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Abstract. The ultra-fast cooling (UFC) system can accomplish high efficiency and uniform cooling.
To accomplish the high control precision of temperature by UFC, the differentiated mesh model was
developed in the finite differences model. Based on the one-dimensional unsteady-state heat
transfer model, the model for internal nodes and surface nodes of hot rolling strip were established.
Combine the models above mentioned, the finite differences model was developed. The application
results showed that the control precision of temperature was increased by 2%.
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1. Introduction

The resource-saving, environment-friendly and low-cost steel products are the requirements for
the fabrication industries. Ultra-fast cooling (UFC) is a significantly promising thermal management
technique when implemented in the aforementioned steel production process and especially in hot
strip rolling [1-3]. The thermo-metallurgical phase transformations of the steel take place during the
cooling process on the run-out table (ROT). The microstructure and mechanical properties of steel
are directly related to the cooling temperature [4-7].

The ultra-fast cooling (UFC) system can accomplish high efficiency cooling [8, 9]. The calculating
of the temperature deviation along the thickness direction becomes an effective way to improve the
control precision of temperature. In this paper, the differentiated mesh model was developed in the
finite differences model, and the model for internal nodes and surface nodes of hot rolling strip were
established based on the one-dimensional unsteady-state heat transfer model. Combine the models
above mentioned, the finite differences model was developed, and which was followed by the
application results.

2. Establish of Finite Differences Model
2.1 Differentiated Mesh Model.

When the finite difference method is used to calculate the cooling temperature field after strip
rolling, the solution precision is closely related to the sparsity degree of grid division and the selection
of time step length. The denser the grid division, the shorter the time step, the higher the solution
precision, while, the calculation amount will also increase exponentially.

In order to meet the demand of calculation precision and guarantee the timeliness of the
mathematical model calculation cycle, the differentiated mesh model was established. We take the
thickness of strip steel as unitl, the mesh number as 10, the schematic diagram of mesh model was
shown in Fig. 1.

We can see that from Fig.1, the mesh close to the strip surface is dense, while the mesh close to
the strip center is sparse, which not only ensures the accuracy of calculation, but also improves the
efficiency of calculation
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Fig. 1 Two or More References

2.2 Model for Internal Nodes.

The one-dimensional unsteady heat transfer differential equation without internal heat source is
shown as follow [10].

dt 1 d’
o (1)
dr  pc dx
Equation (1) is applied to time p and node i, the following equation can be obtained.
dt)'  a(dt)
242
dr )i pcldx” )

In equation (1), the first-order adopt explicit and forward difference, the second-order adopt central
difference, the following equation can be obtained from equation (2)
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There are some abbreviated as follows.
ATA 1
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And then, the equation (3) can be translated as follow.
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The model for the internal nodes can be obtained, and shown as follow.
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2.3 Model for Surface Nodes.

During the cooling process after rolling, the top and bottom surfaces of strip are cooled at the same
time. According to the product and process requirements of different steel grade, the heat transfer
status of the top and bottom surfaces of strip steel is often different. Therefore, the mathematical
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model calculates the heat transfer boundary conditions of top and bottom surfaces of strip steel
respectively. As the heat transfer process of strip is complex and changeable, the other heat transfer
forms are all reduced to convection heat transfer.

The third type of boundary condition is adopted for the determination of boundary conditions.
Therefore, the coefficient of convection heat transfer and the cooling medium temperature are set as
known. According to Newton's cooling law, the boundary condition of difference model is obtained
and shown as follow.

dt

X = Oﬂv&: hm(](tmO _to) )
dt
= dA—=h,(t,, —t
x = dd=h,(t, L) (10)

To solve the heat transfer at the boundary node of strip steel, the heat balance method is used, and
the balance equation of the energy input and energy output of the nodes are established, which is
shown as follow.

pcd .top“ -t; 3 tf —t)

2 At d,
The model for top and bottom surface of strip can be obtained by equation (11), respectively.
Combine the models of inter nodes and surface nodes, the finite differences model can be obtained

as follow.
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The temperature at different time can be obtained by solving the above difference matrix by
iterative method.

3. Application

The new developed model was successfully applied to a hot strip plant. Table 1 shows the control
precision of temperature on the typical steel grade.
Table 1 Control Precision of Temperature
Control precision (%)

Steel grade Statistical quantiles Before Optimized
Q235B 108 93.28 95.13
Q345B 82 91.95 93.42
SPHC 96 92.46 94.13
HP295 79 91.55 93.02
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It can be seen that from the Table 1, the control precision of temperature on different steel grades
had been nearly improved by 2%.

4. Summary

To accomplish the high control precision of temperature by UFC, the differentiated mesh model
was developed in the finite differences model. Based on the one-dimensional unsteady-state heat
transfer model, the model for internal nodes and surface nodes of hot rolling strip were established.
Combine the models above mentioned, the finite differences model was developed. The application
results showed that the control precision of temperature was increased by 2%.
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