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______________________________________________________________________________________________ 

ABSTRACT 

The control of the air-fuel ratio (AFR) is critical for the efficiency of the combustion. This is for achieving the better performance 

of the plant and result in high output energy. Different parameters influence AFR. This paper models AFR as a function of the 

inlet temperature, density, and pressure. Formulated models have been checked using recorded data from the site. The results 

show that the AFR increases by 1.5 units as the pressures of the gas increase by 0.6 bars but when it reaches 2.9 bar, AFR starts 

to decrease, 0.9% of the increase of the density leads to the decrease of the AFR of 0.4 in average. 3.5
o
C rise of inlet temperature 

lift the AFR by 0.2; however, it starts to decrease when the temperature reaches 78
o
C.  
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________________________________________________________________________________________________________ 

1. INTRODUCTION 

The combustion within the boiler burns fuel to create heat energy. The burning of fuel is the reaction of fuel with oxygen present 

in the air. The amount of fuel that can be burnt is limited by the oxygen in the cylinder [1]. Once all the fuel is not burnt at all, 

some of it stays in the boiler and other quantity of flue gases goes to the atmosphere. This is the loss that causes small efficiency at 

some time abuses our environment [2]. It is therefore important to maintain AFR at optimum. 

By definition, AFR is the fraction of air mass and the fuel mass. Different researchers like A. Marjanovi et al [3], S. Mcallister [4], 

H. Audai H and N. Jamal [5] among others have been conducted considering the quantification of the air composition and the fuel 

composition. This is very important however other variables can alter the behavior of the AFR. 

M.C. Janus et al [6],[7], Hadyan Fahad [8], Luo Chao et al [9], Liang et al [10], have all searched on the contribution of the 

temperature, the density, and the pressure and found that there are their influences on the combustion as well as the AFR, 

However, they didn’t estimate the how much they contribute. It is important to know how much any of its change varies the AFR 

at any kid of the fuel to achieve better combustion for efficient boiler performance. 

  

In this research work the AFR is modeled as a function of the inlet temperature of the fuel and the outlet density of the gases, then 

as a function of the pressure at the entry of the air. 

Section 2, demonstrate the model of the AFR with the variation of the density and the temperature and validate it using 

experimental data from the field. In section 3, the author demonstrates the model of the AFR with the change of the pressure and 

experimental result are presented. In section 4 there is a conclusion, recommendations as well as proposed future work.       

2. CONSIDERATION OF THE DENSITY AND THE TEMPERATURE  

The AFR is modeled by the quotient of the model of the air and fuel. To do that let consider the entry and exit of the particles 

within the boiler and utilize the principle of energy and mass conservation. Analysis of the mass entry and exit in the furnace on          

Figure 1 helps for that analysis 
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2.1. Model formulation 

 

         Figure 1: Entry and Exit of the furnace 

          Figure 1shows that the inputs which vary with time are the fuel and the air. The output is the gas pressure. The general form 

of mass conservation stated by the law of thermodynamics[11] , [12] says that 

  

  
 ( )   ̇  ( )   ̇   ( ) (1) 

  

  
 ( )   ̇  ( )   ̇   ( )   ̇( ) 

 

(2) 

 ( ): the internal energy,  ̇: enthalpy flow and  ̇( ): the heat, under the assumption that there is no heat and mass transfer in the 

walls as well as a change in kinetic and potential energies during the flow.   

Deploying equation (Error! Reference source not found.) considering or both energy and mass, we can have the following 

equations [13]: 

 
  (

 (     )

  
)    ̇     ̇       ̇          

 

(3) 

   : the heat transfer by radiation    : the heat transfer by furnace wall,     : The lower heating value of the fuel,  ̇   is the 

burned fuel mass flow rate,    is the furnace volume,   is the density and   is the enthalpy.  

 ̇     (  
     

 ) 

 ̇       
         

 
 ̇    ̇ (   

 
  )  (4) 

With the conservation of mass, this is the equation resulting from equation (1) 

  
   

  
   ̇   ̇    ̇  

with        , where    is the friction coefficient,    is the pressure inside the furnace.  

