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Abstract

Continuous steel reheating furnaces belong to high-energy consumption units and an optimization of their
operation can thus bring significant economic and ecological benefits. Numerical modelling is one of the tools
for an optimization of a design, process parameters and operation control of the furnaces. A 3D zonal model
of a continuous gas burners heated walking-beam furnace is introduced in this contribution. A solution of heat
transfer process in the furnace is based on a Hottel zonal method and compartment based discretization. The
solution includes convective and radiative heat transfer in the furnace including a participation of a semi-
transparent gaseous furnace atmosphere. A method of direct measurement of a charge heating in a continuous
walking beam furnace is presented. The method is based on a thermal-box barrier device, which allows
temperature measurement of a tested beam during its entire passage throughout the furnace. Results obtained
by the numerical simulation and the measurement are compared and a good agreement is confirmed. It is
demonstrated that the presented zonal model is an effective tool, which can bring accurate enough results at
a very acceptable time.

Keywords: Walking-beam furnace, steel reheating, radiation heat transfer, numerical model, zonal method,
temperature measurement, thermal box-barrier

1. INTRODUCTION

Periodical, continuous or carrousel type furnaces [1] are often used for heat treatment of products or their
heating before subsequent technological operations. The processing temperatures in industrial continuous
furnaces for steel reheating often exceeds 1,000 °C and are very large energy consumers. An optimization of
their operation can therefore bring financial savings as well as technological improvements and reduction of
production of environmentally harmful substances.

The optimization of the furnace s operation is mostly based on a numerical modeling. Complex numerical
models based on continuum fluid dynamics are developed for a detailed description of the processes inside
the furnace. These models are mostly very extensive and not suitable for an on-line optimization or processing
parameters adjustment. Such a complex walking-beam continuous furnace 3D model is presented for example
in [2] or [3]. Simplified numerical models are developed for an optimization of a furnace operation process.
Different simplifications are used in these approaches, for example geometrical simplifications or solved
thermal processes reduction. These models are fast enough for an on-line optimization of the furnace
operation, however, a lot of empirical knowledge are mostly required for their reliability. Such a model
developed for a continuous furnace optimal heating control system is introduced for example in [4]. Except of
these approaches, numerical procedures with an acceptable variability, solution accuracy and computing
speed are developed [5].

Often used approaches use zonal models, which are used for numerical modelling of furnaces for example
in [6], [7] or [8]. These models are based on dividing of the furnace volume to several zones and a separate
solution of heat transfer inside the zones and heat exchange between the zones. The 3D zonal model based
solution was adapted in this work for a walking beam type furnace. The model introduced combines analytical
procedures of radiation view factors computation with a numerical solution of the heat transfer problem. The
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solution includes radiation, convection, participating of a semi-transparent gaseous media, charge movement,
heat transfer in charge and heat transfer in furnace parts. The used approach allows developing of a flexible
and adaptable model, which solution is fast enough for an engineering computations including furnace and
processing parameters design, for example.

2. WALKING BEAM FURNACE

Walking beam furnace [2][9] is a continuous type furnace, in which a charge moves through the furnace from
one end to the other. The charge is distributed in the furnace with spaces between individual beams, which
are moved by a walking mechanism. The charge heating process is mostly defined by a heating curve and a
control systems of the furnace adjusts a temperature in the furnace zones in such a way that the charge
temperature corresponds to the temperature prescribed by a heating curve.

A definition of heat transfer processes in the furnace is crucial for design of the furnace and control of the
heating process. Both convection and radiation heat transfer are involved in processes inside the furnace.
However, the radiation heat transfer is mostly dominant at high temperatures. Two important features are
related to the radiation heat transfer in gas burners heated walking beam furnaces, which are the subject of
this research. The first one is connected with specific combustion products properties, which are partially
transparent and their radiation properties depends on their chemical composition, temperature and
a thermodynamic state. The second one is connected with a geometrical configuration. Each piece of the
charge moves individually throughout the furnace and changes its position during the heating process. Thus,
geometrical definitions for the radiation heat transfer are more complicated than in furnaces with a constant
geometrical configuration.

