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Abstract: We investigate the law of exhaust gases in order to control the pollution that is increasingly present in our daily 

lives. Pollution is a degradation of the environment by non-natural materials in several environments constituting our universe. 

Thus, it intervenes as well in water, in the air as in the soil. It is mostly due to human activities, especially in urban areas and 

industrial areas, and the massive use of automobiles based on gasoline engines. The results show that this pollution is due in 

part to the existence of the mass and thermal discontinuity characterized by shock waves which occur during the evaporation 

process, precursor of the incomplete combustion in the combustion chamber of the engines [1, 2]. By analytical approach, we 

establish in this paper the law ϕ of the exhaust gases in poor and rich reaction media during combustion in the combustion 

chambers of gasoline engines in order to propose the ranges of adequate proportions of additive elements to the petrol. These 

engines, when operating, release various gaseous pollutants such as: carbon dioxide, oxides of carbon and nitrogen, unburnt 

hydrocarbons, which undoubtedly contribute to the nuisance and pollution of our environment. 
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1. Introduction 

The successive tightening of the regulation regulating 

polluting emissions has made it possible to reduce 

significantly the contribution of the automobile to air 

pollution, despite the perpetual growth of its fleet. For 

manufacturers, research on the reduction of polluting 

emissions has become a priority in the development of future 

vehicles. The use of exhaust after treatment devices such as 

catalytic converter, NOx trap or particulate filter reduces 

polluting emissions, but these will be insufficient to meet 

future standards. An effort is therefore needed to limit the 

formation of pollutants at the source, i.e it is necessary to 

improve combustion efficiency [3]. 

The air pollution due to the substances emitted by gasoline 

engines are very numerous and form, a true cocktail of 

pollutants in the air (Oxides of carbon (CO and CO2), oxides 

of nitrogen (NOx), Volatile Organic Compounds (VOCs), 

including hydrocarbons, particulates, heavy metals, 

tropospheric ozone). The pollutants mentioned above 

distinguish those contained in exhaust gases or from vehicles 

and the roadway or exhaust gases or evaporated from fuels 

on the one hand. On the other hand, we can distinguish 

directly emitted pollutants which are called primary 

pollutants; some of these photochemical pollutants, also 

called secondary pollutants.  

To understand the formation and dispersion of pollutants, 

we note that carbon monoxide, a potent toxicant can block 

the fixation of oxygen by red blood cells (anoxia), is emitted 

during the incomplete combustion of hydrocarbons: 

Combustion, carbon is first oxidized to carbon dioxide (CO2). 

If a new carbon atom is added to this molecule, under 

certain conditions of temperature and pressure, two carbon 

monoxide (CO) molecules are formed. If there is sufficient 
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oxygen present, the monoxide oxidizes again to carbon 

dioxide. If a carburetor is improperly adjusted, the lack of 

oxidant causes the production and emission of exhaust gases 

with higher CO "[4], ie carbon dioxide is emitted when there 

is combustion of hydrocarbons, whereas carbon monoxide is 

emitted essentially when this combustion is incomplete. 

The catalytic converter allows, among other things, the 

oxidation of toxic carbon monoxide to carbon dioxide, much 

less dangerous. The diffusion of carbon monoxide is very 

rapid. It disappears rapidly as soon as one moves away from 

a source of emission [5]. This is because carbon monoxide 

has a density close to that of air. 

The oxides of nitrogen (NOx), nitrogen (N) and oxygen 

(O) react under the conditions of high temperatures and 

engine pressures to form nitrogen monoxide (NO). Once 

released to the atmosphere, nitrogen monoxide oxidizes to 

form nitrogen dioxide (NO2) [6]. Monoxide is the most 

abundant in the atmosphere, accounting for about 95% of 

emissions. The nitrous oxide (N2O) is generated by the 

nitrogen present initially in the fuels; active in the 

troposphere, it is an active agent for attacking the 

stratospheric nitrogen layer [6, 7]. 

