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COMPUTER SIMULATION OF THE HEATING PROCESS OF FUSED 

CAST REFRACTORY BLOCKS 
 

TAMÁS KOÓS1,–ISTVÁN SZŰCS2,–LÁSZLÓ GYULAI3 
 

After the solidification process of fused cast refractories – used for glass melting furnaces – the 
sprue is cut off with a cutting machine in wet operation. Then, the cavity is sealed with refractory 
concrete. The aim of our research was to determine the most important parameters (e.g. gas 
permeability) for the safe application of the refractory concrete used for the sealing of the 
solidification hole. In order to validate the permeability test results, test blocks were made from fused 
cast alumina-zirconia-silicate (AZS) material equipped with pressure and temperature sensors. The 
investigations revealed that the gas permeability of the sealing material allows the steam (evolving 
from the moisture contained by the concrete and from the water trapped in the shrinkage cavity) – 
which can cause damage to the refractory block – to flow out safely during the first heat-up of the 
fused cast blocks.  

In order to better understand the heating process and the temperature field inside the refractory 
blocks a numerical model was created with ANSYS FLUENT software. More articles revealed that 
the accuracy of the results depends largely on the choice of material properties [1][2]. The differences 
between the temperature values calculated by the computer model and those measured with 
thermocouples during the tests are within the acceptable limits of industrial practice. Based on the 
experiences we constructed a model of a real-size AZS block built into a glass furnace with insulation 
layers. In the case of the industrial block we can declare: the gauge pressure in the cavity is not likely 
to cause damage to the refractory blocks by itself. 
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Introduction 
 

A fused cast refractory block is usually built-in so that it contains the shrinkage cavity, 
which is formed during solidification. It has the same properties and durability yet lower 
costs than the block that has no porosity or cavity. 
Two glass melting furnaces built of these types of blocks had problems during the first 
heat-up operation. When the furnace temperature reached about 350 °C, one brick was 
damaged and broke out of the lining of both equipment. It was claimed that the steam 
coming from the moisture content of the concrete or from the water trapped in the 
shrinkage cavity caused the damage. In our previous paper we reported on the gas 
permeability and thermogravimetry tests of the refractory concrete. The aim of the research 
was to determine the following parameters: 
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 the mass and heat changes during the first heat-up with thermogravimetry; 

the gas permeability of the refractory concrete; 
 the gauge pressure in the cavity covered with refractory concrete during the first 

heat-up of the refractory block; 
 the temperature measured in the shrinkage cavity. 
 
The permeability tests were made on cores made of refractory concrete used for the 

construction of the two furnaces. The cavity temperature and gauge pressure tests were 
performed on test blocks (see Figure 1) with the same thickness as the real-size blocks. The 
main test results were as follows (see also on our previous paper [3]): 

 the refractory concrete is not impervious; 
 when the temperature inside the furnace and along the interior surface of the 

refractory is 250–260 °C, the hole has a temperature of approximately 100 °C; 
 around 100 °C (i.e. the boiling point of water), the steam can leave from the hole at 

low gauge pressure levels without causing any damage. 
 

During the heat tests of the refractory test blocks, only the furnace temperature and the 
interior temperature of the shrinkage cavity could be measured with reliable accuracy. A 
computer model using finite element analysis was used for the more detailed, complex 
study of the temperature field in the refractory blocks and in the shrinkage cavity created by 
the unilateral heating technique. This allowed for making a comparison between the 
temperature inside the cavity of the test block and temperature values obtained from the 
simulation. The temperature field of an industrial-size block with insulation layers were 
generated with the same method too. 
 
1. Examination of the temperature in the shrinkage cavity 
 

In order to simultaneously determine the possible temperature and gauge pressure 
values in the shrinkage cavity, test blocks from regular production sealed with refractory 
concrete were used for the laboratory measurements. 
The test objects had the following composition: 
 

 fused cast alumina-zirconia-silicate (AZS) refractory blocks (Al2O3 = 66 %,  
ZrO2 = 21%, SiO2 = 12 %, Na2O+Fe2O3 = 0,4%) [4]; 

 for the sealing layer: refractory concrete using mixing ratios of standard production: 
made from cement Almatis CA 25-R (Al2O3 = 81 %, CaO = 18%, SiO2 = 12%,  
Na2O = 0,6%, Fe2O3+MgO = 0,6%) [5], AZS powder and 16%(m/m) of water. 

