝑉1

𝑉2
)

𝛾−1
= 𝑇2 = 303(9)1.4−1=729.69k 

 𝑉1 = 𝑉4 = 0.0006 𝑚³ 

𝑟 =
𝑉1

𝑉2
=

0.0006

𝑉2
= 9 ⇒ 𝑉2 = 0.0000666𝑚³  

𝑃1𝑉1
𝛾

= 𝑃2𝑉2
𝛾

= 100 ∗ 0.00061.4 = 𝑃2 ∗ 0.00006661.4   

𝑃2 = 2170.44 𝐾𝑝𝑎   

Process 3-4 

  
𝑇3

𝑇4
= (

𝑉4

𝑉3
)

𝛾−1
= 𝑇3 = 800(9)1.4−1=1926.57k  

Process 2-3 

𝑝3𝑉3

𝑇3
=

𝑝2𝑉2

𝑇2
 = 𝑝3

𝑇3

𝑇2
𝑝2 = (

1926.57

729.69
) (2170.44) = 5730.55Kpa 
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2- 

𝑄𝑎𝑑𝑑 = 𝑐𝑉(𝑇3 − 𝑇2) = 0.717(1926.57 − 729.69)    

= 858.1629 𝐾𝐽/𝐾𝑔 

3- η=1- 
1

rγ-1
= 1 −

1

9
γ-1 = 58.47% 
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Lecture No (8) 

diesel cycle  

1. Class: third Year  

2. Subject: diesel cycle 

3. Number of weeks: one week  

4. Central idea: diesel cycle 

5. The Test: 
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diesel cycle  

The ideal approximation of the diesel compression ignition internal 

combustion engine is the air standard diesel cycle : 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



Northern Technical University 

Technical college of Engineering / Mosul 

 Combustion & Pollution Engineering  (third year) 

 

prepared by : Assistant Lecturer  Mr. Omar M. yousif Page 4 
 

Process 1-2  isentropic compression ( piston moves from BDC to 

TDC gas compressed isentropically  𝑝𝑣𝛾=c. 

Process 2-3 constant pressure heat adding ( at the TDC ,the piston 

is kept at rest instantaneous , combustion occurs , heat adding at 

constant pressure .  

Process 3-4 isentropic expansion (the piston returns to the BDC, 

gas is expanded   isentropically  𝑝𝑣𝛾=c. 

Process 4-1 constant volume heat rejection  (piston kept at rest heat 

is rejected from gas at constant volume until the initial condition is 

attained . 

Volume at Point (3) called cut off volume  

Definition :  

1-Compression ratio :the ratio of the maximum volume formed in 

the cylinder to the minimum (clearance ) volume . 

                                       𝑟 =
𝑉𝑚𝑎𝑥

𝑉𝑚𝑖𝑛
=

𝑉1

𝑉2
 

2- Expansion ratio (re ) :the ratio between the volumes in the 

expansion process (3-4) 

𝑟𝑒 =
𝑉𝑚𝑎𝑥

𝑉𝑐𝑢𝑡 𝑜𝑓𝑓 𝑣𝑜𝑙
=

𝑉4

𝑉3
 

3-Cut off ratio (e) :the ratio of the cylinder volumes after and 

before the combustion process : 
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𝑒 =
𝑉𝑐𝑢𝑡𝑜𝑓𝑓 𝑣𝑜𝑙

𝑉𝑚𝑖𝑛
=

𝑉3

𝑉2
 

 

Put 
𝑟

𝑒
=

𝑉1

𝑉2
 .

𝑉2

𝑉3
=

𝑉1

𝑉3
=

𝑉4

𝑉3
= 𝑟𝑒    

Thermal efficiency of the ideal diesel cycle : 

𝜂𝐷𝑖𝑒𝑠𝑒𝑙 =
𝑤𝑛𝑒𝑡

𝑄𝑎𝑑𝑑
=

𝑄𝑎𝑑𝑑 −𝑄𝑟𝑒𝑗

𝑄𝑎𝑑𝑑
  

𝜂𝐷𝑖𝑒𝑠𝑒𝑙 = 1 −
𝑄𝑟𝑒𝑗

𝑄𝑎𝑑𝑑
  

𝑄𝑎𝑑𝑑 = 𝑚𝑐𝑝(𝑇3 − 𝑇2)  

𝑄𝑟𝑒𝑗 = 𝑚𝑐𝑣(𝑇4 − 𝑇1)  

𝜂𝐷𝑖𝑒𝑠𝑒𝑙 = 1 −
𝑚𝑐𝑣(𝑇4−𝑇1)

𝑚𝑐𝑝(𝑇3−𝑇2)
= 1 −

(𝑇4−𝑇1)

𝛾(𝑇3−𝑇2)
  

Process (1-2) 

𝑇2

𝑇1
= (

𝑉1

𝑉2
)

𝛾−1
= 𝑇2 = 𝑇1𝑟𝛾−1  

𝑇3

𝑇2
=

𝑉3

𝑉2
= 𝑒 ⇒ 𝑇3 = 𝑇2. 𝑒  

𝑇3 = 𝑇1𝑟𝛾−1 . 𝑒  

Process (3-4) 

𝑇4

𝑇3
= (

𝑉3

𝑉4
)

𝛾−1
= (

1

𝑟𝑒
)

𝛾−1
= (

𝑒

𝑟
)

𝛾−1
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𝑇4 = 𝑇3 (
𝑒

𝑟
)

𝛾−1
  

𝑇4 = 𝑇1𝑟𝛾−1 . 𝑒.
𝑒𝛾−1

𝑟𝛾−1  

 𝑇4 = 𝑇1𝑒𝛾  

 

𝜂𝐷𝑖𝑒𝑠𝑒𝑙 = 1 −
𝑇1𝑒𝛾−𝑇1

𝛾[𝑇1𝑟𝛾−1.𝑒−𝑇1𝑟𝛾−1 ]
            𝜂𝐷𝑖𝑒𝑠𝑒𝑙 = 1 −

𝑒𝛾−1

𝛾𝑟𝛾−1(𝑒−1)
 

