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Project Assignment of Numerical Heat Transfer course of Xi'an Jiaotong
University (1) (20211208)

Please use the teaching code of this course (available for download on
http://nht.xjtu.edu.cn/) to calculate the following unsteady heat conduction problems:
The cooling process of a metal casting in molding sand is simplified by two sub-problems: the
unsteady heat conduction problem of two-dimensional square castings under the first kind of
boundary conditions as shown in Fig. 1 and the unsteady heat conduction problem of molding
sand as shown in Fig. 2 by the grey part. Please verify by numerical simulation:
1. Physical property that affect the speed of temperature changes in solids under the first kind
of boundary conditions is the thermal diffusivity:

The main physical parameters affecting the thermal conductivity of solids are density p,
specific heat capacity ¢, and thermal conductivity 4. Please use the numerical method to verify

that under the first kind of boundary conditions, when the thermal diffusion coefficient

a:% remains unchanged, the unsteady thermal conduction process of the solid is

independent of the thermal conductivity 4 of the material.
2. When the inner boundary of the sand mold maintains a constant temperature, the heat

absorption within a certain time of the sand mold varies almost linearly with +/pc) .

In foundry engineering, the +/pc)A of molding sand is called its heat absorption

coefficient to characterize the heat absorption capacity of sand mold. Try to verify the above

statement numerically by using teaching code.
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Fig. 1 Fig. 2
(Select the thermophysical properties of casting materials and molding sand materials by
yourself)

Tips and requirements:



1. The following governing equation of constant heat conduction should be adopted for

discretization:
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in which pC, and A are respectively attached with transient term and diffusion term.

2. It is required that the first kind of boundary conditions should be realized through the third
kind of boundary conditions, that is, the program is developed according to the third kind of
boundary conditions to practice the implementation of the additional source term method;
Then make the heat transfer coefficient 4 take a large value to approximate the first kind of
boundary conditions.

3. It is suggested to define the time taken for the central point temperature to decrease to 1 / 2

of the initial value as the thermal response time 7, and the speed of temperature change can

be compared by comparing the thermal response time.
4. For the first problem, a higher initial temperature can be set. When t = 0, the solid boundary
temperature suddenly decreases to a lower temperature and remains unchanged. It can be

verified by calculating and comparing the thermal response time 7, with the thermal

diffusivity a remaining unchanged (the reference value is in the order of 10°m?/s) and different
A taken (take 5-6 different values, the ratio of the maximum and minimum values at least 5).
Grid independence and time step independence need to be assessed.

5. For the second problem, the calculation area shown in Figure 2 (gray part) can be used; Set
the temperature of the outer boundary to a certain value, such as the ambient temperature, the
temperature of the inner boundary suddenly rises to a certain value, and calculate the heat
obtained in the calculation area within a certain time interval (such as the first 100 seconds)
under 5-6 heat absorption coefficients (change at least 2-3 times). In addition to the assessment
of grid independence and time step independence, it is also necessary to make the size of sand
mold L large enough, that is, further increasing the size of outer boundary has little effect on

heat absorption, so as to eliminate the influence of outer boundary.



