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1. Introduction

There is often demand in the glass industry for determining some significant thermal parameters of furnaces and equipment in operation. In many cases, this task is an effort- and time-consuming one, often becoming an impossible one. A one-spot temperature reading is not enough when one wants to properly assess the technical condition and reliability of equipment, as well as a specific technological process, particularly when there is an intense heat exchange. Thermovision then comes in very handy indeed as it makes it possible to obtain information on temperature distribution on the outer surfaces of any examined objects. It is possible to observe, record and subsequently analyse the existing temperature fields. Quite often observation of internal surfaces of furnaces and equipment is also necessary; this task being accomplished with the aid of a furnace periscope. It may also be used for observations of the flame, for batch management, placement and melting in the glass furnace, especially for estimates of fireproof material consumption.

2. Assessment of technical condition of glass furnaces

The largest number of discoveries in the current research experience come from thermovision and periscope methods applied in furnace diagnostics. Work conducted in this field may be split into two groups:

· aimed at detection and location of endangered spots in order to undertake temporary protection measures,

· aimed at quantitative estimate of the degree of wear of the refractory lining in order to extend the furnace campaign.

Results of the research and analyses of the heat exchange phenomena were used for establishing the degree of the ceramic structure wear, on the basis of which the technical condition of the equipment was assessed.

As the refractory lining is destroyed in the inner, invisible surface of the furnace, it is essential to determine the remaining thickness on the basis of the temperature in the outer surface. The method uses the phenomenon of heat flowing from one medium (i.e. the inside of the furnace) to another medium across a solid wall (e.g. tank walls). The heat analysis in this case consists in determining the density of heat fluxes: transferred from the glass melt to the refractory material, conducted by the ceramic structure and released into the environment. If we assume that the heat flow is unidirectional and that the technical condition of the refractory material is steady, the heat fluxes are equal; comparing their values, we may obtain the functional relationship of the refractory material thickness and the external temperature.
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After a transformation, the formula for the refractory material thickness is obtained:
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where:

(
thermal conductivity for refractory material for temperature in the range from TW to TZ [W/mK]

(Z
surface film conductance (convection) at the refractory material – air boundary [W/m2K4]

(
average emission index for the outer surface of the refractory material 

(
the Boltzmann constant [W/m2K4]

TW, TZ
internal and external temperature of the surface of the refractory material [K]

TO
ambient temperature

The thermovision method and the assessment method applied for the refractory material presented above constituted the basis of research with respect to many devices operated in the glass industry. Analyses of the results from several dozens furnaces gave rise to practical knowledge, and the location of spots where the material wear is most intense has become possible.

Now we can state that refractory material wear is the most intense always at the level of the surface of the melt. In many cases, it was found out that material is intensely worn out in the vicinity of the dog house in the corner block of the melting tank and in the vicinity of the throats in the place where they are connected with the tanks, especially in the top plate.

The tank blocks are more intensely worn out in the areas of the cross-fired furnace in their melting ends, where the highest temperature prevails. With horseshoe-flame furnace, the most intense material wear in the side walls has been noticed in the fire space in the face wall and in the lower port wall in the tank, as well as in the area across the feed. In furnaces with electrode heating, intensified material wear occurs in the electrode area. More intense material wear may also occur in the block joining, especially when their surfaces are placed at a distance, or are irregular, thus allowing for melt inflow.

In the initial stage of the furnace campaign, the furnace is being worn out at a certain fixed rate; when the block thickness is reduced due to better heat reception, this rate decreases.

Application of cooling in critical spots in due time allows for slowing down the material wear processes.

Thermovision research may thus be applied for optimisation of the furnace cooling system, as well as for practical location of the spots where the melt affects the materials by way of corrosive and erosive influence.

The thermovision furnace diagnosis method described here is most often used for the tank, i.e. for the part of the furnace which is covered with the molten glass, thus being invisible during a regular furnace operation.

This method may also be used for assessment of the material condition above the melt surface, in the superstructure, around the port passage and the crown. The furnace periscope is also used for this purpose, allowing for the observation of the hard-to-reach inside areas of the furnace, facilitating the location and determination of any damages sustained by the refractory material, etc. This assessment consists in the visual observations of the refractory material wear in the crown, in the side walls and in the port outlets, as well as in determining the port passage and the checkers patency.

3. Assessment of the heating systems in terms of their thermal action

The basic problem in making the furnace operation effective is to properly select the port passage and the fire space structure, so that the flame shape is appropriate, thus resulting in heat penetrating the melt. Efficiency of the system depends on two factors:

· maximisation of heat utilisation resulting from burning fuel in the fire space,

· minimisation of the stack loss by returning as much heat as possible to the technological process.