Ex1:-The compression ratio of an air standard diesel cycle is 18 

and cutoff ratio 1.5 .at the beginning of the compression stroke the 

temperature 290 k . determine :-  

1-the maximum temperature of the air  

2- the heat addition  

3-thermal efficiency  

Sol: 

 1- 
𝑇2

𝑇1
= (

𝑉1

𝑉2
)

𝛾−1
= 𝑇2 = 290(18)1.4−1=921.5k  

 
𝑇3

𝑇2
= (

𝑉3

𝑉2
) = 𝑇3 = 𝑇2. 𝑒 = (921.5 ). (1.5) = 1382 𝑘  

2-𝑄𝑎𝑑𝑑 = 𝑐𝑝(𝑇3 − 𝑇2) = 1.005(1382 − 921.5) = 462.80 𝐾𝐽/𝐾𝑔  

3- 𝜂𝐷𝑖𝑒𝑠𝑒𝑙 = 1 −
𝑒𝛾−1

𝛾𝑟𝛾−1(𝑒−1)
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 𝜂𝐷𝑖𝑒𝑠𝑒𝑙 = 1 −
1.51.4−1

1.4 181.4−1(1.5−1)
= 0.6565  

Ex2: Calculate the thermal efficiency of air standard diesel cycle 

with a compression ratio of (15) and the maximum and minimum 

cycle temperature of (1650 ºC ) and (15 ºC) respectively .the 

maximum pressure is (45) bar .the properties of air at room 

temperature.(cp=1.005Kj/kg.k).(cv=0.718KJ/kg.k).(R=0.287 

kJ/kg.k) (γ=1.4)  

Sol : 

  
𝑇2

𝑇1
= (

𝑉1

𝑉2
)

𝛾−1
= 𝑇2 = 288(15)1.4−1=850.802k  

 

 𝑝3𝑉3 = 𝑅𝑇3  = 4500 ∗ 𝑉3 = 0.287*1923 

𝑉3 = 0.12264
𝑚3

𝑘𝑔
  

 

𝑇3

𝑇2
=

𝑉3

𝑉2
 =

1923

850.802
=

0.12264

𝑉2
   ⇒ 𝑉2 = 0.05426

𝑚3

𝑘𝑔
   

 

𝑒 =
𝑉3

𝑉2
=

0.12264

0.05426
= 2.262  

 

𝜂𝐷𝑖𝑒𝑠𝑒𝑙 = 1 −
2.2621.4−1

1.4151.4−1(2.262−1)
= 0.59 = 59%  
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Lecture No (9) 

Air-fuel cycle 

1. Class: third Year  

2. Subject: Air-fuel cycle 

3. Number of weeks: Two week  

4. Central idea: Air-fuel cycle 

5. The Test: 
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Air-fuel cycle 

 

The theoretical cycle based on the actual properties of the cylinder gases is 

called the (Air-fuel). this cycle may be taken the following consideration.  

1- The actual composition of cylinder gases  

2- The variation in the specific heat of gases with temperature.(i.e cp & cv 

not constant ) 

3- The fact the fuel – air not completely combine chemically at high 

temperature. 

4- The variation in the number molecular present in the cylinder at high 

temperature.   

 

 

Air-fuel cycle assumption  

 

1- Fuel is completely vaporized and perfectly mixed with air . 

2- Burning or combustion take place at top dead center . 

3- Assume no heat exchange occurs between the gases and cylinder wall. 

4- Compression and expansion are reversible and charge (air+fuel) 

transfer happen but work transfer may be ignored . 
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Definitions :  

  

1- Fresh air ( mass flow rate of air )  ( 𝑚̇𝑎𝑖𝑟 ) : which is the new mass of 

air supplied to cylinder for each cycle : 

𝑚̇𝑎𝑖𝑟 = (1 − 𝑓) … … … … (1)  

 f:  Residual gases fraction  

 

2- Fresh fuel ( 𝑚̇𝑓𝑢𝑒𝑙) : may be defined as new mass of fuel supplied to 

the cylinder for each cycle . 

𝒎̇𝒇𝒖𝒆𝒍 = (𝟏 − 𝒇)𝑭 … … … … (𝟐) 

Where : 

F= Fuel – Air ratio  

𝑭 =
𝒎̇𝒇

𝒎̇𝒂𝒊𝒓
=

𝟏

(
𝑨
𝑭)

 

 

3- Total charge 𝒎̇𝑻:  

is the total constant of cylinder at any time of the cycle . 

𝒎̇𝑻 = 𝒎̇𝒂𝒊𝒓 + 𝒎̇𝒇 + 𝒎̇𝑹 

 

Where  

𝒎̇𝑹 : Residual mass  

𝒇 =
𝒎̇𝑹

𝒎̇𝒎
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4- Fresh mixture (𝒎̇𝒊) ∶ 

This may be classified according to the type of engine (S.I or C.I)  

 

For  S.I  ( 𝒎̇𝒇𝒓𝒆𝒔𝒉 = 𝒎̇𝒂𝒊𝒓 + 𝒎̇𝒇 ) 

 

For  C.I  ( 𝒎̇𝒇𝒓𝒆𝒔𝒉 = 𝒎̇𝒂𝒊𝒓 )  

 

Finally : we may summarized then as follows : 

𝒎̇𝒂𝒊𝒓 = (1 − 𝑓) 

𝒎̇𝒇 = (1 − 𝑓)𝐹 

𝒎̇𝑹 = (1 + 𝐹)𝑓 

𝒎̇𝒎 = (1 + 𝐹) 
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The fuel -air cycle  

1-constant volume cycle (gasoline engine cycle):  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

point (4) exhaust valve is opened  

T4=TO = Texh  

point (0) exhaust valve is closed   

PO=P1 = Pexh  

 

في حاله دوره محرك البنزين اثناء شوط السحب سوف يدخل) وقود وهواء ( مع وجود 

                    غازات عادمه داخل الاسطوانه                                                        

 

1 0 

2 

3 

4 
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f:  Residual gases fraction  

at point (4)  T4= Texh                                     V2=VO=V3 

𝑃4𝑉1 = 𝑚𝑚𝑅𝑇𝑒𝑥ℎ  … … … … . (1) 

