
 

Advances and Applications in Mathematical Sciences 
Volume 21, Issue 4, February 2022, Pages 1957-1963 
© 2022 Mili Publications, India 

 

2020 Mathematics Subject Classification: 34Bxx; 76-10; 80A30. 

Keywords: Mathematical modelling, Homotopy perturbation method, Chemical reaction system, 

Initial condition.  

Received November 2, 2021; Accepted December 27, 2021 

THEORETICAL ANALYSIS OF CHEMICAL  

REACTIONS SYSTEM USING HOMOTOPY 

PERTURBATION METHOD 

I. ATHAL and M. K. SIVASANKARI 

Assistant Professor 

Department of Mathematics 

PSNA College of Engineering and Technology 

Dindigul, Tamilnadu, India 

E-mail: athalbabloo@psnacet.edu.in  

Assistant Professor 

Department of Mathematics 

Pasumpon Muthuramalinga Thevar College 

Usilampatti, Tamilnadu, India 

E-mail: sujipriya18@rediffmail.com  

Abstract 

This study uses mathematical approaches to describe a chemical furnace and the reaction 

suction system. Energy absorption equipment and chemical kinetics are used in chemical 

processing plants worldwide. For simulation, optimization, and scale-up in the process/chemical 

engineering field, precise modelling of chemical reactors and reactive absorption systems is 

essential. Chemical furnaces and reactive absorption systems must be accurately modelled for 

simulation, optimization, and scale-up in the process/chemical engineering discipline. The 

Concentration specification is obtained using an efficient, simple, and precise homotopy 

perturbation method (HPM) to solve differential equations. The approximation analytical 

results are generally preferred using a set of unknown parameters found by applying the initial 

conditions. 

1. Introduction 

Chemical reactants and absorbers are essential components of chemical 
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reactions. At different scales, the reactors could be ideally (continuous 

stirred-tank reactors and plug flow reactors) or non-ideal. Only a few 

variables determine reaction kinetics and reactors efficiencies, such as 

temperature, pressure, and concentration [1]. Kinetics deriving from the law 

of mass action, such as Michaelis-Menten kinetics or Hill kinetics, are crucial 

in chemistry and biology [2-7]. Mathematical models based on mass-action 

kinetics are widely used in chemistry and biology [8-11]. The analytical 

formulation of the current generated by the electrochemical reaction in a 

porous rotating disc electrode was developed by Visuvasam et al. [12]. Ravi 

Kanth and Aruna created the DTM to solve linear and non-linear Klein-

Gordon equations, demonstrating that the method is computationally 

efficient and accurate [13]. The functional model’s sensitivity analysis finds 

the most (or least) factors to the modelling result [14]. The researchers are 

developing a numerical method for determining the model's parametric 

identifiability, including model estimation criteria and approaches for the 

difference attributed to and lower the kinetic model’s size [15]. A kinetic 

model’s sensitivity analysis entails identifying how much the function 

depends on the variation of a given parameter and which parameters are 

critical to the model and which have a minor impact on the solution when 

changed [16-18]. 

The Variational Iteration Method (VIM) [19], the Adomian Decomposition 

Method (ADM) [20], the Homotopy Analysis Method (HAM) [21], the 

Harmonic Balance Method (HBM) [22], the Homotopy-Perturbation Method 

(HPM) [23], the Haar wavelet quasi linearization method [24], and the Haar 

wavelet operational matrix method [25] are some well-known methods for 

finding numerical and analytical series solutions for nonlinear problems. 

Although nonlinear analytical techniques are constantly improving, they are 

still insufficient for mathematicians and engineers. 

To the best of our knowledge, HPM has not yet been used to solve 

challenges in chemical reaction engineering. This study aims to look into the 

capabilities and performance of nonlinear problems in chemical reaction 

process engineering [26]. This study uses HPM to determine the solutions to 

the governing equations for these instances. The performance of techniques is 

then evaluated in terms of dependability and accuracy by comparing 

approximate results to readily available analytical answers. This 
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communication aims to use the Homotopy perturbation method to develop 

approximate analytical formulations for the concentration profile of a 

chemical reaction. 

2. Mathematical Formulation 

Consider the following reaction as a series-elementary first-order single 

molecule reaction [27]. 

1 1k k
A R S   (1) 

The reaction begins with component A, which has a starting 

concentration of ,0AC  using the kinetic reaction. For the component R, the 

mass balance equation is as follows: [27] 

  0exp 1012  tkCkCk
dt

dC
AR

R   (2) 

Initial condition are 

0,0  RCt   (3) 

The following is the exact results (solution) of the preceding first-order 

linear differential equation (Equation 2): 

    tktk
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Many authors have shown that the homotopy perturbation approach is an 

effective mathematical tool for solving various nonlinear problems [28, 29]. In 

terms of applicability, precision, and efficiency, the HPM is unique. The 

following concentration profile expressions can be obtained by solving eqns. 

(2) and (3) using the homotopy perturbation method. 
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3. Results and Discussion 

This approach is used to solve the chemical kinetics problem in this 

study. The homotopy perturbation method is used to obtain approximate 

analytical results (solution) for the first-order differential equation. The 

behavior of the approximate solutions of the concentration  tCR  using the 

homotopy perturbation method (HPM) with those values obtained by the 

analytical method is given in Figures 1 and 2. 

The Approximate analytical results and exact results of concentration of 

 tCR  for fixed values for 21 k  and 1.01 k  in figures 1 and 2, it can be 

seen that as t increases, the graph does not change; thus, the value of t is 

limited. The consideration of concentration  tCR  was depicted in these 

diagrams. It’s worth noting that as the parameter values increase, the 

concentration level decreases. 

 

Figure 1. The Approximate analytical results and Exactresults of 

Concentration of  tCR  for fixed values for .21 k   
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Figure 2. The Approximate analytical results and Exactresults of 

Concentration of  tCR  for fixed values for .1.02 k  

4. Conclusion 

The homotopy perturbation approach has been used to solve a system of 

ordinary differential equations representing one of the mathematical models 

of chemical reaction systems in this study. When compared to exact solutions, 

the approximate analytical solution is highly accurate. It is efficient in 

computer power/memory usage and does not require tedious calculations. It 

appears that the homotopy perturbation method is very accurate to use and 

produces reliable results. The maximal error remainders decreased as the 

number of iterations was increased, as shown in the figures.  
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