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Abstract. This article states that during the construction of industrial 
buildings it is necessary to provide engineering communications (including 
systems of supply and exhaust ventilation) which ensure uninterrupted 
production, its technological and environmental safety. It is necessary to 
use cleaning devices to remove pollutants from ventilation emissions in 
local exhaust systems. As for devices for removing highly disperse non-
sticky dust, it is possible to offer vortex dust collectors, the efficiency of 
which depends on the design and operating mode. A method is proposed to 
increase the efficiency of a vortex dust collector, to improve the quality of 
the purified air, and to reduce energy consumption during air purification 
by installing watering nozzles in primary and secondary air pipes made in 
the form of a Venturi tube. In consequence of multidirectional movement 
of dust particles and sprayed water, active coagulation of dust particles 
takes place, as a result of which the separation increases. Apart from that, 
watering dusty air flows leads to the formation of a liquid film on the inner 
surface of the separation chamber, which prevents dust particles from 
rebounding off the separation chamber and facilitates their capture and 
flushing into the collecting hopper 

1 Introduction 
Effective functioning of industrial buildings is ensured by the installation of necessary 
engineering services. The systems of supply and exhaust ventilation are one of the basic 
systems in the construction of buildings. Among many components that ensure the 
productivity of local exhaust ventilation systems, it is necessary to distinguish air 
purification devices [1, 2]. 

At present, one of the most effective devices for removing dry fine dust from air is 
vortex dust collector (VDC). VDCs were for the first time patented in Germany in the 50s 
of the previous century [3]. As in cyclones, the operating principle of VDCs is based on the 
action of centrifugal forces. However, in a cyclone the polluted air is supplied through a 
single inlet, whereas air supply in a VDC is provided through two channels, the lower one 
and the upper one. The polluted air coming through the lower channel whirls and moves 
along the axis of the separator chamber upwards, where, under the action of centrifugal 
forces, dust particles are thrown to the periphery. At the same time, through the upper 
channel, air (contaminated or clean, depending on the design of the device) is fed, which, 
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whirls and moves down along the walls of the separator chamber, strengthening the effect 
of centrifugal forces affecting the dust particles that having reached the wall of the chamber 
fall down into the receiving hopper. Moreover, unlike cyclones, the use of a VDC makes it 
possible to achieve effective purification even for highly dispersed particles (dp <1 mkm) 
[4-8]. 

The main parameters influencing the efficiency of dust collectors, including VDCs, are 
efficiency of dust collection, hydraulic resistance of the device, its dimensions and cost of 
cleaning. 

Some of these parameters are determined by the internal design features of the device. 
These include hydraulic resistance, dimensions of the device and efficiency of dust 
collection. 

In addition to internal factors, the cost is also influenced by external ones, coming from 
the cost of materials and electricity, features of the technological process, etc., the 
forecasting of which is either difficult or specified by a particular production. 

Therefore, the main task of designing an effective VDC is to optimize internal factors 
[9,10]. 

2 Materials and methods

2.1 Main theoretical dependencies used in the design of the VDC 

The dimensions of the device are quite a significant factor that determines not only the 
volume required for the device installation, but also the convenience of installation, 
operation and maintenance. The required diameter of the device D1 is determined by 
formula [11] 
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where: V – volumetric flow of dusty gas, m3/s; ug – gas velocity in the working area of the 
dust collector, m/s (recommended to take within 5…12 m/s). 

The efficiency of cleaning is the main criteria by which the work of the vortex dust 
collector is evaluated. The degree of air purification (efficiency) is characterized by the 
ratio of the mass of dust trapped in the device to the mass of dust introduced into it. Since 
dusty air can be supplied into the dust collector by two streams - through the upper and 
lower supply pipes, the overall cleaning efficiency will be determined depending on the 
distribution of the flows along the inputs: 

1 1 2 2(  )  V V V� � �� �       (2) 

where: η1 ,η2 – efficiency of dust collection in primary and secondary gas flows; V1,V2 – 
efficiency of dust collection in primary and secondary gas flows, m3/s. 

In addition to the degree of purification, the minimum particle size fully captured by the 
vortex dust collector is also of great significance for the device efficiency [4]: 
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where: Н – height of dust collecting chamber, m; Dt – diameter of the branch pipe for the 
supply of dusty gas, m; ω – angular velocity of the gas flow in the device, s-1;  D1 – device 
diameter, m; μg – dynamic viscosity of gas, Pa∙s; ρp – particle density, kg/m3; ρg – gas 
density, kg/m3. 
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Hydraulic resistance of the device, Δр, Pa, determines the energy efficiency of the 
device. The hydraulic resistance of vortex dust collectors is calculated using a ratio similar 
to that used to calculate cyclones: 

2   2 
g g

P u� ��        (4) 

where: ug – gas velocity in the device working zone, m/s; ξ – coefficient of hydraulic 
resistance, calculated by speed. 