Volatile organic pollutants are also found. These organic 

pollutants consist of carbon and its combinations; among 

which are noted the hydrocarbons which are binary 

compounds consisting of carbon and hydrogen. Volatile 

organic pollutants are emitted either by evaporation at the 

pump, at the carburetor and reservoir (caused by temperature 

fluctuations), or by loss (splashing at the pump or level of the 

tank) exhaust. The specific composition of emissions of 

volatile organic pollutants, whether produced by combustion 

or evaporation, varies very strongly depending on the fuels 

and their additives. This is why gasoline or other fuel 

vehicles give different emission spectra. However, total 

emissions of volatile organic pollutants are equivalent 

because, if diesel vehicles emit much less volatile organic 

pollutants per kilometer, their releases contain a high 

concentration of the most reactive volatile organic 

compounds (aromatics, aldehydes and olefins) That diesel 

engines contribute significantly more to nitrogen formation 

[9]. 

Hydrocarbons often in the operation of gasoline engines, 

those polycyclic aromatics, are the most dangerous for health 

as carcinogens. These aromatic hydrocarbons consisting of 

several benzene rings (2 to 6 or 8) joined in various forms. 

The majority of polycyclic aromatic hydrocarbons originate 

from pyrolysis processes and in particular from the 

incomplete combustion of organic materials or carbon 

compounds [7]. 

Polycyclic aromatic hydrocarbons are mostly adsorbed on 

carbonaceous particles. They are also detected in the gaseous 

phase, in particular in the exhaust gases of gasoline engines; 

In this case, polycyclic aromatic hydrocarbons with the 

lowest molecular weight (up to 3 cycles), which are called 

light polycyclic aromatic hydrocarbons. Among the 

polycyclic aromatic hydrocarbons, benzo (a) pyrene is the 

most studied because it is particularly dangerous for health 

[8]; It is emitted at practically the same rate by a gasoline 

vehicle [7]. 

Monocyclic aromatic hydrocarbons as Benzene, Toluene, 

Ethyl benzene and Xylene are monocyclic aromatic 

hydrocarbons. They are unburned hydrocarbons. Benzene is 

produced from the dealkylation of aromatics, so that even if 

its content is limited in the fuels, the presence of the aromatic 

compounds leads to its formation. Monocyclic aromatic 

hydrocarbons are the main volatile organic pollutants emitted 

by gasoline-powered traffic, especially since the introduction 

of new anti-detonators, aromatic hydrocarbons replacing 

tetraethyl lead. Monocyclic aromatic hydrocarbons are very 

hazardous to health [10, 11]. 

In this paper, the analytical study is carried out from the 

combustion balance equations in the combustion chambers of 

the engines in order to establish the law governing the 

production of exhaust gases. The establishment of this law of 

exhaust gases (φ) will allow, after studying these 

characteristics, depending on the molar fraction of pollutants 

emitted and the richness of the reaction mixture; to propose 

the measures that will allow the control of the gaseous 

pollutants emitted during the operation of gasoline engines. 

The establishment of this law should be possible taking into 

account, on the one hand, the equilibrium constant of the 

couples ( ���/�� ) and ( ��/��� ) because the relative 

concentrations of the products of combustion depend on it 

and, on the other hand, of the balance of oxygen matter. The 

aim of this investigation is to find solution approaches to 

combat gasoline engine exhaust fumes. 