At point (o)  

𝑃𝑒𝑥ℎ𝑉2 = 𝑚𝑅𝑅𝑇𝑒𝑥ℎ 

𝑃4𝑉1 = (1 + 𝐹)𝑅𝑇4  … … … … . (2) 

𝑃𝑒𝑥ℎ𝑉2 = (1 + 𝐹)𝑓𝑅𝑇4  … … … . (3) 

( 3( على )2نقسم المعادله )  

𝑃4𝑉1 = (1 + 𝐹)𝑅𝑇4 

𝑃𝑒𝑥ℎ𝑉2 = (1 + 𝐹)𝑓𝑅𝑇4
 

𝒇 =
𝑷𝒆𝒙𝒉

𝑷𝟒
∗

𝟏

𝒓
 

𝑟 =
𝑉1

𝑉2
 

𝒎̇𝒂𝒊𝒓 = (1 − 𝑓) 

𝒎̇𝒇 = (1 − 𝑓)𝐹 

𝒎̇𝑹 = (1 + 𝐹)𝑓           

𝒎̇𝒎 = (1 + 𝐹) 

      

𝑇2 = 𝑇1(𝑟)𝛾−1                 𝛾𝑚 =
𝐶𝑝𝑚

𝐶𝑉𝑚
 

 

𝐶𝑝𝑚 = ∑
𝑚𝑖

𝑚𝑚

 𝐶𝑝𝑖 =
1

𝑚𝑚

(𝑚𝑎𝑖𝑟 𝐶𝑝𝑎𝑖𝑟 + 𝑚𝑓𝐶𝑝𝑓 + 𝑚𝑅𝐶𝑝𝑅) 
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𝐶𝑉𝑚 = ∑
𝑚𝑖

𝑚
 𝐶𝑉𝑖 

𝑅𝑚 = ∑
𝑚𝑖

𝑚
 𝑅𝑖 

 

𝑄𝑎𝑑𝑑 = 𝑚𝑚𝑐𝑐𝑣(𝑇3 − 𝑇2) 

𝑄𝑎𝑑𝑑 = 𝑚̇𝑓 ∗ 𝐿. 𝐶. 𝑉 

𝑊34 =
𝑚𝑚𝑅𝑝(𝑇3 − 𝑇4)

𝛾𝑝 − 1
 

𝑊12 =
𝑚𝑚𝑅𝑚(𝑇2 − 𝑇1)

𝛾𝑚 − 1
 

𝑊𝑛𝑒𝑡 = 𝑊34 − 𝑊12 

𝜂𝑡ℎ =
𝑤𝑛𝑒𝑡

𝑄𝑎𝑑𝑑
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2-constant pressure  cycle (Diesel  engine cycle):  

 

 

 

 

 

 

 

 

 

 

𝒇 =
𝑷𝒆𝒙𝒉

𝑷𝟒
∗

𝟏

𝒓
 

𝒎̇𝒎 = (𝒎̇𝒂𝒊𝒓 + 𝒎̇𝑹)   

at point (1)   𝒎 =  𝒎̇𝑹 

(0-1) intake stroke  (air only )  

(1-2) compression stroke ( air + Residual gases ) 

𝒎̇𝒎 = (𝒎̇𝒂𝒊𝒓 + 𝒎̇𝑹)   

𝐶𝑝𝑚 = ∑
𝑚𝑖

𝑚𝑚

 𝐶𝑝𝑖  

𝐶𝑝𝑚 = ∑
𝑚𝑖

𝑚
 𝐶𝑝𝑖 =

1

𝑚𝑚

(𝑚𝑎𝑖𝑟 𝐶𝑝𝑎𝑖𝑟 + 𝑚𝑅𝐶𝑝𝑅) 

 

0 1 

2 
3 

4 
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𝐶𝑉𝑚 = ∑
𝑚𝑖

𝑚
 𝐶𝑉𝑖 

𝑅𝑚 = ∑
𝑚𝑖

𝑚
 𝑅𝑖 

 

 

 

𝑄𝑎𝑑𝑑 = 𝑚𝑚𝑐𝑝𝑚(𝑇3 − 𝑇2) 

𝑄𝑎𝑑𝑑 = 𝑚̇𝑓 ∗ 𝐿. 𝐶. 𝑉 

𝑊34 =
𝑚𝑚𝑅𝑝(𝑇3 − 𝑇4)

𝛾𝑝 − 1
 

𝑊12 =
𝑚𝑚𝑅𝑚(𝑇2 − 𝑇1)

𝛾𝑚 − 1
 

𝑊𝑛𝑒𝑡 = 𝑊34 − 𝑊12 

𝜂𝑡ℎ =
𝑤𝑛𝑒𝑡

𝑄𝑎𝑑𝑑
 

𝑇3 = 𝑇𝑚𝑎𝑥 

𝑃3 = 𝑃𝑚𝑎𝑥 

Prosses 3-4 isentropic expansion  

𝑇4: Temperature of exhaust  

𝑃4: pressure at the end of expansion (before the exhaust valve 

opened) 
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 Calculation of trapped temperature: 

𝑇1: trapped Temperature  

Enthalpy balance  

1- For constant volume cycle  

𝐻 = ∑ 𝐻𝑖 … … … … . . (𝐴) 

𝐻𝑚 = (𝐻𝑎𝑖𝑟 + 𝐻𝑓 + 𝐻𝑅) 

𝐻𝑚 = 𝑚𝑚𝐶𝑃𝑚(𝑇1 − 273) … … … (1) 

𝐻𝑎𝑖𝑟 = 𝑚𝑎𝑖𝑟𝐶𝑃𝑎𝑖𝑟(𝑇𝑎𝑖𝑟 − 273) … … … (2) 

𝐻𝑓 = 𝑚𝑓𝐶𝑃𝑓(𝑇𝑓 − 273) … … … (3) 

𝐻𝑅 = 𝑚𝑅𝐶𝑃𝑅(𝑇𝑅 − 273) … … … (4) 

