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similarity conditions were satisfied for the Nusselt number 
(Nu); it was necessary to maintain the Weber number 
(We) for dynamic similarity of fluid flows; for an accurate 
description of the stirring process, modified Euler (Eu), 
Reynolds (Re) and Froude (Fr) criteria were applied [14, 
15]. The ratio of the density and melting temperatures 
of the molten metal and the alloying additive achieves 
compliance with these criteria. The average density and 
melting temperatures of deoxidizers and alloying additions 

used in the production of alloyed steels were taken from 
the study reported in [16].
Considering the availability of the source materials and the 
specificities of performing low-temperature modelling, 
water was chosen as the substance to simulate liquid steel 
and ice coloured with a green food dye (15 ml water and 
0.07 g dye) to simulate ferroalloys. The comparison of the 
main physical parameters of the substances in the real and 
the model systems is presented in Table 1.

Model System Real System

Density of water, kg/m³ 997 Density of liquid steel, kg/m³ 7000

Density of ice, kg/m³ 916 Ferroalloy density*, kg/m³ 6970 - 6372

Melting point of ice, °C 0 Melting point of ferroalloy*, °C 1450 - 1500

Temperature of water, °C 25 Temperature of liquid steel, °C 1550 - 1650

Thermal conductivity of ice, W/(m·K) 2.22 Thermal conductivity of ferroalloy, W/(m·K) 20 - 24

Thermal conductivity of water, W/(m·K) 0.57 Thermal conductivity of liquid steel, W/(m·K) 46.5

Specific heat capacity of ice, J/(kg·K) 2140 Specific heat capacity of a solid ferroalloy, J/(kg·K) 460

Specific heat capacity of water, J/(kg·K) 4180 Specific heat capacity of liquid steel, J/(kg·K) 840

Tab.1 -Basic physical parameters of substances in the model and real systems.

* - averaged data from [16].

Considering that the difference between the melting 
temperatures of ferroalloys and steel is about 50°C, and the 
temperature between ice and water is 25°C, the obtained 
indicators for this parameter should be reduced by 2 times. 
In addition, the density ratio of liquid steel to water, which 
is 7000/997 ~ 7, must be considered. Thus, the real-time 

scale for modelling will be 3.5:1 (all processes in the model 
will occur approximately 3.5 times faster than in the real 
furnace).
To assess the speed of metal phase movement in the 
crucible of an induction furnace, the term stirring index (SI) 
is used [17], which can be calculated by the Eq. 1

(1)

kW is the power of the induction furnace, kW;
f – operating frequency, Hz;
D – diameter of the furnace crucible, m;
SG – specific density of liquid metal in the inductor, kg/m3;
ρ – resistivity of metal in the furnace crucible, μΩ·cm;
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According to the data presented in Fig. 2, it can be concluded 
that the optimum radial position for introduction into the 
induction furnace crucible is a distance greater than 1/2 of 
the radius from the crucible wall. In cases where it is less 
than 1/4, the ferroalloy is “forced” to the wall by flows or 
holding it on the surface, which increases the time for the 
melt to absorb the ferroalloy and creates conditions for 
significant oxidation of its constituents by atmospheric 
oxygen. When ferroalloys are introduced into the specified 
area (more than 1/2 of the radius), they are captured by the 
liquid phase flows and introduced into the melt volume. 
This leads to rapid dissolution of the ferroalloy fragment in 

the melt volume, preventing oxidation of its constituents 
by atmospheric oxygen. Centre introduction reduces the 
dissolution rate of the ferroalloy fragment, possibly due to 
upward flows at the centre of the model, which slows down 
its capture by the volume.
To evaluate quantitatively the effectiveness of different radial 
positions for introducing ferroalloys into the induction 
furnace crucible, a dependence of the time of dissolution 
of the ferroalloy fragments and the time of homogenization 
of the liquid phase on the insertion distance from the wall 
was built using averaged data (Fig. 3). 
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Fig.3 - Dependence of the dissolution time of the ferroalloy fragment and homogenization of the liquid phase on 
the place of ferroalloy introduction, obtained from the results of low-temperature modelling based on averaged 

experimental data.

From the data it can be concluded that there is an optimum 
radial place for introducing ferroalloys into the crucible, 
which is at a distance from the wall of 1/2 of the crucible 
radius. In this case, the processes of dissolution and 
redistribution in the liquid phase are coordinated by the 
organization of the hydrodynamic flows in such a way that 
they keep the ferroalloy fragment in the volume of the 
liquid phase. When the ferroalloy fragment is introduced 
closer to the crucible wall, melting occurs at the surface of 
the liquid phase, and redistribution in the melt volume is 
significantly difficult because of the presence of a stagnant 

zone.
The results of determining the hydrodynamic characteristics 
(dominant trajectories) of the interaction of the ferroalloy 
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