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1.1. Introductiontc "6.1.
Úvod"
In the indirect-resistance furnace, the conversion of electrical energy into heat takes place in the resistance heating element, from which the heat is transferred thermokinetically (by means of convection, conduction, radiation and in a combined way) into the heated charge. The equipment of this type contains a chamber furnace stirring the charge and also heating elements.  

Indirect-resistance furnaces are usually used in industries, namely prevailingly in the processes of melting (metal, glass), heat and heat-chemical treatment, with products of malleable metals, enamelling, soldering, etc. 

It is the kinetics of the charge that belongs to the most important criteria for the classification of furnaces. From this point of view, the furnaces are classified on the basis of charge as follows:

· with the immovable charge (the charge does not move during the heating period),

· with the movable charge (the charge moves during the heating period).

In the low-temperature furnaces, the temperature of up to 600°C can be attained, in the medium-temperature and high-temperature furnaces, the temperatures from 600°C to 1100°C and more than 1100°C can be reached, respectively.

The elements of heaters are made of resistance alloys, heat-proof metals and non-metallic materials. To the group of resistance alloys the following items belong: 

· non-ferrous alloy of the Ni–Cr type (so-called nichrome — the permissible operating temperature of up to about 1250°C),

· Ni–Cr–Fe, Fe–Cr–Ni, Fe–Ni–Cr alloys (the permissible operating temperature of up to about 1200°C),

· Fe–Cr–Si alloy (the permissible operating temperature of up to about 1050°C),

· Fe–Cr–Al alloy (so-called ferrochromale — the permissible operating temperature of up to about 1400°C).

From a rather great number of metals having the high temperatures of melting, molybdenum, tungsten, tantalum and, to a small extent, platinum are used for producing the heating elements. 

As for the group of non-metallic materials, we prefer, among other matters, the following:

· silicon carbide SiC (the permissible operating temperature of up to about 1700°C),

· MoSi2 (the permissible operating temperature of up to about 1900°C),

· niobium carbide NbC (the permissible operating temperature in the controlled atmosphere of up to about 3000°C),

· graphite (the permissible operating temperature in the controlled atmosphere of up to about 3000°C).

The shape of the heating chamber (usually prismatic or cylindrical) depends mainly on the determination of the furnace and the charge type (Fig.1). That is formed by the metal lining and also the thermal insulation of prevailingly multilayer structure (refractory and thermal-insulating materials).

Heating the charge in the resistance furnacetc "6.2.
Ohřívání vsázky v odporové peci"
Let us consider heating the charge in the chamber of the resistance furnace (Fig.2). It is presupposed that the heat is transferred by convection and radiation. The heat output has, in virtue of Newton’s law, the following value:
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where:

Puž 
effective heat output transferred to the charge through its surface Sv,


coefficient of heat transfer,
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k
coefficient of heat transfer by convection,

r
coefficient of heat transfer by radiation,

kp
temperature in the chamber of the furnace, °C

v
temperature of the charge, °C.
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Fig.1.
Basic types of indirect-resistance furnaces with the immovable charge [1]
a - chamber, b - pit, c - crucible, d – tank , e - bell, f - elevator, g - car bottom, h - chamber furnace with forced air flow, i - boiler (water heater)
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Fig.2.
Charge heating in the chamber of the indirect-resistance furnace


V - charge, K - heating chamber, E – heating element

The coefficient of heat transfer by radiation can be calculated as follows:
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(3)

where:

C0
Boltzmann constant,


emissivity,

kp
temperature in the chamber of the furnace, K

v
temperature of the charge, K.

We can assume that = 0.8÷0.9, and the mean value of the coefficient of heat transfer by convection in furnaces without forced air circulation is k = 15 W/(m2K). The surface Sv occurring in formula (1) forms a part of the surface of the total charge (charges) Scv, through which the heat produced by the heating elements is being received:
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kk
coefficient of reduction (kk < 1).

For instance, for introducing two charges as illustrated in Fig.2 we can assume the following:
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On the contrary, when d = 0
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lv
length of the charge.

It is presupposed that the charge is “thermally thin”, i.e. all its points reach the same temperature at the same moment (evenly distributed heating). This assumption is fulfilled if the Biot criterion presented below [2] 
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has a value Bi < 0.25; s being the characteristic value of the charge (e.g. radius or width).

The period of heating tn and changes in the temperature of the charge v(t) can be determined by means of the graphic-analytical iteration method [3] providing that we know the heating characteristic of the chamber of the furnace kp(t) (Fig.3). For the thermally steady state of the furnace, an assumption that kp = const can be accepted.

On the axis of time (Fig.3) arbitrary time intervals (steps) t1, t2,ti,  tN  will be plotted; however, equal intervals should be chosen best (t1 = t2 =  = ti = = tN). The temperature of the charge is calculated for separate stages of the intervals: the initial temperature v0 is taken and v1is calculated, in the next time step for the known temperature v1, v2 is taken, etc.
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Fig.3.
Temperature changes in the chamber of the furnace ((kp) and in the charge ((v)

For example, for the third step t3 the following equation can be written:
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in which the left side of the equation corresponds to the energy transferred to the charge in the interval t3, and the right side to the heat accumulated in the charge. In that time the coefficient of heat transfer 3 on the basis of dependences (2) and (3) amounts to the following:
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where:
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It follows from Fig.3 that the temperature difference 3 is as follows:
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After introducing the dependence (10) into equation (8), we shall obtain the temperature of the charge in the time interval t3
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For the i–th time interval ti, the temperature of the charge is determined as given below:
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The specific heat itself ci should be accepted for the mean value of the temperature of the charge
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After calculating the other temperatures of charges according to the equation (12), we can draw the heating characteristic of the charge v = f(t) and read the heating period, after which the charge will reach the final temperature as follows:
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The plotting of temperatures of the charge and the period of heating will be considerably facilitated, if we assume the following: 

· the temperature in the chamber of the furnace is constant, kp = 0 = const. (Fig.4),

the temperature of the charge changes according to a parabolic function given below:
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· the coefficient  is constant (the mean value for the studied temperature range).

Then the equation (8) will have the following form:
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Fig.4. Heating the charge at the constant temperature in the chamber of the furnace.

The temperature difference  = 0 – v varies in the interval of heating. For the adopted parabolic behaviour of the temperature, we can determine the mean value of temperature difference as follows:  
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After introducing the dependence (17) into the equation (16) and with regard to the fact that the final temperature of the charge is vk = 0, we shall obtain
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Purpose of the program

The Program allows determining of the time required for the heat of charge in the indirect-resistance furnace and displaying of temperature progress of the charge in time dependence. Computation is pursued by iterative-analytic method according to principles said above and under those initial conditions:

· the temperature in the chamber of the furnace is defined by the temperature curves or it is constant,

· the coefficient of heat transfer by convection worth (k=15 Wm-2K-1.

Inputs for computation are material weight, size of interchange surfaces, the temperature in the chamber of the furnace and initial and final temperature of the heating material. Necessary material constants are saved in program database, which is possible to complement furthermore. Resultant temperature progress curve of the heating material is possible to display either in the form of table or sharply by graphic.
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