Put  equ (1,2,3,4) in equ A 

𝑚𝑚𝐶𝑃𝑚(𝑇1 − 273) = 𝑚𝑎𝑖𝑟𝐶𝑃𝑎𝑖𝑟(𝑇𝑎𝑖𝑟 − 273) + 𝑚𝑓𝐶𝑃𝑓(𝑇𝑓 − 273) + 𝑚𝑅𝐶𝑃𝑅(𝑇𝑅 − 273) 

2- For constant pressure cycle :  

𝐻 = ∑ 𝐻𝑖 … … … … . . (𝐴) 

𝐻𝑚 = (𝐻𝑎𝑖𝑟 + 𝐻𝑅) 

𝐻𝑚 = 𝑚𝑚𝐶𝑃𝑚(𝑇1 − 273) … … … (1) 

𝐻𝑎𝑖𝑟 = 𝑚𝑎𝑖𝑟𝐶𝑃𝑎𝑖𝑟(𝑇𝑎𝑖𝑟 − 273) … … … (2) 

𝐻𝑅 = 𝑚𝑅𝐶𝑃𝑅(𝑇𝑅 − 273) … … … (3) 

𝑚𝑚𝐶𝑃𝑚(𝑇1 − 273) = 𝑚𝑎𝑖𝑟𝐶𝑃𝑎𝑖𝑟(𝑇𝑎𝑖𝑟 − 273) + 𝑚𝑅𝐶𝑃𝑅(𝑇𝑅 − 273) 
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Ex1: a constant volume fuel air cycle of compression ratio (7) uses a fuel of 

𝐶8𝐻18 .the actual air -fuel ratio is 120% of the stoichiometric one. the 

ambient Patm is 1.01 bar & Temp is 30ºC. the temperature and pressure 

before the exhaust valve opened is 1100 K and 5bar. calculate the maximum 

temperature in the cycle. mean effective pressure and thermal efficiency. 

taking in the account that for reactants (total charge) m=28.5, cp =1.45 

kj/kg.k , L.C.V =40000 kj /kg .assume Tf=20  ºC , Cpf=1.8 kj/kg.k  

Sol: 

𝐶8𝐻18 + 𝐴(𝑂2 + 3.76𝑁2) ⟶ 𝑎𝐶𝑂2 + 𝑏𝐻2𝑂 + 𝐴 ∗ 3.76𝑁2 

𝐴 = 𝑛 +
𝑚

4
= 8 +

18

4
= 5 

𝐶8𝐻18 + 12.5(𝑂2 + 3.76𝑁2) ⟶ 8𝐶𝑂2 + 9𝐻2𝑂 + 12.5 ∗ 3.76𝑁2 

 

(
𝐴

𝐹
)𝑠𝑡𝑜𝑖𝑐 =

12.5 ∗ 32 + 12.5 ∗ 3.76 ∗ 28

[(8 ∗ 12) + (18 ∗ 1)]
= 15 

(
𝐴

𝐹
)

𝑎𝑐𝑡𝑢𝑎𝑙
= 1.2 ∗ 15 = 18 

𝑭 =
𝒎̇𝒇

𝒎̇𝒂𝒊𝒓
=

𝟏

(
𝑨
𝑭)

=
1

18
= 0.0553 

𝑓 =
𝑃𝑒𝑥ℎ

𝑃4
∗

1

𝑟
 

𝑓 =
1.01

5
∗

1

7
= 0.0288 
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𝒎̇𝒂𝒊𝒓 = (1 − 𝑓) = 1 − 0.0288 = 0.971 𝑘𝑔 

𝒎̇𝒇 = (1 − 𝑓)𝐹 = (1 − 0.0288)0.0559 = 0.0542 𝑘𝑔 

𝒎̇𝑹 = (1 + 𝐹)𝑓 = (1 + 0.0559)0.0288 = 0.0304 𝑘𝑔 

𝒎̇𝒎 = (1 + 𝐹) =1+0.0559=1.0559 kg 

 

    𝐻𝑚 = (𝐻𝑎𝑖𝑟 + 𝐻𝑓 + 𝐻𝑅) 

𝑚𝑚𝐶𝑃𝑚(𝑇1 − 273) = 𝑚𝑎𝑖𝑟𝐶𝑃𝑎𝑖𝑟(𝑇𝑎𝑖𝑟 − 273) + 𝑚𝑓𝐶𝑃𝑓(𝑇𝑓 − 273) + 𝑚𝑅𝐶𝑃𝑅(𝑇𝑅 − 273) 

1.0559 ∗ 1.45(𝑇1 − 273)

= 0.971 ∗ 1.005(303 − 273) + 0.0542 ∗ 1.8(293 − 273)

+ 0.0304 ∗ 1.15(1100 − 273) ⇒  𝐓𝟏 = 𝟑𝟏𝟐. 𝟐𝟕𝟗 𝐊  

𝛾𝑚 =
𝐶𝑝𝑚

𝐶𝑉𝑚
                 𝐶𝑉𝑚 = 𝐶𝑝𝑚 − 𝑅𝑚 

𝑅𝑚 =
𝑅0

𝑀
=

8.314

28.5
= 0.2918

𝐾𝐽

𝐾𝑔. 𝐾
 

𝐶𝑉𝑚 = 𝐶𝑝𝑚 − 𝑅 = 1.45 − 0.2918 = 1.16
𝐾𝐽

𝐾𝑔. 𝐾
 

𝛾𝑚 =
𝐶𝑝𝑚

𝐶𝑉𝑚
=

1.45

1.16
= 1.25 

𝑇2 = 𝑇1(𝑟)𝛾−1 = 312.279(𝑟)1.25−1 = 507.94 𝐾                  

𝑄𝑎𝑑𝑑 = 𝑚𝑓̇ ∗ 𝐿. 𝐶. 𝑉 = 0.0542 ∗ 40000 = 2168 𝑘𝐽 

𝑄𝑎𝑑𝑑 = 𝑚𝑚̇𝐶𝑉𝑚(𝑇3 − 𝑇2) = 2168 = 1.0559 ∗ 1.16(𝑇3 − 507.94) 

