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Modeling is an essential and inseparable part of 

scientific work, and many scientific disciplines have 
their own ideas about specific types of modeling. A 
scientific model can provide a way to understand el-
ements easily which have been broken down to a sim-
pler form. 

The COMSOL Multiphysics simulation environ-
ment facilitates all the steps in the modeling process –
defining geometry, meshing, specifying physics, solv-
ing, and then visualizing results. It also serves as a 
platform for the application specific modules. 

In this work the continuous casting process is sim-
ulated using two stationary modes of COMSOL Mul-
tiphysics: General Heat Transfer and Weakly Com-
pressible Navier-Stokes. 

This work simulates the process of continuous 
casting of a metal rod from a melted state.To optimize 
the casting process in terms of casting rate and cool-
ing, it is helpful to model the thermal and fluid dy-
namic aspects of the process. To get accurate results, 
you must model the melt flow field in combination 
with the heat transfer and phase change. The model 
includes the phase transition from melt to solid, both 
in terms of latent heat and the varying physical prop-
erties. 

The model is a two-dimensional axisymmetric 
model in the rz-plane. Figure 1 shows the dimensions 
of the 2D geometry. The underlying reference model 
was originally developed by J. Fjellstedt. 

 
Fig. 1. 2D axisymmetric model of the casting process 

 
As the melt cools down in the mold it solidifies. 

The phase transition releases latent heat. Furthermore, 
for metal alloys, the transition is often spread out over 
a temperature range. As the material solidifies, the 
material properties change considerably. Finally, the 
ЦШНОХ КХЬШ ТЧМХЮНОЬ ЭСО “ЦЮЬСв” гШЧО—a mixture of 
solid and melted material that occurs due to the rather 
broad transition temperature of the alloyand the solid-
ification kinetics. 

The process operates at steady state, because it is a 
continuous process. The heat transport is described by 
the equation: 

   pk T Q C T     u , 
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where k, Cp, and Q denote thermal conductivity, spe-
cific heat, and heating power per unit volume, respec-
tively. 

As the melt cools down in the mold, it solidifies. 
During the phase transition, a significant amount of 
latent heat is released. The total amount of heat re-
leased per unit mass of alloy during the transition is 
given by the change in enthalpy, ǻH. In addition, the 
specific heat capacity, Cp, also changes considerably 
during the transition. As opposed to pure metals, an 
alloy generally undergoes a broad temperature transi-
tion zone, over several kelvin, in which a mixture of 
both solid and molten material co-eбТЬЭ ТЧ К “ЦЮЬСв” 
zone. To account for the latent heat related to the 
phase transition, replace Cp in the heat equation with 
(Cp + įǻH), where ǻH is the latent heat of the transi-
tion, and į is a Gaussian curve given by 
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Here Tm is the melting point and ǻT denotes the 
half-width of the curve, in this case set to 5 K, repre-
senting half the transition temperature span.  

The change in specific heat can be approximated 
by: 
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Here H is the smooth Heaviside step function. 
Here the laminar flowis simulated using the 

Weakly Compressible Navier-Stokes application 
mode. The application mode describes the fluid veloc-
ity, u, and the pressure, p, according to the Navier-
Stokes equations: 
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where ȡ is the density (in this case constant), Ș is the 
viscosity, and ț is the dilatational viscosity (here as-
sumed to be zero). The source term, F, is in this mod-
el used to dampen the velocity at the phase-change 
interface so that it becomes that of the solidified phase 
after the transition.  

The source term follows from the equation 
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where B is the volume fraction of the liquid phase; 
Amush and İ represent arbitrary constants, (Amush should 
be large and İ small to produce a proper damping); 
and ucast is the velocity of the cast rod.  

The fraction of liquid phase, B, is given by 
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Table 1 reviews the material properties in this 
model. 

Table 1. Material properties 
PROPERTY MELT SOLID 
ȡ (kg/m3) 8500 8500 
Cp (J/(molāK)) 530 380 
k (А/(ЦāK)) 200 200 
Ș (Ns/m2) 0.0434 -  

 
Furthermore, the melting temperature, Tm, and en-

thalpy, ǻH, КЫО ЬОЭ ЭШ 1γ56 K КЧН β05 ФJ/(ФРāK), Ыe-
spectively. 