3. NUMERICAL MODEL AND EXPERIMENT DESCRIPTION

A gas burners heated continuous walking beam furnace for steel beams reheating was an object of our
research. The furnace length and width was 43 m and 9 m, respectively. The furnace had a capacity of 65
beams and the length of one step of a movement of the beams was 660 mm. The charge-beams had a circular
cross section of diameter 410 mm and their length was 5,500 mm. The beam passed though the furnace about
450 min and its maximum temperature in the soaking zone was about 1,300 °C. The beams were moved by a
water-cooled walking mechanism.

A zonal model was developed for a numerical computation of a heating process in the furnace. It includes all
significant energy balance and heat transfer processes in the furnace:

° Heat input into the furnace due to burners including combustion process inside the furnace.

° Heat exchange inside the furnace - heat transfer (radiation, convection or conduction) between
combustion products, furnace internal parts and charge.

° Internal heat transfer - heat transfer inside charge, furnace walls and other furnace internal parts.

° Input / removal of the charge into / from the furnace, respectively, and moving of charge in the furnace.

° Heat removal by combustion products outlet through a chimney, heat transfer to a furnace surroundings

or heat removal by cooling water.

It is a 3D transient model, which combines discretization based numerical computations with simplifications
based on empirical knowledge or experimental calibrations. Some geometrical simplifications were used, but
the model in principle respects geometrical relations and their changes, i.e. a charge movement. The furnace
was divided into several zones. An average temperature of combustion products is assumed in one zone. The
heat transfer problem is solved according to the Hottel zonal method in each zone and each time step.
Individual charge pieces (beams) and furnace walls are divided into compartments, between which there is
conduction heat transfer. Material properties of the charge, furnace parts and combustion products are
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temperature dependent. Combustion products flow is not solved but a heat transfer coefficient is estimated
based on conditions in individual zones. Similarly, heat loses in zones are also set based on empirical
knowledge. Interaction between individual zones is limited to a transfer of the combustion products and beams.
Energy balance between entering and leaving heat/mass flow is then solved for each zone. The model works
as transient and a steady state is achieved by a sufficiently long computational time, which was set to 15 hours
in this case. The simulation results are temperature distribution in the beams during their passage throughout
the furnace and other thermal information, for example energy consumption or heat fluxes.

Results of the numerical modelling were verified by a direct measurement of an experimental beam. The
measurement was performed in a similar way as described in [10]. Temperature of the beam during its passage
throughout the furnace was measured by thermocouples at different positions. The thermocouples were
connected to a data-logger, which was placed inside a thermal box-barrier (TBB). The TBB moved together
with the experimental beam throughout the furnace and protected the data-logger against high temperatures.
The data-logger was removed from the TBB after its output from the furnace and measured data were
transferred and saved to a control computer.

4. RESULTS

The furnace temperature measured by the thermocouple near a top surface of the beam increased up to about
700 °C immediately after the beam entered the furnace. Then it increased up to about 1,300 °C in time 250-
350 min. The furnace temperature then remained stable (a soaking zone) at the level about 1,300 °C up to an
output of the beam from the furnace. The temperature at the beam axis increased from the initial temperature
(2-10 °C) to about 700 °C in 200 min and to about 1,270 °C in 400 min. The beam temperature then was
homogenized and increased slightly up to the furnace atmosphere temperature 1,300 °C at the end of the
furnace.

A comparison of the measured and simulated results in Figure 1 showed that the furnace atmosphere
temperatures were in a good accordance. The simulated beam temperatures were higher than the measured
of about 100 °C in a 1st heating phase in time to about 150 min. However, the simulated and measured
temperatures came together in next phases of the heating process and were very similar at the end of the
furnace, where the differences between measured and simulated temperatures in the beam axis were from 10
to 20 °C.

Measured and simulated (modified) temperature
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Figure 1 Measured (lines) and simulated (points) temperature of the furnace atmosphere and the
experimental beam
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5. CONCLUSION

The numerical simulation model based on a zonal method for continuous walking beam furnace for steel
beams reheating computation was introduced. Results of the numerical modelling was compared with a direct
measurement, which was made by thermocouples using a thermal box-barrier. It was presented that a
difference between measured and computed beam temperature was 10-20 °C at the end of the furnace. It can
thus be concluded, that a very good agreement between the measurement and numerical computation was
achieved.

The used approach allowed to perform the computation of the 15 hours of the heating process using a standard
personal computer in about 25 minutes. This result was significantly better than comparable full-featured finite
elements or finite volumes based models. Thus, it could be an ideal tool for a furnace parameters design or
for a design of a heating process parameters for different operation requirements.
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