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Abstraks: Chamber electric resistance furnaces (CRF), used for performing of various heating processes, are powerful consumers of 
electric power. During  their operation, different deviations from the original construction may appear and defects, such as: defects in the 
insulation and the gaskets, deformations of the  body, and others. They result in increased thermal flow, running from the chamber to the 
ambience, increased thermal losses and, as a whole, increased electric power losses. This problem is of special concern in view of current 
energy efficiency criteria and its solution is sought in the following directions: analysis of the energy efficiency of the furnaces at the stage of 
their design; analysis of the reconstruction and repair works due to worn-out equipment, consisting in replacement of thermal insulation in 
order to decrease the losses.  
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1.  Introduction 
 

The analysis of the options for improvement of the energy 
efficiency of industrial chamber electric resistance furnaces (CRF) 
was carried out in two directions: 

• Design of new CRF. The established methods for 
designing [1] are graph-analytical, based on criterial 
dependencies (Bi, Fo, Sk etc.). With them, table or 
graphical dependencies are used, which makes them hard 
to use and insufficiently precise. Moreover, the end result 
is directed towards obtaining mass-geometrical 
characteristics of the furnace and determining the required 
materials. With these methods, there is no information 
about the running thermal processes, the distribution of 
thermal energy in the insulation and in the charge being 
treated, the distribution of thermal flows, etc. This 
indicates that design methodologies need certain 
modifications in direction of applying mathematical 
modeling methods at the stage of designing. Although this 
approach is also widely used, its application in direction of 
energy efficiency analysis should be discussed in more 
details.  

• Reconstruction of worn-out CRF. The issue of increasing 
energy efficiency by repair works is also of current 
concern. The defects occurring in the process of thermal 
equipment operation result in increased losses and 
decreased efficiency, respectively.  

The purpose of this study is to analyze the opportunities for 
energy efficiency assessment and improvement at both stages: 
designing of new facilities and reconstruction of ones already in 
operation.  

The analysis is based on specific examples for application of 
mathematical modeling and simulation in order to carry out energy 
analysis of the equipment and assessment of the energy efficiency at 
the design stage. Experimental studies are presented, conducted 
with furnace equipment, identifying the need for repair works. A 
description is given of the procedure to follow when carrying out 
repair works and the efficiency is assessed. 

  
2.  Analisis 
  
Mathematical modeling of CRF makes it possible to determine 

the distribution of temperature in the working space and in the 
insulation as well as the distribution of thermal flows. The latter are 
divided into a summary thermal flow of losses and a useful flow, 

directed towards the charge being treated. Fig.1 shows the 
experimental results obtained by help of thermo chamber: (A) start 
and end of a heating process realized through positioning of heated 
details in a heated furnace; (B) distribution of the temperature along 
the surface of a pipe; (C) a sample transitional process achieved by 
computational procedure. 
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Fig.1. Thermal equipment. А: distribution of the temperature while 
details are heated – start and end of the heating process; В: 
distribution of the temperature along the surface of the heated pipe 
and along the diameter 1-2; С: sample transitional  process of 
heating: 1 – heater; 2 – heated detail; 3 – temperature in the 
insulation of the furnace. 

The studies presented here show that the temperature in the 
working space is not uniform during the transitional process; it 
depends on a number of factors: construction of the furnace; 
condition of the insulation during operation; regulation of the 
heating process through the furnace controls; thermal characteristics 
of the heated details, etc. This shows that these factors must be 
accounted for as early as at the design stage by use of modeling, 
where the goal is to achieve a uniform temperature field with 
minimal losses.  