The model uses the parametric solver in combina-
tion with adaptive meshing to solve the problem effi-
ciently. 

The plots in Figure 2 and Figure 3 display the 
temperature and phase distributions, showing that the 
melt cools down and solidifies in the mold region. 
Interestingly, the transition zone stretches out towards 
the center of the rod because of poorer cooling in that 
area. 

 
Fig. 2. Temperature distribution in the lower part of 

the cast at a casting rate of 1.6 mm/s 
 

 
Fig. 3. Fraction of liquid phase in the lower part of 

the cast at a casting rate of 1.6 mm/s 
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With the modeled casting rate, the rod is fully so-
lidified before leaving the mold. This means that the 
process engineers can increase the casting rate with-
out running into problems, thus increasing the produc-
tion rate. 

The phase transition occurs in a very narrow zone 
although the model utilizes a transition half width, 
ǻT, of 5 K. In reality it would be even more distinct if 
a pure metal were being cast but somewhat broader if 
the cast material were an alloy with a wider ǻT. 

The model is solved using a built-in adaptive 
meshing technique. This is necessary because the 
transition zone—that is, the region where the phase 

change occurs—requires a fine discretization. The 
adaptive meshing technique allows for fast and accu-
rate calculations even if the transition width is 
brought down to a low value, such as for pure metals. 
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ȼɜɟɞɟɧɢɟ 
Ⱥɧɚɥɢɡ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɯɟɦ ɫɨɜɪɟɦɟɧɧɵɯ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɧɢ, ɤɚɤ ɨɛɴ-
ɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɞɟɠɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨ-
ɛɨɣ ɫɥɨɠɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-ɩɚɪɚɥɥɟɥɶɧɵɟ 
ɫɬɪɭɤɬɭɪɵ. Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɫɨɡɞɚɧɢɹ ɢɦɢɬɚ-
ɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɧɚ ɗȼɆ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɨɠɧɨ-
ɫɬɢ ɨɩɢɫɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ 
ɧɚ ɹɡɵɤɟ, ɩɨɧɹɬɧɨɦ ɗȼɆ. 

 
Ɉɫɧɨɜɧɵɟ ɜɢɞɵ ɫɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ [1] 
1. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟμ  
ɉɪɢ ɨɬɤɚɡɟ ɥɸɛɨɝɨ ɷɥɟɦɟɧɬɚ ɨɬɤɚɡɵɜɚɟɬ ɜɫɹ 

ɫɢɫɬɟɦɚν ɧɚɪɚɛɨɬɤɚ ɞɨ ɨɬɤɚɡɚ ɫɢɫɬɟɦɵ ɪɚɜɧɚ ɧɚɪɚ-
ɛɨɬɤɟ ɞɨ ɨɬɤɚɡɚ ɬɨɝɨ ɷɥɟɦɟɧɬɚ, ɭ ɤɨɬɨɪɨɝɨ ɨɧɚ ɨɤɚ-
ɡɚɥɚɫɶ ɦɢɧɢɦɚɥɶɧɨɣμ 

min( ), 1,2,...,c jT T j n  , 

ɝɞɟ n — ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ. 
2. ɉɚɪɚɥɥɟɥɶɧɨɟ ɧɚɝɪɭɠɟɧɧɨɟ («ɝɨɪɹɱɟɟ») 

ɫɨɟɞɢɧɟɧɢɟμ 
ɋɢɫɬɟɦɚ ɫɨɯɪɚɧɹɟɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, ɩɨɤɚ 

ɪɚɛɨɬɨɫɩɨɫɨɛɟɧ ɯɨɬɹ ɛɵ ɨɞɢɧ ɷɥɟɦɟɧɬ ɢɡ k ɜɤɥɸ-
ɱɟɧɧɵɯ ɜ ɪɚɛɨɬɭν ɧɚɪɚɛɨɬɤɚ ɞɨ ɨɬɤɚɡɚ ɫɢɫɬɟɦɵ 
ɪɚɜɧɚ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɢɡ ɡɧɚɱɟɧɢɣ ɧɚɪɚ-
ɛɨɬɤɢ ɞɨ ɨɬɤɚɡɚ ɷɥɟɦɟɧɬɨɜμ 

max( ), 1,2,...,c jT T j k  , 

ɝɞɟ Ф — ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ. 
3. ɉɚɪɚɥɥɟɥɶɧɨɟ ɧɟɧɚɝɪɭɠɟɧɧɨɟ («ɯɨɥɨɞ-

