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In this paper, the solidification process of eleven tons flat steel ingot is simulated by the finite element analysis soft-
ware PROCAST, and the solidification state of the ingot with and without chassis is analyzed and compared. The re-
sults show that the forced cooling chassis makes low temperature area of the bottom ingot enlarged. And it has 
little influence on the temperature field and the solidification speed of the upper ingot. For the small flat steel ingot, 
the forced cooling chassis will deteriorate the shrinkage.
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INTRODUCTION

  T  he internal quality of flat steel ingot is a direct im-
pact on the rolled thick plate products. And the internal 
quality of ingot often depends on its external cooling 
conditions. So the control of ingot cooling is particu-
larly important in steel ingot production [1-3]. The wa-
ter cooling method of the chassis can strengthen the bot-
tom cooling intensity of the steel ingot, change the tem-
perature field, make the isotherm move up and influ-
ence the angle of the solidification front, which is con-
ducive to change the ingot segregation and looseness, 
and it can be applied to various casting processes [4-6]. 
In this paper, the effect of bottom forced cooling on the 
solidification process of eleven tons ingot is studied. 
The change of temperature field and the internal loose 
distribution of flat steel ingot is analyzed

CALCULATION MODEL ESTABLISHMENT

Geometric model and grid partition

In this paper, the process of solidification of eleven 
tons flat steel ingot is simulated. The geometric model 
is shown in Figure 1. 

The model grid partition is shown in Figure 2. The 
number of grid nodes is 84 842 and the number of tetra-
hedron elements is 401 458.
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Figure 1 Geometric model

Figure 2 Model grid partition
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Governing equation and setting of 

simulation conditions

The heat transfer governing equation [6]:

 (1)

Where T is temperature / °C, ρ is steel density / kg/
m3, λ is thermal conductivity / W/m/°C, c is specific 
heat / J/kg/K.

Heat flux calculation is:
 Q = h × (Tm - Tc) (2)

Where q is heat flux / W/m2, Tm is mould surface 
temperature / °C, Tc is environmental temperature / °C, 
h is comprehensive heat transfer coefficient / W/m2 /°C. 

Initial conditions are:
Liquid steel: T = Tst0, mould: T = Tm0.
Composition of steel: C is 0,17 %, Si is 0,35 %, Mn 

is 1,4 %, S is 0,03 %, P is 0,03 %.
Composition of mould, C is 3,44 %, Si is 1,63 %, 

Mn is 0,8 %, S is 0,008 %, P is 0,017 %.
In the simulation, the thermal conductivity is iso-

tropic, the thermal physical parameters of molten steel 
is only a function of temperature.  The temperature of 
bottom cooling water is 20 / °C. The cooling water flow 
is set as three schemes, namely, 30 / m3/h, 50 / m3/h and 
100 / m3/h. The casting temperature of molten steel is 1 
530 / °C, and the initial temperature of the ingot mold 
and insulating board is 100 / °C.

SIMULATION RESULTS AND ANALYSIS

Comparison of ingot temperature results of 

different chassis cooling schemes 

Figure 3 shows the comparison of the calculated 
temperature field at the end of ingot for each chassis 
cooling scheme. It can be seen from the figure that the 
high temperature isotherm of the ingot moves up due to 
the water cooling measures of the chassis, and the great-
er the cooling strength is, the greater the range of the 
isotherm moves up. The cooling of the base plate has 
little effect on the shape of the isothermal surface of the 
upper part of the ingot. It also has little influence on the 
advance of the solidification front in the middle and 
later stage of solidification. This is because the heat 
transfer of the upper liquid steel in the direction of grav-
ity needs to pass through the lower liquid steel or solid 
steel before it can be transmitted to the water-cooled 
chassis, and the limiting link of this heat transfer pro-
cess is the lower metal of the ingot with low thermal 
conductivity, which results in the heat dissipation con-
dition of the upper liquid steel similar to that of the in-
got without water-cooled chassis.

Figure 4 is a comparison of the minimum distance 
between the isotherm of 328 / °C and the bottom of the 
mould under different chassis cooling schemes. The wa-
ter-cooled chassis can obviously push up the high tem-

perature isothermal surface and expand the low tempera-
ture area at the bottom of the steel ingot. The distance 
between the corresponding isothermal surface and the 
bottom surface of the mould is 26,73 / cm in no water 
cooling scheme, 38,51 / cm in 30 / m3/h, 39,84 / cm for 
50 / m3/h and 42,47 / cm for 100 / m3/h, respectively.

It can be seen from Figure 4 that in the early stage of 
ingot solidification, the temperature of the inner surface 
of the mould increases rapidly without forced cooling 
of the bottom part. However, the temperature of the 
middle and outer surface of the mould does not change 
at this time due to the thermal resistance of the  mould. 
The two-dimensional cooling effect of the corner makes 
the corner of ingot radiate faster. In the early stage of 
solidification, the corner of ingot reaches a lower tem-
perature, while the center is limited by the heat dissipa-
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Figure 3  Comparison of temperature field at the end of 
calculation for each chassis cooling scheme

Figure 4  Comparison of the minimum distance between the 
isotherm of 328 / °C and the bottom of the mould 
under different chassis cooling schemes
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tion unable to synchronize with it, a clearly inclined 
isotherm (relative to the horizontal plane) is formed.

Comparison of shrinkage porosity results of 

steel ingots with different cooling schemes 

Figure 5 shows the comparison of shrinkage and po-
rosity results of steel ingots with different chassis cool-
ing schemes. 

It can be seen from the figure that the shrinkage of 
the steel ingot is not improved but more serious after the 
water cooling measures of chassis are added. With the 
increase of water cooling intensity, the severity of 
shrinkage porosity also increases. The reason is that for 
the flat steel ingot simulated in this paper, the narrow 
section of the steel feeding channel is an important way 
of ingot feeding, while the water-cooling of the chassis 
strengthens the cooling of the middle and lower parts of 
the ingot, increases the solidification speed of the mid-

dle and lower parts, so that the upper part of the steel 
can not be effectively fed in time.

CONCLUSIONS

Compared with the ingot without water-cooling 
chassis, the low temperature area at the bottom of the 
end ingot is enlarged under the action of water-cooling 
chassis, and the isothermal surface moves up at 328 °C, 
and with the increase of cooling strength, the isothermal 
surface moves up, and the low  temperature area at the 
bottom is further expanded.

Due to the limitation of heat transfer of liquid (solid) 
metal in the middle and lower part of the steel ingot, the 
water cooling has little effect on the temperature field in 
the upper part and the solidification front.

For the flat steel ingot mould mentioned in this pa-
per, the water cooling of the chassis cannot improve the 
internal shrinkage of the ingot, and the internal quality 
of the ingot will get worse. The reason is that the space 
in the narrow direction of the ingot in this paper is too 
narrow, and the water cooling at the bottom leads to the 
poor feeding of the liquid steel, which leads to the seri-
ous internal shrinkage.
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Figure 5  Shrinkage and porosity of the steel  ingot under 
different chassis cooling schemes