𝑇3 = 2277.96𝐾 

𝑚𝑒𝑝 =
𝑊𝑛𝑒𝑡

(𝑉1 − 𝑉2) ∗ 102
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𝑊12 =
𝑚𝑚𝑅𝑚(𝑇2 − 𝑇1)

𝛾𝑚 − 1
=

1.0559 ∗ 0.29(507.94 − 312.279)

1.25 − 1

= 239.65𝐾𝐽/𝐾𝑔 

𝛾𝑝 =
𝐶𝑝𝑝

𝐶𝑉𝑝
                 𝐶𝑉𝑝 = 𝐶𝑝𝑝 − 𝑅𝑝 

𝑅 =
𝑅0

𝑀
=

8.314

30.5
= 0.2725

𝐾𝐽

𝐾𝑔. 𝐾
 

𝐶𝑉𝑝 = 𝐶𝑝𝑝 − 𝑅𝑝 = 1.15 − 0.2725 = 0.877
𝐾𝐽

𝐾𝑔. 𝐾
 

𝛾 =
𝐶𝑝𝑚

𝐶𝑉𝑚
=

1.15

0.877
= 1.31 

𝑊34 =
𝑚𝑚𝑅𝑝(𝑇3 − 𝑇4)

𝛾𝑝 − 1
=

1.0559 ∗ 0.2725(2277.96 − 1100)

1.31 − 1

= 1093.34𝐾𝐽/𝐾𝑔 

𝑊𝑛𝑒𝑡 = 𝑊34 − 𝑊12 = 1093.34 − 239.65 = 853.747𝐾𝐽/𝐾𝑔 

𝑃1𝑉1 = 𝑚𝑚𝑅𝑚𝑇1  

1.01 ∗ 𝑉1 = 1.0559 ∗ 0.2918 ∗ 303 

𝑉1 = 0.92 𝑚3 

𝑟 =
𝑉1

𝑉2
  ⇒ 𝑉2 = 0.132 𝑚3  

𝑚𝑒𝑝 =
𝑊𝑛𝑒𝑡

(𝑉1 − 𝑉2) ∗ 102
=

853.747

(0.92 − 0.132) ∗ 102
= 10.83 𝑏𝑎𝑟 

𝜂𝑡ℎ =
𝑤𝑛𝑒𝑡

𝑄𝑎𝑑𝑑
=

853.747

2168
= 39.37% 
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EX2: A constant pressure fuel-air cycle , the compression ratio is 16 , and 

the ambient condition are 1.0 bar & 25ºC . the fuel air ratio is gives as 0.075 

& residual gas fraction is 5% . if the pressure at the end of expansion stroke 

is 6 bar and exhaust temperature 1000K and the L.C.V 42000 KJ /Kg 

.Calculate the cut off ratio and mep .assume CpR is 1.2 KJ /Kg.K &  M=29 & 

for reactants (total charge) m=28  

Sol:  

𝒎̇𝒂𝒊𝒓 = (1 − 𝑓) = 1 − 0.05 = 0.95 𝑘𝑔 

𝒎̇𝑹 = (1 + 𝐹)𝑓 = (1 + 0.075)0.05 = 0.0537 𝑘𝑔 

𝒎̇𝒎 = (1 + 𝐹) =1+0.0559=1.0037 kg 

 

𝐶𝑝𝑚 = ∑
𝑚𝑖

𝑚
 𝐶𝑝𝑖 =

1

1.0037 
(0.95 ∗ 1.005 + 0.0537 ∗ 1.2)

= 1.015 𝐾𝐽 𝐾𝑔. 𝐾⁄  

    𝐻𝑚 = (𝐻𝑎𝑖𝑟 + 𝐻𝑅) 

𝑚𝑚𝐶𝑃𝑚(𝑇1 − 273) = 𝑚𝑎𝑖𝑟𝐶𝑃𝑎𝑖𝑟(𝑇𝑎𝑖𝑟 − 273) + 𝑚𝑅𝐶𝑃𝑅(𝑇𝑅 − 273) 

1.0037 ∗ 1.015(𝑇1 − 273)

= 0.95 ∗ 1.005(298 − 273) + 0.0537 ∗ 1.2(1000 − 273)

⇒        𝑇1 = 380 𝐾 

𝑅𝑚 =
𝑅0

𝑀
=

8.314

28
= 0.2969

𝐾𝐽

𝐾𝑔. 𝐾
 

𝐶𝑉𝑚 = 𝐶𝑝𝑚 − 𝑅𝑚 = 1.015 − 0.2969 = 0.718 

𝛾𝑚 =
𝐶𝑝𝑚

𝐶𝑉𝑚
=

1.015

0.718
= 1.41 
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 𝑇2 = 𝑇1(𝑟)𝛾−1 = 380(16)1.41−1 = 1184 𝐾 

𝒎̇𝒇 = (1 − 𝑓)𝐹 = (1 − 0.05)0.075 = 0.0712 𝑘𝑔 

𝑄𝑎𝑑𝑑 = 𝑚𝑓̇ ∗ 𝐿. 𝐶. 𝑉 = 0.0712 ∗ 42000 = 2990 𝑘𝐽 

𝑄𝑎𝑑𝑑 = 𝑚𝑚̇𝐶𝑉𝑚(𝑇4 − 𝑇3) = 2990 = 1.0037 ∗ 1.015(𝑇4 − 1184) 

𝑇3 = 4119.34𝐾 

𝑚𝑒𝑝 =
𝑊𝑛𝑒𝑡

(𝑉1 − 𝑉2) ∗ 102
 

𝑊12 =
𝑚𝑚𝑅𝑚(𝑇2 − 𝑇1)

𝛾𝑚 − 1
=

1.0037 ∗ 0.2969(1184 − 380)

1.41 − 1

= 584.34𝐾𝐽/𝐾𝑔 

𝛾𝑝 =
𝐶𝑝𝑝

𝐶𝑉𝑝
                 𝐶𝑉𝑝 = 𝐶𝑝𝑝 − 𝑅𝑝 

𝑅 =
𝑅0

𝑀
=

8.314

29
= 0.286

𝐾𝐽

𝐾𝑔. 𝐾
 

𝐶𝑉𝑝 = 𝐶𝑝𝑝 − 𝑅𝑝 = 1.2 − 0.286 = 0.914
𝐾𝐽

𝐾𝑔. 𝐾
 

𝛾𝑝 =
𝐶𝑝𝑝

𝐶𝑉𝑝
=

1.2

0.914
= 1.312 

𝑊34 =
𝑚𝑚𝑅𝑝(𝑇3 − 𝑇4)