 
 ̇    

   

  
  ̇    ̇   (5) 

Inserting (4) in (5) yields 
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Equation (4) shows that maximum mass burned, (    tends to   ), if     tends to the characteristic time constant  . 

2.2.  Analysis of the data collected from the site 

The model is to be validated by comparing measure values with computed using equation (6). and doing that for different plants. 

Data from Jabana II Oil Thermal Power Plant have been used. The density of the gas and the temperature of the fuel at unlet have 

been used to compute the Air Fuel Ratio keeping all other parameters in equation (6) constant. 
  

 ̇ 
 which is the inverse of the 

density of the fuel at the beginning is kept to 2m
3
/kg,      

   and   close to      . 

The results are shown in the figures. 

 

Figure 2: Variation of the Air Fuel Ratio and the Density of the Gas 

 

Figure 3: Variation of the Air Fuel Ratio with the temperature of the fuel 

Error! Reference source not found. shows how the AFR is inversely proportional to the density and Error! Reference source 

not found. shows that the increase of the temperature causes increase of the AFR, however this change has a limit for both the 

density and the temperature. 
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Figure 4: Comparison of measured and Calculated AFR 

Error! Reference source not found. shows that values found by calculating by using the demonstrated equation (6) and the value 

of the AFR measured are close. 

3. CONSIDERATION OF THE PRESSURE  

 

3.1.  Formulation of the model 

This is based on the physical principle of conservation of momentum and mass 

Variation of the pressure is proportional to the mass variation [14] 

   

  
 
 

 
   

 

 
 
  

  
  (7) 

With the assumption that the internal pressure of the furnace somewhat close to the atmospheric pressure (case of perfect/idea 

gasses); where   , V, T, M,  , P represent respectively, the constant of a perfect gas, Volume, Temperature, Mass, molecular mass 

and Pressure.  

 

The airflow    is the sum of the flow of the oxygen    and the nitrogen    : 

           

{
       

  
         

 ,    : the mixture of oxygen and    : the mixture of nitrogen. 

The quantity of the oxygen and nitrogen flow with time depends also on the percentage in the air; so 

 

 

  

  
             

   

   
 
   

   
  

On another hand, the coal or fuel flow in use consists of a mixture of carbon, hydrogen, sulfur, nitrogen, and oxygen (from water 

vapor) in different percentages. The combustion of each of the element of the air produces     ,    ,    , and     . For the case 

of Oxygen, it is negative, since it is present in the air but it doesn’t undergo the combustion process. 

This yields the following 

 

 

 

  

  
             

    

    
 
    

    
 
    
    

 
    

    
 
   

   
 

Using the variation of total mass within the furnace by the fact that both air and the fuel enter but the exhaust    exit, the 

following expression will result. 
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A combination of (7) and (8) gives  
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Finally, the resulting model is found as follows. 

 
    

 

   

  

  
      

  

  
                                                               (9) 

3.2.  The use of the data from the site/JabanaII Oil Power Plant 

 

Figure 5: Variation of the AFR with the pressure of the fuel at unlet 

 

 

 

 

 

 

 

 

 

 

 

 

 

Error! Reference source not found. shows that the increase of the pressure and the temperature causes an increase in the air-fuel 

ratio but it starts to decrease when the pressure becomes higher. 

 
Figure 6: Comparison of Measured and Calculated AFR 
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Error! Reference source not found. shows that values found by calculating by using the demonstrated equation (Error! 

Reference source not found.) and the value of the AFR measured are close. 

4. CONCLUSION 

The increase of the temperature and reduction of the density of the air make the AFR high before it reaches the values at which it 

starts to be small.  Thus, it can take the stoichiometric value to a lean state. It is an advantage in the sense that all the fuel will be 

burned. On another hand, it causes the high nitrogen composition in the exhaust which is negative for the combustion efficiency 

and the successful performance of the boiler. Consideration of the efficiency of the boiler/combustion to optimize the parameters 

for different working fluid of the plant gives the setting of the AFR. Once this is found, the variation of the density, pressure, and 

temperature could be done meeting the AFR that has to be achieved. Next, there will be an investigation of what is the better AFR 

for the cases of thermal power in Rwanda, and build the control method that would stabilize independent variables.       
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