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Abstract. The article suggests an effective way for reduction of energy consumption of the 

aspiration systems by means of recirculating system with the use of Coanda effect. Operation 

of the system is organized with partial supplying of removed air from the aspiration hood to the 

reloading chute via the entry enabling to use Coanda effect. Thus, the supplied air moves in the 

direction opposite to ejection one and produces aerodynamic resistance reducing its volume 

that results in considerable reduction of the system’s energy consumption. The article presents 

the results of the research enabling to evaluate the efficiency of the suggested engineering 

solution and the data necessary for its design. 

1.  Introduction 

Different technological processes of production and processing of bulk solids in many industrial 

sectors including construction, mining, metallurgy, coal industry etc. are accompanied with intensive 

dust emission to the operating area [1-3]. This dust leads to development of a variety of occupational 

diseases. The major reason for spreading of the dust is ejection, i.e. air entrainment by the flow of the 

reloaded bulk solid [4-8].  

The most effective ways for controlling of dust ejection are the systems for the complex dust 

extraction including aspiration systems, the means for prevention of the secondary dust ejection and 

general air change ventilation. It must be noted that, in this complex, it’s the aspiration system that 

determines the necessary production capacity of the rest dust-extraction systems and therefore their 

energy consumption. 

2.  Actuality 

According to the researches, a number of enterprises spend up to 20% of their circulating assets [9, 10] 

for the maintenance of dust-extraction systems and that influences their competitiveness. The reason 

for that is, first of all, the use of non-effective engineering solutions and the faults in design. For 

example, most of enterprises still use single-wall aspiration hoods whereas they are characterized by 

low dust-cleaning ability and need high productivity of the system [11]. 

One of the perspective directions for reduction of energy efficiency of the aspiration systems is the 

use of recirculation principle [14, 15], alongside with the use of the modernized aspiration hoods [11-

13]. Recirculation presupposes supplying of a part of the aspired air directly to reloading chute, Figure 

1, a. Recirculating air compensates flowrate of the air ejected with the reloaded material that 

considerably reduces energy expenses to purification of the aspired air. When designing the unit in 
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question it is preferable that the recirculating air creates the greatest aerodynamic resistance to the 

ejected air. 

There exist some modifications of the aspiration systems that use the principle of compulsory 

recirculation [15, 16], but they are characterized by a number of weak points. In connection with that 

the authors have performed the researches and, on their basis, it was improved the joint for supply of 

aspiration air to reloading chute of compulsory recirculation with the use of Coanda effect [17]. 

 
а 

 
b 

Figure 1. The principal scheme of the aspiration system with compulsory recirculation: 1. Upper 

aspiration hood; 2. Lower aspiration hood; 3. Reloading chute; 4. Aspiration pipe; 5. Ventilator; 6. 

Ascending pipe; 7. Dust control check unit (cyclone-dust concentrator); 8. Branch pipe for filtered air; 

9. Bypass pipe; 10. Air-dust concentrate distributor; 11. Coanda air channels. 

 

3.  Task setting. Computation method 

The record shows [11] that energy output of aspiration systems is characterized by their productivity 

rate of removed air. They influence the minimal volumes of removed air the aerodynamic resistance of 

the system of upper aspiration hood – reloading chute – lower aspiration hood. Low resistance of the 

system results in increased required system productivity and therefore increased power consumption. 

The work [15] establishes that reduction in losses of pressure in the tract of upper aspiration hood – 

reloading chute – lower aspiration hood leads to the growth in the volume of air moving through the 

chute, at any space and mode of recirculation flow supplying if it doesn’t produce additional hydraulic 

resistance (distortions) in the way of the ejected air flow. On the basis of the drawn conclusions, it was 

suggested the mode of supplying of recirculation air providing the increase in hydraulic resistance of 

the reloading chute demonstrated at Figure 1, b. The increase in hydraulic resistance at the suggested 
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device is achieved by the use of Coanda effect [18, 19] when supplying recirculating air to the 

reloading chute. 

The represented aspiration system works as follows. For provision of the sanitary-hygienic 

conditions at the areas of bulk solids reloading, i.e. non-ejecting of air-dust flow, air is exhausted from 

lower hood 2 by the ventilator 5 through the aspiration pipe 4; the air is supplied by ascending pipe 6 

to the entry of the dust control check unit 7 for separation of air-dust concentrate. Filtered air is 

removed either to the atmosphere or to the next filtering step by the branch pipe 8, and air-dust 

concentrate is removed to distributor 10 of air-dust concentrate due to bypass pipe 9. Performed as a 

ring chamber, the distributor 10 of air-dust concentrate provides supplying of air-dust concentrate to 

the chute 3 via Coanda air channels 11. Herewith, due to a special form of Coanda air channels 11 

providing Coanda effect, the flow of air-dust concentrate adheres to the chute that enables to increase 

the angle between the directions of air-dust concentrate movement and air dust flow moving in the 

chute. It can be explained by the fact that the surface of the chute 3 prevents from free access of air-

dust flow on the one side of air-dust concentrate, and a part of air-dust flow is carried away on the 

other side of the flow. As a result, the aerodynamic resistance of the system increases that provides 

reduction in air consumption. 

