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Abstract: Paper deals with heat transfer through beam supports of wagon structure
for transportation of hot steel ingots. It is well known that changing of the material
properties at high temperatures leading to reduced carrying capacity of structures.
Therefore, it is necessary to know the temperature distribution in the carrying element
to avoid disturbing the integrity of construction. Basic equations which governs the
problem of heat transfer in terms of finite element method (FEM) are presented taking
into account the initial and boundary conditions. Heat transfer through beam supports
of wagon structure for transportation of hot steel ingots is solved by software PAK
Multyphisics. It is shown that the temperature of carrying elements is slightly elevated,
which does not affect the normal operation of wagon construction.
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1. INTRODUCTION

A number of numerical methods are developed to solve problems in the field of
structural mechanics, heat transfer, fluid mechanics and coupled problems. Among the
numerical methods, the fastest growth was experienced in finite element method
(FEM) with many commercial software packages. FEM calculations in wagon design
has a very significant role in the calculation of static and dynamic strength of wagon
structure, heat transfer and failure criterions.

Flat wagons are special wagons' type for transportation of steel ingots. Hot
steel ingots transfer heat by conduction, convection and radiation to the structure of the
wagon. Flat wagons have no walls or low walls not higher than 60 cm. The influence of
heat transfer must be calculated in order to avoid cracking and failure of certain parts
of wagon structure.

This paper presents the basic equations of heat balance taking into account
differential equation of the internal energy changes, Fourier's law of heat, initial and
boundary conditions of the problem. As an application of the theoretical part, it is
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showed problem of the heat transfer through beam support of wagon structure. Finite
element model is solved with finite element solver PAK-T [1] which is one of the
software modules of PAK Multyphisics.

2. BASIC EQUATIONS OF HEAT BALANCE

Differential equation of heat balance through solid bodies consists of Fourier's
law of heat and equation of change of internal energy as described in [2] and [3].
Differential equation of heat balance can be shown using matrix notation as:

R
e TN T v g2 0
pery NN+ g

Solution for temperature field T(x,y,z,t) that satisfies given initial and boundary

conditions is to be found, in scope of practical solving of the problem. Initial conditions
are given only for transient problems. Boundary conditions can be:

a) given temperature at S, part
T-= ﬂ(x,y,z,t)
b) given flux at S, part

qn - qn(x’y’z’t)
c) given heat convection at S, part

q, - h(To - Tv)
d) given radiation at S, part

q,=h(T,-T)

where S,,5,,5; and S, are parts of the surface S, as symbolically represented in fig.

1. Temperature 7, is surface temperature, ¢,,q, and g, are fluxes through the
surface, T, is environment temperature, 5 is coefficient of convection, f is

coefficient of radiation and 7. is the temperature of radiation source.

»

zA

Surfaces:

- Si - given temperature 7,
¥y S,- given flux g,
S5 - convection, flux g,
Sy - radiation, flux ¢,

Figure 1 Boundary conditions for heat transfer through solid
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Analysis of heat transfer through the beam support of the wagon structure calculated by
software PAK multyphisics

Since the wagon structure is exposed to high temperatures, there is a significant
change in the coefficients of heat depending on the temperature. Therefore, non-linear
thermo-mechanical analysis can be implemented with implicit iterative method of
solving non-linear problems:

%ic(i—l) + K(i—l)HA T(i) - z+At("2(i—1)
C Af r

where Q" are determined as:

1
At
Matrix KD contains matrices for conduction, convection and radiation respectively.
Procedure of solving equation (6) is rather described in [2] and [3].

3. CALCULATION OF HEAT TRANSFER THROUGH BEAM SUPPORT OF
WAGON STRUCTURE

This example considering a beam supports for steel ingots simultaneously
exposed to thermal loads (fig. 2). In observed case of loading steel ingot have a
temperature up to 500 °C. Steel ingots are placed on 8 beam supports. There is a floor
panel as a thermal shield between beam supports and wagon structure.

t+AtQ(i-1): t+AtQ(i-1) _ K(i-l) t+AtT(i-1) _ C(i-l) t+AtT(i-1)_ tT

Beam supports for steel ingot

ase 1 Time 1., Contour: Temperature

Figure 3 Temperature field of beam support-isometric view
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Finite element mesh of beam support was created by shell and 3D elements.

There are the following boundary conditions for this problem: (a) temperature of 500 °C
at the surface where the ingots are loaded and (b) convection on surface where beam
support is in contact with the floor panel of wagon structure. In figs 3. and 4.
tempearature field of beam support is shown.
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Output Set: Case 1 Time 1., Contour: Temperature

Figure 4 Temperature field of beam support-XY view
4. CONCLUSION

Analysis of wagons for transportation steel ingots is an example of how to successfully
solve heat transfer problems in a practical example that is very commonly found in the
railway industry.

Presented results proved that heat transfer analysis of beam support structure satisfy
the criteria defined by mentioned standards and proposed boundary conditions. It can
be seen that the effect of heat transfer throught steel ingots has no influence on a floor
panel at the given boundary conditions. Also, paper presents successful solution
problem of heat transfer in software PAK-T.
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