 
These were 170 x 250 x 120 mm blocks (with the same thickness as the industrial-size 

fused cast blocks). In order to simulate the conditions within the shrinkage cavity, 80 mm 
deep and 60 mm diameter cylindrical cavities were made in the test objects with a core 
drill. This opening was sealed with a thick layer of concrete (made of Almatis CA 25-R 
cement and AZS powder). A thin copper mesh was placed inside the cavity 30 mm below 
the opening so that the thickness and position of the refractory concrete could be accurately 
set. 

The temperature within the shrinkage cavity was measured with NiCr-Ni thermocouples 
built into the refractory concrete sealing. The gauge pressure of the steam evolving inside  
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the shrinkage cavity was regulated with a copper tube. A differential pressure sensor was 
connected to the outer end of the copper tube with a thick, transparent PVC tube. Silicone 
oil (heat-resistant up to 350 °C) was applied inside the external part of the copper tube and 
the PVC tube in order to transmit pressure and prevent the steam from condensation or 
compression. 

Six test blocks were placed in an electric resistance furnace and heated up to 350 °C at a 
rate of 5 °C/h (recommended for the refractory blocks during the first heat-up) from the 
backside.  

A schematic of the measurement setup is shown in Figure 1. 
 

 

Figure 1. Schematic illustration of the measurement setup for the monitoring of gauge 
pressure and temperature in the shrinkage cavity 

1– refractory block; 2– positioning copper mesh; 3– refractory concrete; 4– pressure sensor; 5– 
heat-resistant silicone oil; 6– copper tube; 7– thermocouple; 8– data collector 

 
We measured the temperature and the pressure in the hole during the heating up 

process.  
The gauge pressure (with pressure sensor Figure 1/4) and temperature (with 

thermocouple Figure 1/7) was monitored and registered throughout the test with a 
computerized data collector (Figure 1/8). 

Temperature values in the shrinkage cavities of the 6 blocks are displayed as a function 
of time in Figure 2. 
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Figure 2. Temperature values registered in the shrinkage cavities of the refractory sealed 
test blocks as a function of heating time 

The temperature values measured in the shrinkage cavities provided the base data for 
comparison with the computational simulation. 
 
2. Temperature distribution in the refractory block and in the shrinkage 
cavity obtained by computational simulation 
 

Temperature was measured only at two points during the laboratory experiment: one 
point inside the furnace and one inside the shrinkage cavities. In order to map the whole 
temperature field in the fused cast refractory block and to show the effect of the cavity on 
temperature distribution a computational simulation of the heating process of the test blocks 
was made with FLUENT numerical simulation software. It also provided an opportunity to 
draw a comparison between the cavity temperatures actually measured in the laboratory and 
calculated with the program. Based on the experiences, we created the temperature contour 
map of a real-size AZS block. 
 
2.1. Simulation of the laboratory test block 
 

The dimensions of the model are the same as those of the laboratory test blocks. 
Temperature specific physical parameters required to run the computer program (density, 
specific heat capacity, thermal conductivity etc.) were obtained from catalogue databases 
and tables [4][7]. The dimensions of the refractory block, shrinkage cavity and the sealing 
layer used for the model are shown in Figure 3. The computational grid required for the 
numerical solution of the model is shown in Figure 4.  
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Figure 3. Dimensions of the laboratory test block model 

 

Figure 4. Computational grid of the laboratory test block 
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The temperature distribution of the sample at a furnace temperature and interior surface 

temperature of 350 °C of the refractory block is shown in Figure 5. The temperature curve 
characterising the central axis of the heated test object is shown in Figure 6. 