2. Methodology: Analytical Approach; 

Exhaust Laws 

Combustion studies on engines and vehicles frequently 

involve the relationship between the composition of the air-

fuel mixture and the exhaust gas [12]. After complete 

combustion of the fuel, carbon is normally in the form of 

carbon dioxide and hydrogen in the form of water. In reality, 

the composition of the final mixture is always much more 

complex. As a rich mixture, for example, the reaction system 

does not contain enough oxygen to allow full oxidation. In 

addition to the abovementioned species, carbon monoxide 

and hydrogen are formed. In any case, the products obtained 

can undergo a great number of subsequent reactions 

(dissociations, combinations), the degree of progress varies 

with pressure and temperature. Assuming thermodynamic 

equilibrium is reached, it is possible to calculate the final 

composition. In fact, the actual state of the exhaust gases is 

rarely that of equilibrium because several chemical reactions 

leading to this stable state occur with very low velocity and 

are therefore frozen at a certain temperature threshold. In 

practice, these are very complex and, moreover, unrealistic 

calculations are not carried out in view of the freezing. By 

considering only the main products (CO2, CO, H2O, H2, O2 

and N2), it is possible to determine an approximate 

composition of the exhaust gases. The data are then the 
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elemental composition of fuel and wealth; we distinguish 

three cases according to whether the mixture is 

stoichiometric, poor or rich. 

Table 1. Composition of combustion products under conditions of thermodynamic equilibrium. Hydrocarbon CnH2n, temperature 1000K, pressure 1 bar [12]. 

Combustion Products 
Mole fraction 

� = �, 
�  � = �, ��  � = �, ��  

CO2 1,06. 10��  1,31. 10��  1,17. 10��  

CO −  3,99. 10��  3,20. 10��  

H2O 1,06. 10��  1,31. 10��  1,07. 10��  

H2 −  5,74. 10��  4,23. 10��  

O2 3,97. 10��  −  −  

N2 7,39. 10��  7,30. 10��  6,94. 10��  

In a stoichiometric mixture (� = 1,00), the normal combustion products are only CO2 and H2O; their composition are given 

by the equation: 

����� + �1 + �
 −

�
�! "�� + 3,78$�% → ��� + �

���� + 3,78 �1 + �
 −

�
�!$�                                  (1) 

In the lean mixture (� < 1,00), the exhaust gases also contain residual oxygen; the combustion is then written as the following 

equation: 

����� + ("�� + 3,78$�% → ��� + �
���� + �( − 1 − �

 +
�
�!�� + 3,78($�                                     (2) 

With:  

( = "1 + )/4 − */2% �+ 	                                                                          (3) 

In a rich mixture (� > 1,00), CO2, CO, H2O and H2 are formed simultaneously and the combustion equation becomes: 

����� + ("�� + 3,78$�% → .��� + "1 − .%�� + /��� + ��� − /!�� + 3,78($� (4) 

The relative concentrations of combustion products are 

linked by this following equilibrium reaction: 

��� + �� ⇄ �� + ���                            (5) 

In fact, experience shows that the composition of the gas, 

measured at the exhaust, is, in any case, a solidification of the 

previous reaction (equation (5)) at a temperature of about 

1700K, this leads to a value of the equilibrium constant 1 

which is close to 3.8 [12]. 

1 = 234]2674]
2347]267] =

"��8%"9%
8":7�9%

= 3,8                         (6) 

By using the oxygen mass balance, we can write: 

2( + * = 2. + "1 − .% + / = . + / + 1	                 (7) 

It is possible to determine the numerical values of a and b 

and to calculate the relative concentrations of the effluents. 

From the dosage of a reduced number of constituents of 

the exhaust gases, it is possible, taking account of certain 

legitimate assumptions and approximations, to calculate the 

richness T of the initial mixture. Several methods have been 

proposed [12]; one of the most used, "total CO2", consists of 

carrying out a carbon assessment. 