ɧɨɟ») ɫɨɟɞɢɧɟɧɢɟμ  
Ɋɟɡɟɪɜɧɵɣ ɷɥɟɦɟɧɬ ɜɤɥɸɱɚɟɬɫɹ ɜ ɪɚɛɨɬɭ ɬɨɥɶɤɨ 

ɩɪɢ ɨɬɤɚɡɟ ɨɫɧɨɜɧɨɝɨ ɷɥɟɦɟɧɬɚν ɧɚɪɚɛɨɬɤɚ ɞɨ ɨɬ-
ɤɚɡɚ ɫɢɫɬɟɦɵ ɪɚɜɧɚ ɫɭɦɦɟ ɧɚɪɚɛɨɬɨɤ ɞɨ ɨɬɤɚɡɚ 
ɷɥɟɦɟɧɬɨɜ. 
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ɝɞɟ m – ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ. 
ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɵ ɨɛɨɡɧɚɱɟɧɢɹ ɬɪɟɯ ɜɢ-

ɞɨɜ ɫɨɟɞɢɧɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɞɟɠɧɨ-

ɫɬɢμ ɚ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟν ɛ – ɩɚɪɚɥɥɟɥɶɧɨɟ 
ɧɚɝɪɭɠɟɧɧɨɟν ɜ – ɩɚɪɚɥɥɟɥɶɧɨɟ ɧɟɧɚɝɪɭɠɟɧɧɨɟ. 

ɚ

ɛ ɜ Ɋ
ɢɫ. 1. ȼɢɞɵ ɫɨɟɞɢɧɟɧɢɣ ɷɥɟɦɟɧɬɨɜμ ɚ – ɩɨɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨɟν ɛ – ɩɚɪɚɥɥɟɥɶɧɨɟ ɧɚɝɪɭɠɟɧɧɨɟν ɜ – ɩɚ-
ɪɚɥɥɟɥɶɧɨɟ ɧɟɧɚɝɪɭɠɟɧɧɨɟ 

 
ɋɩɨɫɨɛɵ ɨɩɢɫɚɧɢɹ ɛɥɨɤ-ɫɯɟɦ ɧɚɞɟɠɧɨɫɬɢ 
ɋɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɡɚɩɢɫɵɜɚɟɬɫɹ ɩɨ ɡɚɞɚɧɧɵɦ 

ɩɪɚɜɢɥɚɦ ɜ ɬɟɤɫɬɨɜɨɦ ɮɚɣɥɟ, ɤɨɬɨɪɵɣ ɜ ɞɚɥɶɧɟɣ-
ɲɟɦ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɩɟɰɢɚɥɢ-
ɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨ ɪɚɫɱɺ-
ɬɭ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɺɠɧɨɫɬɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɩɚɤɟɬ εКЭХКЛ. 

1. Ⱦɥɹ ɩɚɪɚɥɥɟɥɶɧɨ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɫɢ-
ɫɬɟɦɵ [2]. 

ɉɟɪɜɵɣ ɫɬɨɥɛɟɰ – ɩɨɪɹɞɤɨɜɵɟ ɧɨɦɟɪɚ ɷɥɟɦɟɧ-
ɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ. 

ȼɬɨɪɨɣ ɫɬɨɥɛɟɰ – ɰɢɮɪɨɜɨɣ ɤɨɞ ɡɚɤɨɧɚ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɞɨ ɨɬɤɚɡɚ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚμ  

 «1» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹν 

 «β» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ȼɟɣɛɭɥɥɚν 

 «γ» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚ-
ɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹν 

 «4» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɨɝɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ȼ ɬɪɟɬɶɟɦ ɢ ɱɟɬɜɟɪɬɨɦ ɫɬɨɥɛɰɚɯ ɧɚɯɨɞɹɬɫɹ ɫɨ-
ɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɤɨɷɮɮɢɰɢɟɧɬɵ 


