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Introduction. With the aim of increasing the efficiency of 

the sources of heat in the furnaces of tunnel ovens it was 
investigated the process of recycling of heating gases. 

Materials and methods. In this work, we used CAE-
software for modeling the motion of liquids, the principle of 
software is based on the method of finite elements. For 
calculation was used rheological and kinematic parameters of 
hot gases which were obtained for the real model 
experiments. 

Results and discussion. It is found that the velocity 
distribution along the length of the furnace is divided into two 
sustainable region: the axis of the furnace and around the 
outer walls of the furnace. The mixing of the gases starts in 
the junction box. 

The temperature of the gases at the center of the stream is 
reduced from 1900 to 600 °C is almost a linear relationship. 

The temperature of the gases near the furnace walls varies 
throughout the length of the furnace ranging from 260 °С to 
360оС because of its low turbulence flow.  

On the contour of the region of maximum dissipation of 
kinetic energy the turbulence were observed in the two local 
areas. The first is the ring around the exit of products of 
combustion from the combustion chamber. The second area is 
at the area of narrowing of the furnace. It is near the exit to 
the junction box.  

It was obtained for the first time the visual and the 
numerous information that reflects how the combination of 
local resistance in a gas path affects the value of the Reynolds 
criterion and the nature of the movement of the heating agent. 

It is proposed to equip the furnace of this type for more 
details – ring washers. It is proven that they change the 
direction of the flow of recirculation gases so that there is an 
active mixing with the combustion products along the entire 
length of the furnace. 

Conclusions. Computer modelling of furnace operation 
has allowed to detect and localize the flaws of the current 
baseline design and to propose ways of modernize of the 
system.  
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Introduction 
 
The bulk of the bread currently baked in tunnel baking ovens. They are universal, cost-

effective, the possibility of widely varying temperature settings over the length of the 
baking chamber.  

Main unit of work which depends on the stability of the Baking Ovens – a furnace. It 
combusted natural gas or fuel oil. 

Its principle of operation is associated with recirculation of exhaust gases heating. Flue 
gas with a temperature of 350 ... 400 °C is partially removed from the stack and partially 
fed into the furnace, where they are mixed with fresh products of combustion, and sent in 
the heating channels. 

From the quality of mixing of fresh and exhaust heating gas depends on the uniformity 
of the heating of the baking chamber. 

Definition of furnace operating parameters in the factory – a complex experimental 
process. Research methods are laborious and have significant errors. 

It is proposed to use the methods of computer simulation. They allow to visualize the 
flow of hot gases inside the furnace. These methods allow you to track changes in flow rate, 
temperature and pressure drops, the processes of dissipation of the kinetic energy of the gas 
stream.   

 
Materials and methods 
 
In this paper FlowVision program Tesis company was used. 
It is designed for the calculation of hydro – and gas dynamics problems (together with 

related processes warmly – and mass transfer) in a wide range of Reynolds numbers in an 
arbitrary three-dimensional domains. 

The use of this program has allowed us to obtain unique scientific information in 
various sectors of the food industry [1–5]. Has been researched and proposed ways of 
modernization of equipment for the grinding of food [6, 7], for mixing food products [8–
10], thermal processes in proofers [11–13], to transport products through pipes [14].  

It was also studied the movement of heating gases in various zones of tunnel ovens 
[15]. 

The basic program is the Navier-Stokes equations, the flow continuity equation, the 
equation for the turbulent viscosity. In addition, the model includes equations for the 
turbulent energy k and the rate of turbulent energy dissipation ε. 

In this paper, in the course of the simulation was used k – ε model of turbulent flow of 
viscous fluid with slight changes in the density changes at high Reynolds number.    

Numerical integration of the equations of the spatial coordinates is performed using a 
rectangular milled locally adaptive grids. This approach allows the solution of problems 
carry out a grid adapted to the peculiarities of the geometry near the borders. 

In the calculation were used physical parameters obtained at the time when the actual 
model experiments: 

- the temperature of the combustion products leaving the combustion chamber is    
1900 °C; 

- the temperature of the gases supplied to the recycling of 350 °C; 
- pressure drop, which is available at the site exit gas distribution box, is 30 Pa. 
The number and proportion of the feed gases was determined by the ratio of excess gas, 

equal to 2,15. 
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When referring to the boundary wall of the conditions of surface roughness has been 
set, which is characteristic of the material from which made the furnace. 

In FlowVision package used several ways to visualize the results. Visualization of 
scalar field dissipation of kinetic energy, which is proportional to the gradient of the speed 
of deformation of the product, possible to determine the place of origin of turbulence in the 
flow. Namely education turbulence leads to a mixing of gases. Field dissipation visualized 
through the use of contour lines of the gradient. 

Vector field visualization speed it possible to determine a change in the value of speed 
and change the direction of movement of the product. 

Typical furnace design with mixing chamber is shown in Figure 1. It consists of a 
burner 1, combustion chambers 2, the tangential entry nozzle gas recirculation 3, 4, mixing, 
dispensing duct chamber 5. The latter also was simulated, as at the entrance to him to 
change direction of the heating gas, which affects the total gas-dynamic situation. 

