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RADIAL BILLET CASTER
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T temperature [K]
 time [s]
k heat conductivity [W. m-1.K-1]
w velocity [m s -1]
 density [kg m-3]
c specific heat capacity [J kg-1K-1 ]
x,y,z coordinates [m]
QSOURCE heat flow from internal source [W m-3]
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Boundary conditions:
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FOURIER-KIRCHHOFF’S EQUATION



(t) [kg.m-3]

k(t) [W.m-1.K-1]

c(t) [J.kg-1.K-1]

L     [J]

This function must be known for the relevant steel.
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This point can change its phase or
structure during the simulated process.
The enthalpy function contains the
latent or structural heat of each
change.
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ENTHALPY AS A FUNCTION 
OF TEMPERATURE
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COMPUTING NETWORK



T temperature [K]
H specific volume enthalpy [W.m-3]
 time [s]
cv specific volume heat capacity    [J.m-3.K-1]
 density [kg m-3]
x,y,z axis in given direction
QX,QY,QZ   heat flow in given direction      [W]
VX,VY,VZ conductivity in given direction   [W.K-1]
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3D TEMPERATURE – FIELD ELEMENT



MATERIAL PROPERTIES – BILLET 
STEEL

(T) [kg.m‐3]  ‐ Density
k (T) [W.m‐1.K‐1]   ‐ Heat Conductivity
c(T) [J.kg‐1.K‐1] ‐ Specific Heat Capacity

IDS software
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We use a solidification analysis package 
for steels IDS. IDS calculates 
thermophysical material properties from 
liquid state to room temperature.

P2-04B



DATABASE OF STEEL

 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18



BOUNDARY CONDITIONS

Experiment for each nozzles

Natural convection

Q [W] heat flow htc [W.m‐2.K‐1] heat transfer coefficient  l, d [m] roller dimensions
T [K] temperature  [‐] emissivity
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Radiation



SECONDARY COOLING –
BOUNDARY CONDITION
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RESULT =TEMPERATURE FIELD 
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THE METALLURGICAL  LENGTH



THE EFFECT OF THE SECONDARY 
COOLING
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CLASSIC CONTROLLER VS. 
MODEL PREDICTIVE CONTROL
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MODEL-BASED PREDICTIVE 
CONTROL SYSTEM
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GPGPU COMPUTING
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GPGPU = computing on graphics processing units GPU
• huge computing performance
• scientific and technical computing
• for massively parallelizable problems
• Hundreds or even thousands of computing units concurrently running 
code COMPUTING 

GRID 
T CPU TIME GPU TIME SPEED-UP

1,000,000 0.60 s 15 min 53 s 24.1 s 40x



• This paper introduces a 3D numerical model of the temperature 
field for concasting of steel in the form of in‐house 

• The model includes the main thermodynamic transfer phenomena 
during the solidification of concasting. 

• Another objective is to apply the model for monitoring these 
phenomena in real time.

• New computational resources ie GPGPU brings new control
capabilities the process of casting

• Model Predictive Control ‐MPC ‐ use experience as effective casting 
speed and effective superheat

CONCLUSION
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