Research of the effectiveness of operation of the suggested construction unit was performed with 

the use of software application COSMOSFIoWorks [20]. The complex uses in its operation continuity 

equation; Navier-Stokes and the energy of stationary three-dimensional flow in accordance with 

k  turbulence model.  

The aim of the modeling exercise was determination of the optimal geometrical and aerodynamic 

parameters of the designed joint upon condition of minimal energy consumption. 

 

Figure 2. Border conditions of the modeling exercise: 1 – the surface of ejected flow input 

(pressure of 101325 Pa), 2 – the wall of aspiration hood, 3 – the entry of  recirculating air to the 

aspiration hood, 4 – the surface of ejected flow output (pressure 101305 Pa). 

In the research work, it was solved the inner task of air movement in the chamber of the vertical 

chute (height of 1000 mm from the upper to lower edge). For accomplishment of the task, they were 

made the initial conditions (physical parameters of the environment specific for normal conditions) 

and boundary conditions of the explored model. They were accepted as the boundary conditions 1 – 

spare surface, pressure of 101325 Pa, 2 – the walls of the aspiration hood, 3 – the entry of recirculation 

air to the aspiration hood, 4 – spare surface, 101305 Pa. It was accepted as the criterion of 

effectiveness the parameter of consumption of ejected air Qж via surface 4.  
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4.  The results of the research and its discussion 

While executing the research they were revealed the factors influencing operation of the discussed 

construction unit, corner radius of Coanda channel R, the speed of the supplied air in the section of the 

Coanda channel V; height of Coanda channel h; width of reloading chute a. The researches were 

accomplished at pressure difference (∆P) between surfaces 1 and 4 of 20 Pa that is true for most of 

cases of reloading sessions.  

 

 
  

a) V=15 m/ sec; ΔP=20 Pa; 

h=15 mm  

b) V=10 m/ sec; ΔP=20 Pa; 

h=15 m 

c) V=8 m/ sec; ΔP=20 Pa; h=40 

mm 

   

d) V=15 m/ sec; ΔP=20 Pa; 

h=15 mm 

e) V=10 m/ sec; ΔP=20 Pa; 

h=15 mm 

f) V=8 m/ sec; ΔP=20 Pa; h=40 

mm 

 

Figure 3. Partial graphic results of the modeling exercise for the designed unit: а, b, c for current 

streamlets, and d, e, f for the corresponding velocity fields 

Some graphic results of the accomplished research are represented in Figure 3. The analysis of the 

obtained results leads to a conclusion that, at the specific aerodynamic mode of operation of the 

construction unit (Figure 3, а) they emerge steady vortexes in the cross-section of the chute leading to 

immense reduction in consumption of ejected air. The mode appears at air speed of V=15 m/sec and 

corner radius of inner edge of the channel of 160 mm. At lower speed of supplied air of V=10 m/sec 
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(Figure 3, b.) it is observed carrying of the flow by ejection air that does not produce the necessary 

effect. They were also analyzed in the research the variants with modifying of the height of Coanda 

channel h, (Figure 3, c.). It was stated that when increasing the height of the channel h from 15 mm to 

40 mm but at lower speed of V=8 m/sec, despite higher consumption of supplied air by 1.4 times, it 

does not appear the intensive zone of turbulence as in case a, and it increases consumption of the air 

supplied to the hood. Thus, it can be concluded that it is the mode of operation in case a that promotes 

full realization of the opportunities of the suggested unit. 

On the basis of the further performed research and processing of the obtained data it was revealed 

that the mostly effective work of the distributor appears at the following geometric parameters: 

1,8...2,1
R

а
 ;      (1) 

0,09...0,11
h

R
 ;      (2) 

 13...16V  m/sec. 

In the ratios (1, 2), they were used the relations of the geometrical parameters, for observation of 

geometrical and aerodynamic similarity in the units of other size. 

The research has resulted in establishment of the fact that the use of the device in discussion 

enables to reduce to 80% the volume of the ejected air versus the systems without recirculation, and to 

50% versus the analogical devices [15, 16]. Taking into account that usually even a small enterprise 

operates several aspiration systems, introduction of the suggested method of supply can be 

considerably effective. 

5.  Conclusions 

The suggested method of organization of the recirculation flow enables to reduce energy input of the 

system’s ventilator and electric energy consumption, in its turn, at the expense of reduction of the 

volume of the aspired air. 

Alongside with pure economic reasonability, the use of the recirculating aspiration systems also 

promotes reduction of the harm to the environment. 

Recirculation flow should be supplied to the loading chute with the use of the suggested design and 

following to all recommendations above. In this case the enterprise will considerably reduce its 

expenses to maintenance of the dust-extracting systems increasing energy-efficiency of the plant. 

 

6.  Conclusions 
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