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Abstract. We consider a mathematical model of the laminar process of 

vibration combustion proposed recently. It allows us to simulate detonation 

and deflagration modes, the occurrence of which occurs depending on the 

structure of the standard chemical potential. For simplicity of presentation 

and analysis, we consider a one-dimensional mathematical model 

formulated for the reduced dimensionless variables for the case of a two-

component mixture. The obtained numerical results are presented and 

discussed.  

1 Introduction 
We consider the mathematical model of the laminar process of vibration combustion 

proposed recently in the paper [1]. Currently, there is a great interest in studying these 

processes [1-13]. The mathematical model based on thermodynamic analysis of the 

combustion process. The mathematical model is a boundary value problem for a closed 

nonlinear system of second-order differential equations. It allows us to simulate detonation 

and deflagration modes. For simplicity of presentation and analysis, we consider a one-

dimensional mathematical model formulated for the reduced dimensionless variables for 

the case of a two-component mixture. The obtained numerical results are presented and 

discussed, which allow us to conclude that one of the two modes occurs.  

2 Problem formulation 
We consider the closed mathematical model of the laminar vibration combustion process of 

a two-component mixture formulated in the reduced dimensionless variables [1] 
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2010 )1( vncnvcV ��� is the average velocity of the mixture, v1 is the  velocity of the first 

component,  v2 is the  velocity of the second component, P is the pressure, T is the 

temperature of the mixture, ρ is the density,  E is the internal energy and S is the entropy. 

   We consider the problem for one-dimensional case for ]1,0[�x with the following 

boundary conditions    
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   For numerical solution problem we use the finite-difference method of second order.  

3 Numerical results
The simulations were performed with the standard chemical potential μ0(T) of various 

structure. At first we consider the following case of μ0(T).  
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   In the figures 1-8 we can see the evolution of solution components and some process 

characteristics. The time cross sections are 0, 0.002, 0.004, 0.01 and 0.015.   
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Fig. 1. The evolution of the density ρ(ti,x), t0=0, t1=0.002, t2=0.004, t3=0.01, t4=0.015 

 

 
Fig.2. The evolution of the velocity  v1(ti,x), t0=0, t1=0.002, t2=0.004, t3=0.01, t4=0.015 

 

 

Fig. 3. The evolution of the velocity v2(ti,x), t0=0, t1=0.002, t2=0.004, t3=0.01, t4=0.015 
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Fig. 4. The evolution of temperature T(ti,x), t0=0, t1=0.002, t2=0.004, t3=0.01, t4=0.015 

 

 

Fig. 5. The evolution of internal energy E(ti,x), t0=0, t1=0.002, t2=0.004, t3=0.01, t4=0.015 

 

Fig. 6. The evolution of n(ti,x), t0=0, t1=0.002, t2=0.004, t3=0.01, t4=0.015 
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Fig. 7. The evolution of pressure P(ti,x), t0=0, t1=0.002, t2=0.004, t3=0.01, t4=0.015 

 

Fig. 8. The evolution of entropy S(ti,x), t0=0, t1=0.002, t2=0.004, t3=0.01, t4=0.015 

 

   In the fig. 9, 10 we can see the comparison the evolution the pressure and entropy for the 

first case of the standard chemical potential μ0(T) and for the following  standard chemical 

potential (the second case) 
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Fig. 9. The evolution of pressure S(ti,x), for two structure of the chemical potential  

 

 
 

Fig. 10. The evolution of entropy  S(ti,x), for two structure of the chemical potential  

 

 

The time cross sections are 0, 0.002, 0.004.  Here we can see that the different combustion 

modes are determined by various structures of the standard chemical potential μ0(T).  

4 Conclusion
We consider the mathematical model of the laminar process of vibration combustion 

proposed recently. The numerical solutions were performed with the standard chemical 

potential μ0(T) of various structure. The numerical results are presented and compared. So, 

the different combustion modes are determined by various structures of the standard 

chemical potential μ0(T). The study of the process based on nonequilibrium phase 

transitions [14-20] is the subject of the following article. 
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