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Annotation. The relevance of the problem of reducing energy costs for gas cooling 
at compressor stations of main gas pipelines is determined by the high energy intensity 
of cooling plants. The article deals with the energy performance of gas cooling units with 
discrete and continuous speed control of air cooling fans. The method of estimation of in-
crease of power efficiency at use of continuous regulation is developed. The estimates 
of electricity consumption in the assumption of a harmonic law of change of temperature 
of external air during the day, the results of calculations allow us to estimate the energy 
saving potential, and can be used to predict energy consumption. 
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SIMULATION OF ELECTROMAGNETIC AND THERMAL PROCESSES 
IN AN INDUCTIVE CRYSTALLIZER OF SILICON 

A.A. Bazarov, A.A. Navasardyan  
Samara State Technical University 
244, Molodogvardeyskaya st., Samara, 443100, Russia 
 
Abstract. This publication describes a set of questions on computer simulation 
of electromagnetic and thermal processes in an induction crystallizer of a silicon melt, 
in which forces are created between the melt and the inductor coil, compressing a column 
of liquid material and preventing direct contact of the melt with the crucible walls. In the 
well-known induction systems using electromagnetic pressure on the molten metal, the pa-
rameters of the inductor are chosen for crystallization so that with sufficient force there 
will be no increase in temperature due to internal heat sources. The solution to this prob-
lem is achieved by reducing the frequency of the current. Heat removal mainly occurs 
through contact with a water-cooled support surface. 
The aim of the work is to determine the process parameters at which the formation of the 
required electromagnetic force on the wall of the melt takes place, taking into account the 
sharp decrease in current density at the interface between the solid and liquid phases of 
silicon. Silicon in a liquid state has a low value of electrical conductivity, which is reflect-
ed in the reduction of currents. Mathematical modeling of thermal processes in the melt 
takes into account the process of transition from a liquid to a solid state with the release of 
heat of melting. The use of built-in mathematical tools in the software package allows for 
the correct selection of the finite element mesh and parameters of the procedure for ap-
proximating the crystallization process by obtaining a local change in the specific heat ca-
pacity to obtain the temperature distribution in space during the movement of the crystalli-
zation front. 
In determining the parameters of induction crystallizers, the temperature dependences of 
the thermophysical properties were used. Investigations of the implementation of the in-
ductor, allowing to cover the entire volume of the melt or its part under the condition of 
continuous movement after solidification of the metal, which is accompanied by a change 
in the electrical conductivity of silicon and the power of internal heat sources. The results 
of the study showed the possibility of using the mold at different ratios of the height and 
diameter of the melt column, and the cooling intensity. The efficiency of the process for sil-
icon increases with decreasing height and increasing the radius of the melt column. 
 
Keywords: induction heating, crystallization, silicon, finite element method, electromag-
netic casting. 
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DEVELOPMENT AND RESEARCH OF A THREE-PHASE INDUCTION 
DEVICE FOR HEATING AND MIXING LIQUIDS 

A.I. Danilushkin, V.A. Danilushkin, M.A. Maximova, D.V. Surkov  
Samara State Technical University 
244, Molodogvardeyskaya st., Samara, 443100, Russia 

Abstract. The questions of the development of design and operating parameters of a three-
phase induction device combining the functions of heating and mixing viscous liquids, in 
particular oil and viscous oil products, are considered. Specific features of the process of 
transporting viscous fluids through pipelines are noted. It is shown that the high viscosity 
of the pumped fluids leads to high energy costs. One way to reduce energy consumption is 
to heat the liquid before transporting it. To increase the intensity of heat transfer between 
the pipe wall and the heated fluid stream, an induction device built into the pipeline system 
is proposed that simultaneously performs the function of driving the rotation of the mixer 
wheel and the heating device. The results of a numerical calculation of the electrical pa-
rameters of the device are presented. It is shown that the power supplied to the inductor is 
distributed into two flows - the power of internal heat generation in the rotor wall and the 
power of rotation of the rotor. The relationship between the thermal energy released in the 
rotor wall and the energy used to rotate the rotor on the frequency of rotation of the induc-
tor field is established. Calculations showed that an increase in frequency leads to an in-
crease in the fraction of power for heating, and a decrease in frequency leads to an in-
crease in torque. The resulting conclusion allows you to use the frequency to select the ef-
fective mode of operation of the mixer. The proposed device is advisable to use in multi-
section heating systems in order to optimize the design and operating parameters of a mul-
ti-section heater. 

Keywords: induction heating, mathematical model ,pipeline transport, viscosity, current 
density, power, temperature, torque 
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MATHEMATICAL MODEL OF THE SHORT CIRCUITING PROCESS 
IN THE ELECTRICAL POWER NETWORK WITH THE CURRENT-
LIMITING DEVICE BASED ON LIQUID METAL SELF-HEALING FUSE 

.V. Kuznetsov, Y.P. Yurenkov  
 

Ulyanovsk State Technical University 
32, Severniy Venets str., Ulyanovsk, 432027, Russia 
 
Abstract. The paper claims that fast response and current-limiting properties of the liquid 
metal self-healing fuse are of  interest  regarding their using in power supply systems. 
However, the level of researches, both in our country and abroad, does not allow us to 
proceed with the development of production prototypes of liquid metal self-healing fuse. 
Further research is necessary. 
To investigate the short-circuiting process in the alternating current mains, a mathemati-
cal model is proposed, which, compared to the known one, allows to investigate the cur-
rent-limiting properties of liquid metal self-healing fuse more carefully  for removing 
short-circuiting current, alike a current-limiting reactor. The model includes resistance of 
the electric arc during the switching process. The period of arcing can be divided into in-
finitesimal sections, the arc resistance at each one is assumed to be linear. 
The results of the calculation are presented in the form of oscillograph records. The analy-
sis of calculated oscillograph records allows us to state that the nature of current changes 
in the electric circuit with the liquid metal self-healing fuse is in full accordance with the 
main provisions of electric circuit theory, and the mathematical model adequately shows a 
clear picture of the short-circuiting process.  
The comparison of calculation results with the oscillogram  received from the experiment 
shows their complete identity, which confirms the adequacy of the proposed mathematical 
model to physical processes in the short circuit with the liquid metal self-healing fuse. It is 
recommended to use the model to determine the requirements for protection device param-
eters based on the liquid metal self-healing fuse during their development, design and op-
eration.    

Keywords: electricity supply system, mathematical model, protection gear, process a short 
circuit, liquid metal self-healing fuse, liquid metal current limiter. 
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