𝛾𝑝 − 1
=

1.0037 ∗ 0.286(4119.34 − 1000)

1.312 − 1

= 2869.97𝐾𝐽/𝐾𝑔 

𝑊𝑛𝑒𝑡 = 𝑊34 − 𝑊12 = 2869.97 − 584.34 = 2285.63𝐾𝐽/𝐾𝑔 

𝑃1𝑉1 = 𝑚𝑚𝑅𝑚𝑇1  
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100 ∗ 𝑉1 = 1.0037 ∗ 0.2969 ∗ 380 

𝑉1 = 1.132 𝑚3 

𝑟 =
𝑉1

𝑉2
  ⇒ 𝑉2 = 0.0707𝑚3  

𝑚𝑒𝑝 =
𝑊𝑛𝑒𝑡

(𝑉1 − 𝑉2) ∗ 102
=

2285.63

(1.132 − 0.0707) ∗ 102
= 21.53 𝑏𝑎𝑟 

𝑒 =
𝑉𝑐𝑢𝑡𝑜𝑓𝑓 𝑣𝑜𝑙

𝑉𝑚𝑖𝑛
=

𝑉3

𝑉2
 

𝑉3

𝑉2
=

𝑇3

𝑇2
=

4119.34

1184
= 3.479 
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Lecture No (10) 

HYDROCARBON FUELS 

1. Class: third Year  

2. Subject: hydrocarbon fuels  

3. Number of weeks: Two week  

4. Central idea: hydrocarbon fuels 

5. The Test: 
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Hydrocarbon fuels 

SOME COMMON HYDROCARBON COMPONENTS 

Carbon atoms form four bonds in molecular structures, while hydrogen has 

one bond. A saturated hydrocarbon molecule will have no double or triple 

carbon-to carbon bonds and will have a maximum number of hydrogen 

atoms. An unsaturated molecule will have double or triple carbon-to-carbon 

bonds. A number of different families of hydrocarbon molecules have been 

identified; a few of the more common ones are described : 

 Paraffins 

The paraffin family (sometimes called alkanes) are chain molecules with a 

carbon-hydrogen combination of CnH2n+ 2, n being any number. The 

simplest member of this family, and the simplest of all stable hydrocarbon 

molecules, is methane(CH4), which is the main component of natural gas. It 

can be pictured as:  
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Aromatics generally make good gasoline fuel components, with some 

exceptions due to exhaust pollution. They have high densities in the liquid 

state and thus have high energy content per unit volume. Aromatics have 

high solvency characteristics, and care must be used in material selection for 

the fuel delivery system (e.g., they will dissolve or swell some gasket 

materials). Aromatics will dissolve a greater 

6 6 
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1-Hydrocarbon fuels gasoline  

The main fuel for SI engines is gasoline, which is a mixture of many 

hydrocarbon components and is manufactured from crude petroleum . Crude 

oil is made up almost entirely of carbon and hydrogen with some traces of 

other species. It varies from 83% to 87% carbon and 11% to 14% hydrogen 

by weight The crude oil mixture which is taken from the ground is separated 

into component products by cracking and/or distillation using thermal or 

catalytic methods at an oil refinery. Cracking is the process of breaking large 

molecular components into more useful components of smaller molecular 

weight. Preferential distillation is used to separate the mixtures into single 

components or smaller ranges of components. Generally, the larger the 

molecular weight of a component, the higher is its boiling temperature. Low 

boiling temperature components (smaller molecular weights) are used for 

solvents and fuels (gasoline), while high boiling temperature components 

with their large molecular weights are used for tar and asphalt or returned to 

the refining process for further cracking. The component mixture of the 

refining process is used for many products, including: 

automobile gasoline , diesel fuel , aircraft gasoline ,jet fuel ,home heating 

fuel ,industrial heating fuel ,natural gas ,lubrication oil , asphalt ,alcohol 

,rubber ,paint , plastics , explosives 
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2-DIESEL FUEL 

Diesel fuel (diesel oil, fuel oil) is obtainable over a large range of molecular 

weights and physical properties. Diesel fuel can be classified as Light diesel 

fuel has a molecular weight of about 170 and can be approximated by the 

chemical formula C12.3H22.2 . Light diesel fuel will be less viscous and 

easier to pump, will generally inject into smaller droplets, and will be more 

costly. Heavy diesel fuel has a molecular weight of about 200 and can be 

approximated as C14.6H24.8.. Heavy diesel fuel can generally be used in 

larger engines with higher injection pressures and heated intake systems. 

Often an automobile or light truck can use a less costly heavier fuel in the 

summer, but must change to a lighter, less viscous fuel in cold weather 

because of cold starting and fuel line pumping problems. 

 

ALTERNATE FUELS 

1-Alcohol 

Alcohols are an attractive alternate fuel because they can be obtained from a 

number of sources, both natural and manufactured. Methanol (methyl 

alcohol) and ethanol (ethyl alcohol) are two kinds of alcohol that seem most 

promising and have had the most development as engine fuel. 

The advantages of alcohol as a fuel include: 

1. Can be obtained from a number of sources, both natural and 

manufactured. 

2. Is high octane fuel with anti-knock index numbers (octane number on fuel 
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pump) of over 100. High octane numbers result, at least in part, from the 

high flame speed of alcohol. Engines using high-octane fuel can run more 

efficiently by using higher compression ratios. 

3. Generally less overall emissions when compared with gasoline. 

4. When burned, it forms more moles of exhaust, which gives higher 

pressure and more power in the expansion stroke. 

5. Has high evaporative cooling (hfg) which results in a cooler intake 

process and compression stroke. This raises the volumetric efficiency of the 

engine and reduces the required work input in the compression stroke. 

