
NUMERICAL SIMULATION OF THE INFLUENCE OF THE ATOMIZATION VELOCITY ON THE LIQUID HYDROCARBON FUEL’S COMBUSTION
Askarova A.S.

Al-Farabi Kazakh National University, Physics and Technology Department;

Tole bi 96, 050012, Almaty, Kazakhstan, e-mail: Aliya.Askarova@kaznu.kz.

Ryspayeva M.Zh.

Al-Farabi Kazakh National University, Physics and Technology Department;

Tole bi 96, 050012, Almaty, Kazakhstan, e-mail: Maiya.Ryspayeva@kaznu.kz

Voloshina I.E.

Al-Farabi Kazakh National University, Physics and Technology Department;

Tole bi 96, 050012, Almaty, Kazakhstan, e-mail: Irina.Voloshina@kaznu.kz
1. INTRODUCTION

The numerical simulation of liquid hydrocarbon fuel’s combustion is widely studied now by the scientists of the world. Increasing level of ecological pollution of the environment, reserve depletion of hydrocarbon fuel and economic growth of many countries causing increase of demand for energy - all these factors gave rise to the problem of finding of more economic and ecological way of fuel combustion [1].

In order to solve this problem it is necessary to study thoroughly the combustion process itself and that is why the methods of numerical simulation are getting wide spread in the science. The turbulence plays great role in many devices using combustion process and its study is maybe one of the most complicated sections of hydrodynamics. It is also necessary to take into account additional factors such as various chemical reactions and radiation [2]. 

Thus, computer simulation becomes more and more important element of study of combustion process and of designing different installations burning liquid fuel. It can be forecasted that the role of the numerical experiment will increase in future. 

The purpose of this work is to study the influence of liquid fuel spray velocity on the fuel combustion by means of numerical simulation on the basis of the solution of differential equations of turbulent reacting flow.
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2. MAIN BODY


We have studied (C14H30) tetradecane’s combustion depending of the spray velocity. Tetradecane is the main component of diesel fuel. It’s used in passenger, freight and private vehicles. Liquid fuel is injected into the combustion chamber through a circular nozzle, located in the center of the bottom of the chamber. The chamber is cylinder with height equal to 15 cm and diameter is 4 cm. After the injection there is a rapid evaporation of fuel and the combustion is in the gas phase. The burning time of fuel is 4 ms. Time of injection of fuel droplets is 1.4 ms. The temperatures of the walls of the combustion chamber is 353 K. The initial temperature of gas in the chamber is 900 K. The temperature of the injected fuel is 300 K. The initial mean radius of injecting drops is 3 micrometers. The pressure in the combustion chamber is 4•106 Pa.


In the work the dependence of maximum temperature of fuel combustion from atomization velocity has been obtained. Liquid fuel atomization velocity was ranging from 150 to 350 m/s. It has been found out that at low velocities of liquid fuel spray the process of combustion does not occur. Tetradecane has been an object of research and its chemical formula has the following form as С14Н30.

3. RESULTS

As the result of the conducted numerical experiments it has been determined that minimal velocity of liquid tetradecane’s atomization is equal to 200 m/s. This velocity is enough for the combustion to take place in the burner chamber. The most effective combustion proceeds at the velocity of the injected fuel varying from 260 to 320 m/s, under these conditions temperature reaches values from 2023 К to 2048 (fig.1). Figure 2 shows the dependence of the distribution of CO2 concentration on the rate of injection.  The highest concentration of CO2 ranges from 0.115 to 0.117 g/m3 and the velocity of the injected fuel varying from 270 to 320 m/s. When the rate of injection equals 260 m/s the concentration of CO2 reaches the minimum value of 0,114 g/m3.

4. CONCLUSIONS


In this work the influence of the atomization velocity of liquid tetradecane on its combustion has been studied. The distributions of maximum temperature and of CO2 concentration depending on the atomization velocity, time distributions of the fuel, CO2, H2O concentrations and temperature of the gas in the burner chamber for the effective velocity have been obtained. Also the change of maximum temperature in the burner chamber depending on the velocity of the injected liquid fuel has been obtainedd.
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List of Figures
Figure 1. Change of maximum temperature in the burner chamber depending on the velocity of the injected liquid fuel.

Figure 2. The dependence of the distribution of CO2 concentration on the rate of injection tetradecane.

Figure 1. A.S.Askarova
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Figure 2. A.S.Askarova
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