As [8] shows, reduction in fuel consumption is proportional to the increase in melt flame coverage, thus designers attempt to have it increased, as well as at providing maximum possible flame length (e.g. by constructing horseshoe furnaces). However, if the heating systems are to operate properly, the ports shall be appropriately regulated, providing the required flame length and shape. Often, especially with any long-term furnace operation, the ports lose their settings, and some irregularities in the heating system occur.

When the thermovision method is applied for the assessment of heat distribution in the outer surfaces of the furnace fire space, it is possible to locate spots with the increased temperature. Results of these tests provide information on the port arrangement, symmetry or its lack in the fire process, and, when related to heat regulations, they allow for improving the operating conditions for refractory materials and for eliminating unwanted heat losses in the furnace envelope. Thermovision examinations may also be used for the assessment of thermal operation of equipment used for heat recovery. Comparing temperature distribution schemes yields information on the combustion process in particular ports and about insulation and tightness efficiency of particular checker chambers.

Periscope examinations may be equally helpful in the assessment of the heating system operation. Checking of the flame and of the melting process may be used for detecting faulty operation like port passage and shape growth, rubbling, melting and patency loss. As a result, the melt surface may be improperly heated and melting efficiency shall diminish, while flame bending, e.g. towards the crown, shall result in excessive furnace wear. These examinations may also be used for technological and thermal purposes, during which the batch melting is observed along with its shaping on the surface (the batch zone and seed) and the flame operation (length, shape, position against the surface) in the melt, which affects the melting intensity. Periscope observations allow for the assessment of the lining condition in the checker chambers. When examinations were conducted in one of the glass plants, the checkers orifices were significantly reduced, which resulted from the melt settlement and from the increase in the refractory material volume due to the chemical reactions.

4. Thermography as method for detecting the sources of heat losses

The on-going adjustment of fuel prices makes research in reducing energy consumption steadily more and more relevant. The glass industry, due to high-temperature technological processes (especially melting), has immense heat demand and is highly energy-consuming. Analyses of glass furnaces show that their actual efficiency ranges from 10 to 40 per cent. Thus, large portion of the fuel chemical heat content used for the process is lost. It may well be assumed that about 50% of this loss is attributable to the stack loss; the other half being losses in the furnace envelope.

Many companies aim at optimising energy consumption by its proper management, especially when the actual stability of the technological process itself is the order of the day. Almost nobody exercises any control over heat losses, however, mainly due to the cost and time needed for traditional temperature measurements (thermocouples, resistance thermometers). Application of thermovision technology has become one of the efficient methods of determining these losses. The examinations allow for identifying the zones with the increased temperature, thus locating the areas where the incidence of any such losses is the highest. These include usually vaults, port passages, side walls of the furnace and the checker chamber vaults. Detection of places with intensified heat emission from the furnace surface may be applied for correcting the equipment thermal balance. Often it is enough to undertake the necessary measures for improving insulation in order to save energy and eliminate the undesirable heat losses in the furnace envelope.

It is clear that the furnace envelope must be insulated and that this shall result in energy savings. However, after insulation, materials operate under more difficult conditions, due to the increased external temperature. Presently there is a world trend to reduce the amount of energy being released into the surroundings by way of using better quality refractory materials.

5. Summary and final notes

The glass furnace diagnostics is of high importance, as it helps to prevent breakdowns, determine the actual scope of repairs, reduce the energy consumption and increase efficiency. Application of thermovision and the furnace periscope in the industry has already proved the high validity of this research, as well as allowed for comprehensive solutions to be found. In many cases it was possible to extend the furnace MTBF periods, while regular research allowed for determining how the furnace operation and start-up procedures affect its technical condition. The furnace technical examinations and location of the risk zones made it possible to adopt the appropriate measures in the right time (e.g. have the local cooling increased, set the ceramic inserts, etc.), thus facilitating a safe operation of the furnace in the future.

Thus, the practical application of the research allows for:

· precise assessment of the furnace technical condition, determination of its further safe operation and the scope of required repairs,

· extension of the assumed operational campaign under regular production conditions.

Apart from the advantages of an extended furnace campaign, improving the heating system operation conditions, elimination of undesirable heat losses, results of the furnace examinations may also be used for the prospective design projects.

Thermovision may also find its application wherever temperature distribution or changes of temperature in time may imply the incidence of any such phenomena. In the glass industry it refers mainly to the technical condition and thermal operation of the production equipment, but it is also possible to manage the production line from melting to the product forming and annealing. As a result, the product assessment and quality may be improved.
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