6. Low sulfur content in the fuel. 

The disadvantages of alcohol fuels include: 

1. Low energy content of the fuel. This means that almost twice as much 

alcohol as gasoline must be burned to give the same energy input to the 

engine. With equal thermal efficiency and similar engine output usage, twice 

as much fuel would have to be purchased, and the distance which could be 

driven with a given fuel tank volume would be cut in half. The same amount 

of automobile use would require twice as much storage capacity in the 

distribution system, twice the number of storage facilities, twice the volume 

of storage at the service station, twice as many tank trucks and pipelines, etc. 

Even with the lower energy content of alcohol, engine power for a given 

displacement would be about the same. This is because of the lower air-fuel 

ratio needed by alcohol. Alcohol contains oxygen and thus requires less air 

for stoichiometric combustion. More fuel can be burned with the same 

amount of air. 
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2. More aldehydes in the exhaust. If as much alcohol fuel was consumed as 

gasoline, aldehyde emissions would be a serious exhaust pollution problem. 

3. Alcohol is much more corrosive than gasoline on copper, brass, 

aluminum, rubber, and many plastics. This puts some restrictions on the 

design and manufacturing of engines to be used with this fuel. This should 

also be considered when alcohol fuels are used in engine systems designed 

to be used with gasoline. Fuel lines and tanks, gaskets, and even metal 

engine parts can deteriorate with long-term alcohol use (resulting in cracked 

fuel lines, the need for special fuel tank, etc). Methanol is very corrosive on 

metals. 

4. Poor cold weather starting characteristics due to low vapor pressure and 

evaporation. Alcohol-fueled engines generally have difficulty starting at 

temperatures below 10°C. Often a small amount of gasoline is added to 

alcohol fuel, which greatly improves cold-weather starting. The need to do 

this, however, greatly reduces the attractiveness of any alternate fuel. 

5. Poor ignition characteristics in general. 

6. Alcohols have almost invisible flames, which is considered dangerous 

when 

handling fuel. Again, a small amount of gasoline removes this danger. 

7. Danger of storage tank flammability due to low vapor pressure. Air can 

leak  into storage tanks and create a combustible mixture. 

8. Low flame temperatures generate less NOx, but the resulting lower 

exhaust temperatures take longer to heat the catalytic converter to an 

efficient operating temperature. 
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9. Many people find the strong odor of alcohol very offensive. Headaches 

and dizziness have been experienced when refueling an automobile. 

10. Vapor lock in fuel delivery systems 

 

2-Hydrogen 

advantages of using hydrogen as a fuel: 

1. Low emissions. Essentially no CO or HC in the exhaust as there is no 

carbon in the fuel. Most exhaust would be H20 and N2• 

2. Fuel availability. There are a number of different ways of making 

hydrogen, including electrolysis of water. 

3. Fuel leakage to environment is not a pollutant. 

4. High energy content per volume when stored as a liquid. This would give 

a large vehicle range for a given fuel tank capacity, but see the following. 

 

Disadvantages of using hydrogen as a fuel: 

1. Heavy, bulky fuel storage, both in vehicle and at the service station. 

Hydrogen can be stored either as a cryogenic liquid or as a compressed gas. 

If stored as a liquid, it would have to be kept under pressure at a very low 

temperature. This would require a thermally super-insulated fuel tank. 

Storing in a gas phase would require a heavy pressure vessel with limited 

capacity. 

2. Difficult to refuel. 

3. Poor engine volumetric efficiency. Any time a gaseous fuel is used in an 

engine, 
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the fuel will displace some of the inlet air and poorer volumetric efficiency 

will result. 

4. Fuel cost would be high at present-day technology and availability. 

5. High NOx emissions because of high flame temperature. 

6. Can detonate. 

3-Natural Gas-Methane 

Natural gas is a mixture of components, consisting mainly of methane (60-

98%) with small amounts of other hydrocarbon fuel components. In addition 

it contains various amounts of N2, CO2, He, and traces of other gases. Its  

sulfur content ranges from very little (sweet) to larger amounts (sour). It is 

stored as compressed natural gas (CNG) at pressures of 16 to 25 MPa, or as 

liquid natural gas (LNG) at pressures of 70 to 210 kPa and a temperature 

around -160°C. As a fuel, it works best in an engine system with a single-

throttle body fuel injector. This gives a longer mixing time, which is needed 

by this fuel. Tests using CNG in various sized vehicles continue to be 

conducted by government agencies and private industry 

 

Advantages of natural gas as a fuel include: 

1. Octane number of 120, which makes it a very good SI engine fuel. One 

reason for this high octane number is a fast flame speed. Engines can operate 

with a high compression ratio. 

2. Low engine emissions. Less aldehydes than with methanol. 

3. Fuel is fairly abundant worldwide with much available in the United 

States. It can be made from coal but this would make it more costly. 
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Disadvantages of natural gas as an engine fuel: 

1. Low energy density resulting in low engine performance. 

2. Low engine volumetric efficiency because it is a gaseous fuel. 

3. Need for large pressurized fuel storage tank. Most test vehicles have a 

range of only about 120 miles. There is some safety concern with a 

pressurized fuel tank. 

4. Inconsistent fuel properties. 

5. Refueling is slow process. 

 

4- Propane 

Propane has been tested in fleet vehicles for a number of years. It is a good 

high octane SI engine fuel and produces less emissions than gasoline: about 

60% less CO, 30% less HC, and 20% less NOx. Propane is stored as a liquid 

under pressure and delivered through a high-pressure line to the engine, 

where it is vaporized. Being a gaseous fuel, it has the disadvantage of lower 

engine volumetric efficiency 

 

And other type of fuel  

5- Reformulated Gasoline. 

