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Abstract:  Technological first-order phase transition is obtain base process of material science by numerical experiments at use of finite 

elements method (FEM). The history of movement and the geometry of the front in the first-order phase transition are investigated. A free 

first-order phase transition was investigated to estimate the local place of the liquid residue. Mathematical model is Stefan-Schwartz task in 

3D case. The corresponding temperature fields of a free and technological first-order phase transition are presented. Engineering 

information is local phase transition conditions is shown of macro-level with the local transition time and volume at the front is assumed. 
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1. Introduction – fundamentals processes of

material science 

Some of the basic processes of material science are phase 

transitions [3, 5, 7, 12, 16, 17, 18 and 19]. Our institute has been 

developing technologies and equipment for foundry production for 

more than 40 years on the basis of the Angel Balevski and Ivan 

Dimov method for injection molding (certificate No.187 / 1961 y. 

P. 181 [12]). The gas counter-pressure casting method allows

precise volume and surface formation of castings [12]. Investigation

of gas-, hydro- and thermodynamic processes in conditions of gas

counter pressure casting and their influence for controlling the

formation of castings [7, 12].

On Fig. 1 is shown the base geometric diagram of the casting 

process by the method of the „GP“[19]: 

Fig. 1 Geometrical diagram of open thermodynamics system (OTS): Mold 

and cavity for Cast and overflow with overall dimensions diameter  = 180 

mm and height H = 300 mm. The volume VSYS is the sum of cast volumes of 

liquid VCL, surface front SFront and solid VCS phases, mod volume VM with it 
boundary surfaces BWS and BM. 

The casting method „GP“, the first-phase phase method runs under 

high gas pressure [19].  

The mathematical base of the casting is mathematical tasks of 

Stefan [1] and Schwartz [2]. The open thermodynamic system 

(OTS) of Fig. 1 is:  

The task of Stefan-Schwartz in 3D for numerical investigation by 

Finite Different Method, Finite Elements Method and so on is: 

- Equation of the heat conductivity:

 in ,  (1, 1) 

- Stefan’s boundary condition (SF):

,  (1, 2) 

And growth velocity of solid phase: 

,  (1, 2, 1) 

- Boundary condition at the mold’s work surface (BWS):

,    (1, 3) 

- Boundary condition mold-environment (BM):

,  (1, 4) 

- Initial conditions at t = 0:

, ,  (1, 5) 

where Т is the temperature with indexes for the cast (C) liquid (L) 

and solid (S) phases and mold (M); VSYS is the sum of cast volumes 

of liquid VCL, surface front SFront and solid VCS phases, mod 

volume VM with it boundary surfaces BWS and BM. the 

thermophysical coefficients of the (OTSF) are: thermal conductivity 

(), thermal capacity (c), density (); SF is function of the heat

source, Qm is latent heat of the melting at the melting temperature

Tm.

The mold (Fig. 1) is for "GP" casting method [19], in which the cast 

is formed under high gas pressure. The study of temperature 

changes in operation [19] was made using the MAGMAsoft 

software package. The solution of Stefan-Schwartz task is for 

maximum heat transfer: coefficient of heat transfer  = 56000 

w/m2sK at the mold boundary BWS and BM; mold initial temperature

TM(x, y, z, 0) = 72o C is introduce on Fig.2, where the initial

temperature of the mold and the temperature field of the first-order 

free phase transition at a time are shown The technological model 

of eq.(1) is solved by using a software package of (FEM) created at 

our institute of M. Dimitrov and S. Bushev. 

The purpose of this work is to consider the phase transition of the 

first order of basic process in foundry. 
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2. Free process of first-order phase transition in 

foundry 

A free first-order phase transition process in the casting process 

is carried out by uniform and constant heat exchange throughout 

the working and external surfaces of the mold. 

In Fig. 2 is shown cross section of car wheel formation at FREE 

first-order phase transition 

     

Fig. 2 Methodology of the example of the car wheel formation 

at free first-order phase transition and heat unit (closed volumes 

with melt): a) ice cast [20]; b) history of phase transition of Al [21]. 

A major engineering interest (Fig. 2) is the temperature field of 

a first-order phase transition is the location and geometry of the 

interfacial surface [1, 2, 3, 5, 7 and 12] separating the volumes of 

the liquid and solid phases in the formed cast. In Fig. 3, the initial 

temperature of (OTC) and the temperature field of a free first-order 

phase transition with the front (zone) of phase transformation at 

time t = 0, 6475 sec are presented: 

 

Fig. 2 Initial (OTC) casting temperature and shape with a 

temperature field of free first kind of phase transition at time 

t=0.6475 sec together with the volumes of liquid and solid phases 

separated by the phase transition front (zone). 

