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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, 〉H. 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 + h〉H), where 〉H is the latent heat of the transi-
tion, and h is a Gaussian curve given by 
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Here Tm is the melting point and 〉T 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 と is the density (in this case constant), さ is the 
viscosity, and せ 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 i represent arbitrary constants, (Amush should 
be large and i 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 
と (kg/m3) 8500 8500 
Cp (J/(mol:K)) 530 380 
k (А/(Ц:K)) 200 200 
さ (Ns/m2) 0.0434 -  

 
Furthermore, the melting temperature, Tm, and en-

thalpy, 〉H, КЫО ЬОЭ ЭШ 1γ56 K КЧН β05 ФJ/(ФР:K), 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, 
〉T, 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 〉T. 

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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ゑçñÑñÖóñ 
んÖí¿ó£ ¡ÜÖïöëÜ¡öóçÖ▲ê ïêñ½ ïÜçëñ½ñÖÖ▲ê 

öñêÖóôñï¡óê ïóïöñ½ äÜ¡í£▲çíñö, ôöÜ ÜÖó, ¡í¡ Üßé-
ñ¡ö óïï¿ñÑÜçíÖó　, ÖíÑñ¢ÖÜïöó äëñÑïöíç¿　0ö ïÜ-
ßÜú ï¿Ü¢Ö▲ñ äÜï¿ñÑÜçíöñ¿áÖÜ-äíëí¿¿ñ¿áÖ▲ñ 
ïöëÜ¡öÜë▲. だïÖÜçÖí　 äëÜß¿ñ½í ïÜ£ÑíÖó　 ó½óöí-
îóÜÖÖÜú ½ÜÑñ¿ó Öí Äゑぜ £í¡¿0ôíñöï　 ç ï¿Ü¢ÖÜ-
ïöó ÜäóïíÖó　 ç£íó½ÜÑñúïöçóú ~¿ñ½ñÖöÜç ïóïöñ½▲ 
Öí 　£▲¡ñ, äÜÖ　öÖÜ½ Äゑぜ. 

 
だïÖÜçÖ▲ñ çóÑ▲ ïÜñÑóÖñÖó　 ~¿ñ½ñÖöÜç [1] 
1. ぢÜï¿ñÑÜçíöñ¿áÖÜñ ïÜñÑóÖñÖóñμ  
ぢëó Üö¡í£ñ ¿0ßÜÇÜ ~¿ñ½ñÖöí Üö¡í£▲çíñö çï　 

ïóïöñ½íν ÖíëíßÜö¡í ÑÜ Üö¡í£í ïóïöñ½▲ ëíçÖí Öíëí-
ßÜö¡ñ ÑÜ Üö¡í£í öÜÇÜ ~¿ñ½ñÖöí, Ü ¡ÜöÜëÜÇÜ ÜÖí Ü¡í-
£í¿íïá ½óÖó½í¿áÖÜúμ 

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

ÇÑñ n — ôóï¿Ü ~¿ñ½ñÖöÜç ïóïöñ½▲. 
2. ぢíëí¿¿ñ¿áÖÜñ ÖíÇëÜ¢ñÖÖÜñ («ÇÜë　ôññ») 

ïÜñÑóÖñÖóñμ 
でóïöñ½í ïÜêëíÖ　ñö ëíßÜöÜïäÜïÜßÖÜïöá, äÜ¡í 

ëíßÜöÜïäÜïÜßñÖ êÜö　 ß▲ ÜÑóÖ ~¿ñ½ñÖö ó£ k ç¡¿0-
ôñÖÖ▲ê ç ëíßÜöÜν ÖíëíßÜö¡í ÑÜ Üö¡í£í ïóïöñ½▲ 
ëíçÖí ½í¡ïó½í¿áÖÜ½Ü £ÖíôñÖó0 ó£ £ÖíôñÖóú Öíëí-
ßÜö¡ó ÑÜ Üö¡í£í ~¿ñ½ñÖöÜçμ 

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

ÇÑñ Ф — ôóï¿Ü ~¿ñ½ñÖöÜç ïóïöñ½▲. 
3. ぢíëí¿¿ñ¿áÖÜñ ÖñÖíÇëÜ¢ñÖÖÜñ («êÜ¿ÜÑ-

ÖÜñ») ïÜñÑóÖñÖóñμ  
づñ£ñëçÖ▲ú ~¿ñ½ñÖö ç¡¿0ôíñöï　 ç ëíßÜöÜ öÜ¿á¡Ü 

äëó Üö¡í£ñ ÜïÖÜçÖÜÇÜ ~¿ñ½ñÖöíν ÖíëíßÜö¡í ÑÜ Üö-
¡í£í ïóïöñ½▲ ëíçÖí ïÜ½½ñ ÖíëíßÜöÜ¡ ÑÜ Üö¡í£í 
~¿ñ½ñÖöÜç. 
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 , 

