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EXERCISE: Calculations on the Formation of Pollutants in I.C.E (10 Pts)

We consider the combustion of octane (fuel approximated as gasoline):CgHis
Air is composed of 21% O: and 79% N: by volume, giving a ratio:N»>/0>=3.76
We first study stoichiometric combustion, then a rich combustion (A1=0.90) to analyze the
formation of pollutants.
A. Stoichiometric combustion of octane
1. Write the complete stoichiometric combustion equation of octane (producing CO: and H.O
only).
2. Calculate the theoretical amount of oxygen (in moles) required to burn 1 mole of CsHis
3. Deduce the corresponding amount of stoichiometric air (in moles).

B. Rich combustion: 2=0.90
The engine now receives only 90% of the stoichiometric air.
1. Calculate the actual amount of oxygen available.
Since oxygen is insufficient, part of the carbon forms carbon monoxide (CO) instead of
carbon dioxide (CO:). Assume that all hydrogen burns to H-O and all oxygen is consumed.
Calculate:
3. the amount of CO: formed
4. the amount of CO formed
Remarque: forming 1 mole of CO instead of CO: saves 0.5 mole of O..
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SOLUTION

EXERCISE 5 (10 pts)

A. Stoichiometric combustion of octane
1. Complete stoichiometric combustion:
CsHig+12.50, — 8 CO2 + 9 H,O

Including air (N2/O2 = 3.76):

CsHis +12.5(02 + 3.76 N2) —» 8 CO2 + 9 H,O + 47 N,

2. Theoretical oxygen required
12.5 mol O, per mol of CsHis
3. Stoichiometric air requirement

Air=12.5 x 100/21 = 59.5 mol air per mol fuel

B. Rich combustion (A = 0.90)

actual air

stoichiometric air

1. Actual oxygen available:
02=0.90 x 12.5=11.25 mol

Hydrogen oxidation:
9 H,0 formed — 4.5 mol O, consumed

Remaining oxygen for carbon =11.25-4.5= 6.75 mol

QUIZ (10 pts)

10x1=10

Quiz: Pollutants from Internal Combustion
Engines

Question 1

Which pollutant is mainly responsible for
toxic effects on the blood?

A) CO2

B) CO

C) ND) SO:

Answer: B) CO (carbon monoxide)
Question 2

Which pollutant is mainly responsible for the
greenhouse effect?

A) NOx

B) CO
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C) CO2

D) Particulate matter

Answer: C) CO2

Question 3

Nitrogen oxides (NOx) are mainly formed:
A) At low temperature

B) During incomplete combustion

C) At high temperature inside the cylinder
D) During exhaust gas cooling

Answer: C) At high temperature inside the
cylinder

Question 4

Which pollutant is responsible for acid rain?
A) CO:

B) HC

C) NOx and SO2

D) Particulate matter

Answer: C) NOx and SO2

Question 5

Unburned hydrocarbons (HC) mainly come
from:

A) Incomplete combustion

B) Over-rich combustion

C) Excess air

D) Both A and B

Answer: D) Both A and B

Question 6

Which type of engine generally emits more
particulate matter?

A) Naturally aspirated gasoline engine

B) Diesel engine

C) Electric motor

D) Hybrid engine

Answer: B) Diesel engine

Question

Which device mainly reduces NOx emissions?
A) Particulate filter

B) Catalytic converter

C) EGR valve

D) Muftler

Answer: C) EGR valve

Question 8

Which pollutant is carcinogenic and penetrates
deep into the lungs?

A) CO:

B) NO
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Question 9 C) nhll J)/ Jladdl g5 5l Hle
Which fuel produces the least CO2 per unit of | D) 258l <u )
energy? LY C) eanhl J)/ Jladdl g5 adl Hle
A) Gasoline 10 J sl
B) Diesel sz‘: S Glalasy) "’m )LS:J\ Jiaall:
C) LPG / Natural gas A) CO L
D) Fuel oil B) NOx ks
Answer: C) LPG / Natural gas C) HC L
Question 10 D) CO s HC 5sNOx
The three-way catalytic converter acts on: 4LY): D) CO s HC 5 NOx
A) CO only
B) NOx only
C) HC only
D) CO, HC and NOx
Answer: D) CO, HC and NOx
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