The correct engineering answer is the history of the phase 

transition front (zone) movement from free first-order phase 

transition in the time is present: 

 

a) 

 

b) 

Fig. 3 Initial condition and a temperature field of free first-order phase 

transition in the end time t = 9,065 sec of numerical experiment: a) history 

of the movement boundary phase transition front (zone) with 14-in 
transition; table with 14-in times; the temperature field in a little layer at the 

mold work surface contact; b) full temperature field of the system at the end 

time = 9,065 sec of the numerical experiment. 

The overflow does not fulfill its purpose. 
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3. Technological first-order phase transition in 

foundry 

In Fig. 4 is the methodology for a technological first-order 

phase transition based on [20]: 

a) ;       b)  

Fig. 4 Technological first-order phase transition in foundry [20]: a)  is 

cooling place; the volumes of liquid (L) and solid (S) phases separated by 

the phase transition front (zone) (Tm-, Tm, Tm+) with removable of 

thermal unit; Vi is micro-volume; b) sketch for work [20] history of movable 

isothermal surface (front) Tm in tree time 1, 2, 3 at technological removal of 

thermal unit. 

The basic purpose of the foundry methodology is to move the 

front of a first-order phase transition: from a cold region to a warm 

region without closed liquid volumes. Here (see Fig. 1) we have an 

overflow whose volume must to finish the first-order phase 

transition in the warm overflow. On Fig.5 we used initial 

temperature of the mold: 

 

Fig. 5 Initial temperature of the mold is of two area cold with 72o C and hot 
– 500o C. In hot part of the mold is located the overflow. The temperature 

field of the OTS in the time t = 0,6475 sec. 

The numerical experiment is the same - the history of the 

motion of the first-order phase transition front and is presented in 

Figs. 6: 

 

 
Fig. 6 History of the front moving the first-order phase transition: 
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a) detailed history of front moving and is ending in the overflow volume; 
the last temperature field at the contact surface cast/mold; b) the last 

temperature field of the OTS in the time t = 18,13 sec. 

From Fig. 6 follows that the overflow in the hot area of the 

mold we have technological first-order phase transition and is 

ending in the overflow volume. 

4. Technological first-order phase transition – cast 

structure  

Engineering information [6, 3, 5, 7, 9, 12] from calculated front 

of first-order phase transition is: geometry, thickness, correlation 

volume Vi, characteristic time ch (or local tf) of phase transition on 

Fig. 7: 

 

Fig. 7 The history of the technological first-order phase transition and local 

difference between the two temperatures Tm- and Tm+ in the fronts at: 

0,6475sec; 1,295sec; 2,59sec; 5,18sec; 9,065sec; 14,245sec; 18,13sec; 

,                                                 (2, 1) 

,          (2, 2) 

where  is thermodynamic driving force; d = 1, 2, 3; D is 

Diffusion coefficient. The volume Vi we suggest it to be considered 

as a cell needed to work with the CASTEP [22] software product, 

which is available for crystallization processes. CASTEP is 

software to perform calculations on the first principle of quantum 

mechanics for the study of the properties of the crystal surfaces in 

the solid state [22]. This software can calculate five tasks: energy; 

geometry optimization; molecular dynamics; elastic constants; 

study of transition-state [22]. The task of CASTEP – study of 

transition-state is connect with [3, 5, 6, 7, 9, 11, 12, 20 and 21]. 

Elastic constants task of CASTEP is connect with [8]. 

Technological first-order phase transition is two levels: 1. Macro-

level Stefan-Schwartz [1, 2] and eq. (1) and eq. (2); 2. Meso-level 

[4, 6, 10, 13, 14, 15].  

Stefan-Schwartz problems and CASTEP software covered 

theoretical and applied material science [16, 17 and 18]. ]. From all 

of this it follows that even the smallest family foundry requires 

scientific support based on the Stefan-Schwartz problem and [1 and 

2], which can be provided by a relevant industrial branch, such as 

MACHINE BUILDING. 

. Conclusion 

The technological process of a first-order phase transition is 

obtained at the macro-level based on the history of geometry and 

the movement of its front. A local volume is defined at the front to 

describe this transition and at meso-levels using CASTEP software. 
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