ÇÑñ m – ôóï¿Ü ~¿ñ½ñÖöÜç ïóïöñ½▲. 
ぞí ëóïÜÖ¡ñ 1 äëóçñÑñÖ▲ ÜßÜ£ÖíôñÖó　 öëñê çó-

ÑÜç ïÜñÑóÖñÖóú ~¿ñ½ñÖöÜç Ñ¿　 ëíïôñöí ÖíÑñ¢ÖÜ-

ïöóμ í – äÜï¿ñÑÜçíöñ¿áÖÜñν ß – äíëí¿¿ñ¿áÖÜñ 
ÖíÇëÜ¢ñÖÖÜñν ç – äíëí¿¿ñ¿áÖÜñ ÖñÖíÇëÜ¢ñÖÖÜñ. 

í

ß ç づ
óï. 1. ゑóÑ▲ ïÜñÑóÖñÖóú ~¿ñ½ñÖöÜçμ í – äÜï¿ñÑÜçí-

öñ¿áÖÜñν ß – äíëí¿¿ñ¿áÖÜñ ÖíÇëÜ¢ñÖÖÜñν ç – äí-
ëí¿¿ñ¿áÖÜñ ÖñÖíÇëÜ¢ñÖÖÜñ 

 
でäÜïÜß▲ ÜäóïíÖó　 ß¿Ü¡-ïêñ½ ÖíÑñ¢ÖÜïöó 
でöëÜ¡öÜëí ïóïöñ½▲ £íäóï▲çíñöï　 äÜ £íÑíÖÖ▲½ 

äëíçó¿í½ ç öñ¡ïöÜçÜ½ âíú¿ñ, ¡ÜöÜë▲ú ç Ñí¿áÖñú-
üñ½ ½Ü¢ÖÜ óïäÜ¿á£Üçíöá Ñ¿　 ïÜ£ÑíÖó　 ïäñîóí¿ó-
£óëÜçíÖÖÜÇÜ äëÜÇëí½½ÖÜÇÜ ÜßñïäñôñÖó　 äÜ ëíïô、-
öÜ äÜ¡í£íöñ¿ñú ÖíÑ、¢ÖÜïöó. ゑ ÑíÖÖÜú ëíßÜöñ óï-
äÜ¿á£Üñöï　 äí¡ñö εКЭХКЛ. 

1. が¿　 äíëí¿¿ñ¿áÖÜ-äÜï¿ñÑÜçíöñ¿áÖÜú ïó-
ïöñ½▲ [2]. 

ぢñëç▲ú ïöÜ¿ßñî – äÜë　Ñ¡Üç▲ñ ÖÜ½ñëí ~¿ñ½ñÖ-
öÜç, çêÜÑ　àóê ç ïÜïöíç ïóïöñ½▲. 

ゑöÜëÜú ïöÜ¿ßñî – îóâëÜçÜú ¡ÜÑ £í¡ÜÖí ëíï-
äëñÑñ¿ñÖó　 çëñ½ñÖó ÑÜ Üö¡í£í ¡í¢ÑÜÇÜ ~¿ñ½ñÖöíμ  

 «1» ïÜÜöçñöïöçÜñö ÖÜë½í¿áÖÜ½Ü £í¡ÜÖÜ 
ëíïäëñÑñ¿ñÖó　ν 

 «β» ïÜÜöçñöïöçÜñö £í¡ÜÖÜ ëíïäëñÑñ¿ñÖó　 
ゑñúßÜ¿¿íν 

 «γ» ïÜÜöçñöïöçÜñö ~¡ïäÜÖñÖîóí¿áÖÜ½Ü £í-
¡ÜÖÜ ëíïäëñÑñ¿ñÖó　ν 

 «4» ïÜÜöçñöïöçÜñö ¿ÜÇÖÜë½í¿áÖÜ½Ü £í¡ÜÖÜ 
ëíïäëñÑñ¿ñÖó　. 

ゑ öëñöáñ½ ó ôñöçñëöÜ½ ïöÜ¿ßîíê ÖíêÜÑ　öï　 ïÜ-
ÜöçñöïöçñÖÖÜ äñëç▲ú ó çöÜëÜú ¡Ü~ââóîóñÖö▲ 