 
 
 
 
 
 
 
 
 

a                                                                        b 
 

Figure 1. The appearance of the furnace tunnel baking ovens (a) and its section (b):  
1 – burner; 2 – input pipe gas recirculation; 3 – combustion chamber;  

4 – mixing chamber; 5 – distribution box 
 

Examined type furnaces refers to a group of structures in which only the recycle gas is 
cooled outer surface of the combustion chamber and is widespread in the industry. 

 
 
Results and discussion 
 
The efficiency of the furnace can be estimated by graphic materials. They are presented 

below. 

 
 

Figure 2. The velocity vector along the length of the furnace 
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Analyzing the velocity distribution along the length of the furnace (Figure 2), we can 
distinguish two stable regions. The first region – on the axis of the furnace – gases from the 
combustion chamber. The second area – cylindrical – recycle gases moving around the 
outer walls of the furnace. 

Practically there is no mixing of gases in the furnace. It begins in the switch box. It is 
clear that such an operation unstable and does not give a good result. 

 

 
 
 

Figure 3. Isolines changes in gas temperature in the furnace 
 
 
Consider the temperature drop along the length of the furnace. The flue pipes should go 

with the flow temperature of about 600 °C. Obtaining such temperature occurs at the end of 
the mixing chamber (Figure 3). 

Any gas pressure drop across the burner, any change in the position of valves in the 
distribution boxes and heating ducts lead to the inability to obtain a stable flow set 
temperature. 

 
 
 
Figure 4. Schedule of changes in temperature of the combustion products in the furnace center 

 
 
The temperature in the center of the flow changes from 600  to 1900oС virtually linear 

relationship (Figure 4). But efficient operation of the furnace, it should be at the beginning 
of the mixing zone to drop sharply. 
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Figure 5. Schedule changes recirculation gas temperature at the outer walls of the furnace 
 
 
Neither Figure 5 is a gas temperature near the furnace wall (the abscissa axis of the 

graph is in the middle of the annular gap through which recirculation gases move). The 
range of temperature fluctuations across the furnace length of about 100 оC, which is 
clearly insufficient. 

The dissipation of the kinetic energy of gases is due to internal friction between layers 
of flow, which are moving at different speeds. It shows the place of occurrence of 
turbulence, thanks to which there is a mixing of hot and cold gases. 

Isolines of maximum dissipation area is shown in Figure 6. It may be noted swirls in 
two local areas. The first area – a ring around the exit of combustion products from the 
combustion chamber. The second area – in the narrowing of the furnace. It is already at the 
outlet to the distribution box. 

 
 

 
Figure 6. Areas of active mixing of gases along the length of the furnace 

 
The above analysis allowed the furnace operation to detect and localize the 

shortcomings of the existing basic structure. This lack of turbulence in the gas flow. 
The method of computer modeling allows us to offer solutions to the problem. Check 

the correctness of the proposed solutions can be directly, without the creation of pilot 
plants, stands and full-scale experiments. 

Consider one of the solutions to the problem. 
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As gas flow path is necessary to create an artificial local resistance. It will change the 
speed and direction of flow. This will lead to their collision and active mixing. 

local resistance structure can be set. Also, there may be many places of its location. In 
the present embodiment, the test – A washer ring is mounted on the inner wall of the 
mixing chamber in the middle of its length. 

 

 
 

Figure 7. Changes in the activity of dissipative processes after the furnace modernization 
 
 

As follows from Figure 7, activity increased mixing streams. Formed two large area – 
at the beginning of the mixing chamber and in the middle of it. Main processes now occur 
in the furnace itself, rather than leaving it. This allows more precise adjustment of 
processes of heat exchange and mass transfer between gas flows. 

 

 
 

Figure 8. Velocity vector gas streams after modernization 
 
 
The most visually look the field of active mixing in Figure 8. In the field of А the 

vector flow rates actively change direction. Streams collide and there is reduction in 
temperature to a predetermined value. On the contrary В – in the control box – flows have 
already mixed and a uniform temperature. 

 
 
 
Conclusions 
 
Computer modeling of complex heat exchange processes provides a unique scientific 

information on the furnaces ovens. 
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Gas of recycling, which are introduced into the furnace tangentially to form a stable 
rotating flow around the chamber walls. This prevents them from mixing with fresh 
products of combustion. 

Gas of recycling, which are introduced into the furnace tangentially, effectively cooling 
the outer surface of the device. Also recirculation gases effectively cooled combustion 
chamber surface. 

The greatest area of turbulence in which the mixing gas are located at the beginning of 
the mixing chamber and the outlet the refrom. 

It is proposed to equip the furnace of this type with additional details. They must 
change the direction of flow of recirculation gases so that their active mixing occurred with 
the combustion products over the entire length of the furnace. 

Computer modeling allows you to quickly check the correctness of the proposed 
technical solutions for the modernization of structures of thermal devices baking ovens. 

The proposed method of investigation baking ovens can be used to develop new and 
effective structures of this kind of baking equipment and to upgrade existing designs. 
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