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 Abstract 
  

Introduction. Researches of various variants of connection 
of pipelines for transportation of food intermediate products are 
carried out. The purpose of the study is to determine energy 
losses depending on the geometric parameters of the connection. 

Materials and methods. Computer simulation was used as 
a research tool. The software CAE complex FlowVision uses the 
finite element method to predict the movement of viscous 
liquids in the case of a drop in air pressure at the entrance and 
exit from the geometric model.  

Results and Discussion. The combination of structures 
allows to determine their resistance to the motion of the product 
to select the optimal branching method, as well as to obtain a 
comparative characteristic of the local resistance, depending on 
the angle of rotation. In our case, the angles of rotation are 
significant: option 2 – 45°, option 1 – 30°, option 4 – 22,5°, 
option 3 – 15°. At another position of the valve, when the 
movement of the product is straightforward, energy losses 
practically do not occur. 

The novelty of the used method of computer modeling for 
this work is to determine the values of the dissipation of the 
kinetic energy of the moving product. In the course of research, 
the method of visualization – "isolines" – was used, which 
allows a clear definition of the limits of gradation of values. 
When calculating the area occupying one or another range of 
values of isolines of energy dissipation, it is possible to compare 
the intensity of energy losses if they are attributed to the total 
area of branching. If you evaluate the area that is limited by 
isolines of a certain intensity of the factor, you can obtain an 
integral characteristic of the action of dynamic parameters. 
Significant areas, which are limited by large values of 
dissipation, show the origin of turbulence, which is the main 
source of loss of transporting pressure. The mathematical 
processing of each curve gives the best description of the 
behavior of graphs when using polynomials of the third degree.  

Conclusions. When designing the piping laying options, 
you can combine straight sections, pipe turns, switches in such 
a way as to minimize pressure loss. That is, it is expedient to use 
symmetrical branching variants and minor turns of pipes even in 
simple areas (depending on their length). 
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Introduction 
 
The means of pneumatic transportation of raw materials, intermediate products and 

waste products at meat processing plants are a complex three-dimensional branched system. 
It includes sets of refueling tanks, pipelines of different diameters and lengths, branching 
with switches [2, 7]. 

In the case of the design [7] of a general system of pneumatic transport within the 
workshop or the whole enterprise, there are a number of options for constructive solutions 
for laying pipelines and connecting them to the general communications system [1, 5]. By 
combining different variants of pipelines, branches (dampers) it is possible to determine the 
optimal variants of their gaskets for different production situations [8, 9, 11]. The criterion 
of optimality (target function) is the lowest energy consumption (compressed air) to provide 
the desired performance of the transport system [18, 19]. 

The purpose of this scientific study is to determine the effect of the design of various 
variants of branching pipelines that occur in production, on energy losses when passing 
through them a moving product. 

 
Materials and methods 
 
Materials. Table 1 shows variants of branches, which differ in structure – symmetric 

or asymmetric branching. For each of the options, different angles under which the pipes are 
directed are studied. 

Table 1 
 

Turn 
angle, 

degrees 
Asymmetrical pipe separation Symmetrical pipe separation 

30 

Option 1 

 

Option 2 

 

 
45 

Option 3 

 

Option 4 
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Table 2 shows in the section the structure of each branch in a situation where the damper 
changes the direction of movement of the product. 

 
Table 2 

 
 Asymmetrical pipe separation Symmetrical pipe separation 

 
 
Turn angle 
30 degrees  

 
 
Turn angle 
45 degrees  

 
 

 
 

The combination of structures allows to determine their resistance to the motion of the 
product to select the optimal branching method, as well as to obtain a comparative 
characteristic of the local resistance, depending on the angle of rotation. 

In our case, the angles of rotation are significant: option 2 – 45°, option 1 – 30°, option 
4 –  22,5°, option 3 – 15°. 

At another position of the valve, when the movement of the product is straightforward, 
energy losses practically do not occur. 

 The geometric and rheological conditions of the study are as follows:  
- the diameter of the cylindrical part – 150 mm; 
- section of rectangular part – 150x150 mm; 
- Product Density – 1050 kg/m3; 
- Product Viscosity – 0,01 Pa; 
- air pressure in the pipeline system – 4x105 Pa/ 
 
Methods 
 
Computer simulation was used as a research tool. 
The software CAE complex FlowVision uses the finite element method to predict the 

movement of viscous liquids in the case of a drop in air pressure at the entrance and exit from 
the geometric model. The boundary conditions of the "wall" with a given roughness 
determine slip and local pressure losses. 