From equations (2) and (3), we obtain in a lean mixture: 

; = �<<
�=�>=?7���

:
@!=A,�B>

	                                   (8) 

After simplification, equation (8) becomes: 

; = �<<
 ,�B>="?7�

:
@%
		                                         (9) 

And in rich mixture: 

; = �<<
�=�:7�9!=A,�B>

		                                     (10) 

In the case of the lean mixture, the following equation is 

obtained after demonstration: 

� =  ,�BC"�=:@�
?
7%

�<<=C":@�
?
7%
	                                       (11) 

It is the law of exhaust for a poor mixture. This law, 

considering equation (10), becomes after demonstration for a 

rich mixture: 

� = A,�BC"�=:@�
?
7%

�<<�C="9�:7%
                                    (12) 

The determination of the expression of / makes it possible 

to completely determine the expression of the law of escape 

for a rich mixture. Taking into account equation (6) reported 

in equation (7), we obtain /  that, it is the solution of the 

following equation: 

2,8/� − D/ + E = 0                                 (13) 

when: 
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F D = 3,8() + 1,9)* − 1,9)
E = 5,6( + 2,8* + 1,9) − 1,8                    (14) 

/ being unique and positive then its value is determined 

when the following condition is fulfilled: 

E� = 11,2D	                                (15) 

We obtain after calculation: 

/ = ( + 0,5* + 0,34) − 0,32	                (16) 

Finally, equation (16) in equation (12) gives the exhaust 

gas law for a rich mixture by the following equation: 

� = �<<�C�<,�G�=<,H��<,A�
"�=<,�H��<,H�%"A,�BC��%	                    (17) 

This exhaust gas law, which characterizes the proportion 

of gaseous pollutants escaping during the operation of 

gasoline engines, should be mastered when its function is 

tending rapidly towards a horizontal bearing. The control of 

this law will thus better allowed to control the rate of 

pollutants emitted into the environment. 

3. Results Discussion 

 

Figure 1. Characteristic of the law of the exhaust gas versus the richness of 

the reaction mixture and the molar fraction of pollutant (Poor mixture). 

 

Figure 2. Characteristic of the law of the exhaust gas depending on the 

richness of the reaction mixture and the molar fraction of pollutant (rich 

mixture). 

The figure 1 corresponds to the graphic representation 

obtained by plotting the exhaust gas law concerning when the 

reactive mixture is poor and the figure 2 when the reactive 

mixture is rich. Analyze of these figures allowed us to 

understand how and when they can be easily possible to 

control the environment degradation due to the emitted 

pollutants during the engines operation. First, on the one 

hand, it can be seen from the analytical study according to 

FIG. 1, that the evolution of the exhaust gases law depends 

on the richness of the reaction mixture and the molar fraction 

of pollutant. When the mixture is lean, the level of pollutant 

emitted during the operation of gasoline engines is 

controlled, especially since the characteristics of the law in 

this case tend asymptotically towards a fixed pollutant rate 

that is between 4.5 and 5%. Knowing the limit of the 

pollutant rate value could help to predict the appropriate rate 

of the reaction mixture richness. On the other hand, when the 

mixture is rich (FIG. 2), the pollutant level emitted during 

operation of the gasoline engine is practically zero, however, 

we note a peak pollutant emission when the rate of the 

mixture's richness is around 22%. We could also remark that 

after this rate corresponding to the peak of pollutant, when 

the richness of the reaction mixture remains higher than 

22.5%, the pollutant emitted during the operation of the 

engine remains virtually nil. Nevertheless, it would be more 

economical and cheaper, to fix the proportion of the richness 

of the reaction mixture already around a value which is lower 

than that corresponding to the peak polluting emission 

(22%). 

4. Conclusion 

We note in this paper that in order to control the level of 

pollutant emitted during the combustion process when the 

gasoline engines are operating, it would be enough, on the 

one hand, when the mixture is poor, to use some additives in 

a reasonable proportion at around 4.5%. K. Boussouara [13] 

proposes that nitrous compounds or peroxides used as 

additives in small quantities would introduce already 

oxidized and unstable molecules which would substantially 

lower the level of pollutants emitted. On the other hand, 

when the mixture is rich, it would simply be necessary to 

control the value of the richness of the mixture, which should 

always be below 22%. 
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