 
 

Figure 5. Temperature contours in the cross-section of the laboratory test block calculated 
with simulation at an interior surface temperature of 350 °C 

 
Figure 6. Temperature along the central axis at the end of the heating process as a function 

of distance from the heated surface calculated with simulation 
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The difference between the measured cavity temperature and the computer calculated 

value at the furnace temperature of 350 °C is approximately 10 °C as seen in Figure 7. 
 

 
Figure 7. Comparison of experimental average shrinkage cavity temperature and computed 

cavity temperature as a function of heating time 

The temperature distribution diagrams show the heat insulating effect of the gas phase 
inside the cavity, which has low heat conductivity. An inhomogeneous temperature field is 
formed around the cavity, slightly but not completely compensated by lateral heat transfer. 
The differences between the temperature values determined by the computer model and 
those measured in the cavities are within the acceptable limits of industrial practice. 
 
2.2. Simulation of the industrial block  
 

Temperature distribution in an industrial-size block was also calculated by the software. 
The simulated block had the dimensions of 700 x 300 x 250 mm, which is the exact size of 
the fused cast block damaged in the two glass melting furnaces mentioned above. The 
model has insulating brick layers like when it is built in. The geometry of the model 
contains shrinkage cavity sealed with refractory concrete and closed shrinkage defects (also 
known as shrinkage porosity) based on the casting defects of the AZS block shown in 
Figure 8. The blocks were made with a special casting method that ensures that the 
shrinkage cavities are located in the middle of the sidewall opposite to the hot sidewall near 
the surface. 

Figure 9 shows the schematic illustration of the model. The computed temperature 
distribution of the insulated AZS block is shown in Figure 10. The temperature curve 
characterising the central axis of the heated test object is shown in Figure 11. 
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Figure 8. The fused cast refractory block cut in half with shrinkage defects 

 
Figure 9. The industrial block model with insulating layers, casting defects  

and concrete sealing 
 

The insulating layers allow the cavity to reach the temperature level of 300 °C, so that 
we can declare: the gauge pressure in the cavity is not likely to cause damage to the 
refractory blocks once the steam has already flowed out from the shrinkage cavity through 
the concrete layer. For safety sake it is recommended to turn the blocks in a downward 
position after cutting, thus, the residual water (deriving from the wet cutting process) will 
freely drip out from the shrinkage cavity. 
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Figure 10. Temperature contours of industrial block (at 350 °C inside) 
Types of layers: 1 fused cast refractory; 2 S 60; 3 OFL 116; 4 SL 8P-140; 5 KFM 1400;  

6 SASI-Platte; P shrinkage porosity; S shrinkage cavity; C refractory concrete 
 

 
Figure 11. Temperature along the central axis at the end of the heating process  

as a function of distance from the heated surface 
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Conclusions 
 

In order to determine the temperature distribution in the fused cast refractory blocks 
during the first heat-up to 350 °C (which is temperature of damage in blocks of the glass 
furnaces) computational simulations were made with ANSYS FLUENT numerical 
simulation software. This provided an opportunity for comparison between the cavity 
temperature measured during the permeability laboratory tests and calculated with the 
program. Moreover, base data could be obtained for the simulation of a real-size refractory 
block. 
Based on the computer simulation the following can be stated: 

 the temperature distribution diagrams show the heat insulating effect of the gas 
phase inside the cavity, which has low heat conductivity; 

 due to significant differences in the technical parameters of the block, the gas phase 
in the cavity and the concrete, an inhomogeneous temperature field is formed around 
the cavity, slightly but not completely compensated by lateral heat transfer; 

 the differences between the temperature values determined by the computer model 
and those measured in the cavities of the test blocks are within the acceptable limits 
of industrial practice (approx. 10 °C); 

 in the case of a real-size block the insulating layers allow the cavity to reach the 
temperature level of 300 °C, so that we can declare: the gauge pressure in the cavity 
is not likely to cause damage to the refractory blocks once the steam has already 
flowed out from the shrinkage cavity through the concrete layer, which has a quite 
good permeability; 

 by turn the blocks in a downward position after cutting, the residual water (deriving 
from the wet cutting process) will freely drip out from the shrinkage cavity, thus, the 
damage of the blocks can be definitely avoided. 
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