The basic ones in FlowVision are: the Navier-Stokes equation, the flow indeterminacy 
equation, and the equation for turbulent viscosity. In addition, the model includes equations 
for turbulent energy k and dissipation rates of turbulent energy ε. During the simulation a k-
ε model of the turbulent flow of viscous fluid with small changes in density was used with 
large changes in the Reynolds number. The use of this program allows you to get unique 
scientific information in various fields of the food industry [6, 10]. 
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The novelty of the used method of computer modeling for this work is to determine the 
values of the dissipation of the kinetic energy of the moving product. In the course of 
research, the method of visualization – "isolines" – was used, which allows a clear definition 
of the limits of gradation of values. When calculating the area occupying one or another range 
of values of isolines of energy dissipation, it is possible to compare the intensity of energy 
losses if they are attributed to the total area of branching. 

If you evaluate the area that is limited by isolines of a certain intensity of the factor, you 
can obtain an integral characteristic of the action of dynamic parameters. 

Significant areas, which are limited by large values of dissipation, show the origin of 
turbulence, which is the main source of loss of transporting pressure. 

 
 
Results and discussion 
 
Figures 1–4 show the simulation results of energy losses. The sequence of the layout of 

the figures is shown in the direction of decreasing the turning angle of the flow. 
In order to generalize the results of the study, let's compare the results of measurements 

in the drawings of areas of dissipation of the same intensity (Figures 5). 
 

 
 

 

  
 

Figures 1. Isolations of dissipation of kinetic energy for asymmetrical 
branching with an angle of 45°:  

the corresponding area of values – D = 0,1 m2/c3 – 10%;  
D = 0.05 m2/s3 – 47%; D = 0.03 m2/s3 – 18%. 
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Figures 2. Isolations of dissipation of kinetic energy D for asymmetric 

branching   with an angle of 30°:  
corresponding area of values – D = 0,1 m2/c3 – 16%;  

D = 0.05 m2/s3 – 84%;  D = 0.03 m2/s3  – 70%. 
 

 
 

Figures 3. Isolations of dissipation of kinetic energy for  
a symmetrical branch  with an angle of 22.5°:  

the corresponding area of values – D = 0.1 m2/s3 – 14%;  
 D= 0.05 m2/s3 – 70%; D = 0.03 m2/s3 – 61%.  
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Figures 4. Isolations of dissipation of kinetic energy for 
 a symmetrical branch with an angle of 15°:  

the corresponding area of values – D = 0,1 m2/s3 – 16%;  
D = 0.05 m2/s3 – 79%; D = 0.03 m2/s3 – 68%. 

 
 
 

 

 
 

Figures 5. Percentage of the areas of areas of dissipation D of a certain intensity as a percentage 
of the total area of the branching, depending on the angles of the flow of the stream 
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The mathematical processing of each curve gives the best description of the behavior 
of graphs when using polynomials of the third degree. Accordingly, the following equations 
represent the intensity of the course of dissipative processes depending on the type of 
branching and the numerical value of the angle of rotation. 

 
Dissipation, m2/s3 Equation 

0,1 y = 12x3 – 99x2 + 249x – 115 

0,05 y = 13x3 – 108x2 + 285x – 172 

0,03 y = 2x3 – 16x2 + 40x – 16 

 
 
Distortion occurs on the plate of the switch – the minimum gap between the wall and 

the plate is in reality and in the model about 1 mm. It is important to note that a certain 
breakthrough in flow at these speeds and pressures is still happening. 

Analyzing the obtained results, it can be noted that the dependence of energy losses on 
the geometry of the pipeline connection is rather complicated and is described by nonlinear 
dependencies. 

This can be explained by the fact that changing the modeling parameters changes the 
criterial nature of the product motion [17, 23]. 

 
 
Conclusions 
 
The length of rectilinear pipelines affects the cost of transportation energy much less 

than the local supports: turns of pipes and switches. 
When designing the piping laying options, you can combine straight sections, pipe 

turns, switches in such a way as to minimize pressure loss. That is, it is expedient to use 
symmetrical branching variants and minor turns of pipes even in simple areas (depending on 
their length). 
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