A modification of the design methodologies requires 
introduction of a software realization of mathematical modeling for 
assessment of the CRF energy efficiency in relation to the 
technological mode [2,3,4,6]. Depending on the mode, it is possible, 
through simulation based on a mathematical model, to obtain 
optimal (towards an accepted criterion) mode parameters of the 
process. In order to specify the total quantity of thermal energy, lost 
during the transitional process, it is necessary to calculate, through 
the simulation procedure, the thermal flows and the respective 
powers. It is on that basis that the efficiency factor is determined for 
a specific mode under specific conditions. The efficiency factor 
serves as a criterion when designing a new furnace and also on 
assessing the efficiency performance of an existing facility.  

The quantity of heat iak,Q  stored in the thermal insulation is 

determined by the attained transitional temperature iτ  depending 
on thе duration of the process [1,5]:  

Qak,i =ci .mi .(τ i− τ о,с)    (1) 

Where: ii m,c .  - characteristics of the medium, specific 

thermal capacity or mass, respectively; со,τ  - ambient temperature; 

The equation of the useful quantity of heat is of identical 
structure (1); it registers the thermal characteristics of the heated 
detail and its temperature iτ . The installed electric power capacity 

inP  is different depending on the mode, but it is assumed to be 
independent of the temperature, and the power is calculated 
accordingly:  
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The efficiency factor η is obtained as dependent of the mode, 
or the duration of the process, respectively: 
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The main point in the modification of the methodology 
consists in affording the opportunity to analyze the distribution of 
thermal energy in the individual elements of the furnace & heated 
charge system. This enables accounting for the energy 
characteristics of an electrothermal unit as early as at the design 
stage.  

Fig.2 (A) graph 1 presents the efficiency factor as starting 
from the maximum and decreasing along with the temperature 
being established. The start of the process is shown in graph 2(A). 
In the same figure (B), graphs 5,6 show the accumulated energy in 
one of the walls, in the two layers of CRF, whereas graphs 1,2,3,4 
show the accumulated energy in the surface layer, the second, third 
and the center of the body, respectively. The energy analysis is 
presented graphically (C) by graph 2: total losses, obtained from the 
sum of graph 3: losses to the ambient medium and graph 4: losses in 
the walls. The total power (graph 1) is the sum of the total losses 
and the energy in the body (graph 5). 

  

 
Fig.2 Energy analysis of CRF in uncontrollable mode. A- 1,2 – 
efficiency factor, B – accumulated energy in one side of the furnace 
layers (5,6) and the body (1,2,3,4); C – 1 total losses, 2 – summary 
losses in the walls of CRF and the ambient medium, 3 – losses to 
the ambient medium, 4 – losses in the walls of the furnace, 5 – 
energy accumulated in the body.  

The controlling process for the same CRF model is shown in 
Fig.2, where the values remain the same. Graphs 2(A) and 5(B) 
show a trend towards establishing the values, i.e. with the 
establishing of the temperature, the thermal energy in the body is 
also established. 

SCIENTIFIC PROCEEDINGS XI INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2014 ISSN 1310-3946

YEAR XXII, VOLUME 2, P.P. 40-43 (2014)41



The data from the model and experiment, having been 
repeatedly ascertained, show the following dependency: the 
efficiency factor is greater with similar sizes of the chamber & 
detail system, and it decreases along with the increase of the size 
difference (a small body being heated in a large chamber). Thus the 
energy analysis can be used to set criteria for the geometric sizing 
of the system, i.e. CRF can be used for details of random sizes with 
sufficient results.  

The issue of finding out the efficiency factor of the furnace & 
detail system is connected to a specific setting and mode of 
operation. For example, the energy analysis when simulating the 
heating of an empty furnace aims at determining the losses through 
the walls to the ambient medium, but the calculation of the 
efficiency factor must start after the detail has been placed in the 
working chamber. Another feature of the energy sizing is the case in 
which the heaters are turned off when the process has been 
established. The disconnection of the electric power supply leads to 
incorrect accounting of the efficiency factor, which necessitates the 
inclusion of extra conditions in the simulation process to 
discontinue its calculation. 