6- Coal-Water Slurry 
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Lecture No (11) 

Octane Number &Cetane Number 

1. Class: third Year  

2. Subject: Octane Number &Cetane Number 

3. Number of weeks: one week  

4. Central idea: Octane Number &Cetane Number 

5. The Test: 
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Octane Number &Cetane Number 

Self-Ignition Characteristics of Fuels 

If the temperature of an air-fuel mixture is raised high enough, the mixture 

will self ignite without the need of a spark plug or other external igniter. The 

temperature above which this occurs is called the self-ignition temperature 

(SIT). This is the basic principle of ignition in a compression ignition 

engine. The compression ratio is high enough so that the temperature rises 

above SIT during the compression stroke. Self ignition then occurs when 

fuel is injected into the combustion chamber. On the other hand, self-ignition 

(or pre-ignition, or auto-ignition) is not desirable in an SI engine, where a 

spark plug is used to ignite the air-fuel at the proper time in the cycle. The 

compression ratios of gasoline-fueled SI engines are limited to about 11:1 

to avoid self-ignition. When self-ignition does occur in an SI engine higher 

than desirable, pressure pulses are generated. These high-pressure pulses can 

cause damage to the engine and quite often are in the audible frequency 

range. This phenomenon is often called knock or ping.  
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Figure (1) shows the pressure-time history within a cylinder of a typical SI 

engine. With no self-ignition the pressure force on the piston follows a 

smooth curve, resulting in smooth engine operation. When self-ignition does 

occur, pressure forces on the piston are not smooth and engine knock occurs 

 

 

 

1 
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The idea of combustion can then be extrapolated to real combustion engine 

shapes. Before combustion the chamber is divided into four equal mass 

units, each occupying an equal volume. Combustion starts at the spark plug 

on the left side, and the flame front travels from left to right. As combustion 

occurs, the temperature of the burned gases is increased to a high value. 

This, in turn, raises the pressure of the burned gases and expands the volume 

of that mass as shown in Fig. 2(b). The unburned gases in front of the flame 

front are compressed by this higher pressure, and compressive heating raises 

the temperature of the gas. The temperature of the unburned gas is further 

raised by radiation heating from the flame, and this then raises the pressure 

even higher. Heat transfer by conduction and convection are not important 

during this process due to the very short time interval involved. 

The flame front moving through the second mass of air-fuel does so at an 

accelerated rate because of the higher temperature and pressure, which 

increase the reaction rate. This, in turn, further compresses and heats the 

unburned gases in front of the flame as shown in Fig. 4-5(c). In addition, the 

energy release in the combustion process raises further the temperature and 

pressure of the burned gases behind the flame front. This occurs both by 

compressive heating and radiation. Thus, the flame front continues its travel 

through an unburned mixture that is progressively higher in temperature and 

pressure. By the time the flame reaches the last portion of unburned gas, this 

gas is at a very high temperature and pressure. In this end gas near the end of 

the combustion process is where self-ignition and knock occur.  
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To avoid knock, it is necessary for the flame to pass through and consume 

all unburned gases which have risen above self-ignition temperature before 

the ignition delay time elapses. This is done by  

1-a combination of fuel property control  

2-design of combustion chamber geometry. 

. By limiting the compression ratio in an SI engine, the temperature at the 

end of the compression stroke where combustion starts is limited. The 

reduced temperature at the start of combustion then reduces the temperature 

throughout the entire combustion process, and knock is avoided. On the 

other hand, a high compression ratio will result in a higher temperature at 

the start of combustion.  
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Octane Number and Engine Knock 

The fuel property that describes how well a fuel will or will not self-ignite is 

called the octane number or just octane.  

The two standard reference fuels used are  

1- Isooctane = octane number (ON) of 100 .( high-compression ratios ) 

2- n-heptane =octane number (ON ) of  0 (low compression ratios) 

There are several different tests used for rating octane numbers, 

1- Motor Method (MON) 

2- Research Method (RON) 

      3-anti-knock index: AKI = (MON + RON)/2 

 

Common octane numbers (anti-knock index) for gasoline fuels used in 

automobiles range from 87 to 95, with higher values available for special 

high-performance and racing engines. Reciprocating SI aircraft engines 

usually use low-lead fuels with octane numbers in the 85 to 100 range.  

 

The octane number of a fuel depends on a number of variables, that affect 

ON are combustion chamber geometry, turbulence, swirl, temperature, inert 

gases, etc. 

 The higher the flame speed in an air-fuel mixture, the higher the octane 

number. This is because, with a higher flame speed, the air-fuel mixture that 

is heated above SIT will be consumed during ignition delay time, and knock 

will be avoided. 
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Generally there is a high correlation between the compression ratio and the 

ON of the fuel an engine requires to avoid knock (Fig. 3). 

 

 

If several fuels of known ON are mixed, a good approximation of the 

mixture octane number is: 

ONmix = (% ofA)(ONA) + (% ofB)(ONB) + (% of C)(ONc)  

where % = mass percent.   
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There are a number of gasoline additives that are used to raise the octane 

number. For many years the standard additive was tetraethyllead TEL, 

(C2Hs)4Pb.A few milliliters of TEL in several liters of gasoline could raise 

the ON several points in a very predictable manner  but TEL which has toxic 

vapors and is even harmful in contact with human skin. (Fig. 4). 

 

Cetane Number 

In a compression ignition engine, self-ignition of the air-fuel mixture is a 

necessity. The correct fuel must be chosen which will self-ignite at the 

precise proper time in the engine cycle. It is therefore necessary to have 

knowledge and control of the ignition delay time of the fuel. The property 

that quantifies this is called the cetane number. The larger the cetane 

number, the shorter is the ID and the quicker the fuel will self-ignite in the 

combustion chamber environment. A low cetane number means the fuel will 

have a long ID. Like octane number rating, cetane numbers are established 

by comparing the test fuel to two standard reference fuels. The fuel 
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component n-cetane (hexadecane), C16H34, is given the cetane number value 

of 100, while heptamethylnonane (HMN), C12H34,is given the value of 15. 

The cetane number (CN) of other fuels is then obtained by comparing the ID 

of that fuel to the ID of a mixture blend of the two reference fuels with 

 

CN of fuel = (percent of n-cetane) + (0.15)(percent of HMN)  

 

Normal cetane number range is about 40 to 60. For a given engine injection 

timing and rate, if the cetane number of the fuel is low the ID will be too 

long. When this occurs, more fuel than, desirable will be injected into the 

cylinder before the first fuel particles ignite, causing a very large, fast 

pressure rise at the start of combustion. This results in low thermal 

efficiency and a rough-running engine. If the CN 
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