 
Fig.3  Energy analysis of CRF in controllable  mode. A – 
accumulated energy in one side of the layers of the furnace (5,6) 
and the body (1,2,3,4); B – 1 total losses, 2 – summary losses in the 
walls of CRF and ambient medium, 3 – losses to the ambient 
medium, 4 – losses in the walls of the furnace, 5 – energy 
accumulated in the body. 

The methodology for assessment of the CRF condition and the 
necessary repair activities, has the following sequence [2,3,4]:  

1. Measurement and analysis of the consumed electric 
power per working cycle. The control over the 
consumed electric power offers the possibility to 
determine the condition of the furnace and its wearing-out 
during operation. The consumption for one heating cycle, 
detected to be larger than the nominal one with a certain 
technological process, is determined by the increased 
losses through the insulation as a result of defects. This 
indicates that a thorough inspection is needed, including, 
in particular, measuring the temperature along the furnace 
body.  

2. Inspection of the furnace in operative mode through 
thermographic measurements. The measurements with 
an IR thermographic chamber are meant to determine the 
distribution of the temperature field in all main 
constructive elements of the furnace. The measurement is 
supposed to afford a possibility to determine the condition 
of the insulation and to detect zones on the body where 
the temperature is increased due to defects, etc.   

3. Analysis of the obtained results. The analysis of the 
obtained results is supposed to summarize the condition of 
the inspected facility. It requires that a full list be made of 
the detected defects, areas of increased temperature on the 
body, condition of the gasket elements, etc. It is at this 

stage that an expert assessment should be given about the 
technical resources needed for the repair works. 

4. Economic analysis and determining of the necessary 
repair activities. The economic analysis is based on the 
results obtained so far and is intended to determine the 
volume of the required repair activities. The purpose is to 
make an economic validation, through which a decision to 
be taken by choosing among the following options: partial 
repair, thorough repair, complete replacement of the 
furnace. 

The results from the reconstruction of the furnace equipment, 
conducted by use of the suggested methodology, are shown in 
Fig.4: A – defects in the insulation causing increased temperature in 
the furnace body; B – furnaces reconstructed by use of new 
thermoinsulating and fireproof materials. Measurements show that 
the defects in the insulation increase the losses and lead to 
deformation of the temperature field in the furnace chamber, 
increased financial costs and low-quality production. 

  

     

     

     

     

Fig.4 Measurements by thermochamber showing: A –  furnaces 
subject to reconstruction due to  increased temperature on their 
surface; B – reconstructed equipment. 
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3.  Conclusion 
 
The modification of the methodologies for CRF design 

suggested here is based on the modeling and analysis of the 
furnaces. From the verification of its application  and the solutions 
of practical problems in designing, it can be concluded that it is 
suitable for application with: 

 
• Design of new devices meeting the criteria specified in 

the project. It is possible to design furnaces of general 
application or specialized furnaces for specific needs. 

• Analysis of the existing thermal equipment for the 
purposes of repair, complete reconstruction, insulation 
replacement, optimization, etc. 

• The design methodology features the following 
advantages: 

• It shortens the operative time and eliminates the 
probability of occasional errors when using the ERF 
models; the designer is relieved from the main part of 
calculating work. 

• The preciseness of work is increased. The need for work 
with graphs and taking criteria into account is eliminated 
by the realized approach – working with a model made up 
of a system of DE and realization through numerical 
methods. 

• The operation methodology is all-inclusive, i.e. though 
one model and calculation procedure, the parameters are 
determined of the ERF being designed: distribution of the 
temperature in the chamber and the insulation, temporal 
parameters of the transitional process, analysis of the 
parameters of the controls, energy analysis, optimization 
of the construction. 
 
 
 
 
 

 
• The project has a potential of wide application – it can be 

used in the operation of the thermal unit. It would be 
appropriate to include the models thus created in the 
passport of the furnace so as to serve for assessment of the 
required technological processes. The same can be used 
by non-professionals as well. 
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