Optimization of any of the considered factors leads to an increase in the VDC 
efficiency. 

2.2 Improving VDC design  

Research on the trajectories of particles, their velocity fields and distribution of static 
pressures in different areas of the dust collector, revealed the presence of turbulent vortex 
formations that enable the entrainment of the separated dust into the near-axis zone of the 
purified gas removed from the VDC. This phenomenon has a significant effect on the 
degree of cleaning of the dust collector, decreasing it from "theoretically possible" to 
"practically observed".  

Therefore in process of designing such devices, one of the main tasks is to reduce 
entrainment, and to achieve this various design modifications are applied [5, 7, 9]. 

However, despite the design improvements, dry cleaning of dust and gas stream in 
vortex dust collectors, does not always allow to achieve the required degree of purification, 
especially from dust of submicron sizes, for a number of certain reasons, associated with 
the entrainment of this fraction [9]. An additional effect of reducing the entrainment of 
highly dispersed dust particles can be achieved during wet cleaning. 

Therefore, in order to increase the efficiency of the dust collection device, to improve 
the quality of the cleaned air and to reduce energy consumption during air purification in a 
vortex dust collector containing a cylindrical separation chamber with upper and lower air 
supply channels, it is proposed to additionally supply each channel with an injector making 
it possible to wet the supplied airflow in a device having the form of a Venturi tube [12, 
13]. 

Preliminary coagulation of fine dust particles takes place in wet low-velocity Venturi 
tubes at flow rates of the cleaned air in the Venturi tube neck Vг to 40 m/s. Besides, the 
coefficients of the local resistance of the confuser and diffuser of the Venturi tube are 
assumed to be minimal. The device in the form of a Venturi tube is characterized by the 
following parameters:  2

n t
V V� ;  2

dif con
l l� ;  0,7

tn
d d� (Vt and Vn – air velocity in the 

branch pipe and in the neck, m/s; Ɩdif  – diffuser length, m; Ɩcon – confuser length, m; dn, dt – 
diameter of the neck and diameter of the branch pipe, m). 

3 Results 
The vortex dust collector (Fig. 1) contains a separation chamber, the upper part of which 
has an axial branch pipe for discharging purified gas and a branch pipe for introducing 
secondary air, equipped with a Venturi-type device fitted with a nozzle wetting the 
secondary airflow, which are installed in front of the Venturi tube and meet the air flow 
[14]. 

In the lower part of the housing, there is a branch pipe for the input of the primary dusty 
air, a blade vortex, a cylinder cowl and a hopper with a lower lateral outlet of the pulp. 
Similar to the branch pipe for the secondary dusty air, the branch pipe for the input of the 
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primary dusty air is equipped with a Venturi-shaped device with a nozzle. Due to the 
multidirectional movement of dust particles and sprayed water, active coagulation of dust 
particles and water particles occurs. Rotation of two counter flows (primary and secondary 
air) inside the separation chamber has one direction. 

 
Fig. 1. The longitudinal section of the vortex dust collector: 1 – separation chamber, 2 – blade vortex, 
3 – outlet branch pipe, 4 – branch pipe for introducing secondary air, 5 – stabilizing cowl, 6 – cylinder 
cowl, 7 – bumper washer, 8 – hopper compartment, 9 – stabilizing device, 10 – branch pipe for 
introducing primary air, 11 – supply air duct, 12 – confusor, 13 – injector, 14 – neck  15 – diffuser. 

Enlarged due to coagulation agglomerates are separated efficiently in the separation 
chamber. Since during the separation the inner surface of the separation chamber gets 
covered by a film of running water, the fine dust particles moving in the laminar sublayer 
do not bounce off the inner surface of the separation chamber, but settle on it under the 
influence of gradient coagulation. 

To prevent "overgrowth" of internal surfaces of the vortex dust collector and to improve 
flushing of the trapped dust, the amount of water sprayed by the injectors into the primary 
dusty air flow is 2-3 times bigger than into the secondary air flow. 

The dispersed composition of the particles sprayed with water jets into the primary air 
flow is 10 ÷ 70 μm, which enables their better separation in the lower part of the separation 
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chamber and better flushing of the trapped dust. The dispersed composition of particles 
sprayed with water jets into the secondary air flow is 2 ÷ 10 μm, which provides better 
mutual coagulation of dust and liquid particles throughout the whole separation chamber. 

4 Discussion 
Thus, the work resulted in creating a VDC of improved design that provides a higher 
cleaning efficiency.  

The use of the device in the form of a low-velocity Venturi tube in the primary and 
secondary air supply canals reduces energy costs in the process of cleaning dusty air. 

This VDC is recommended for removing non-splashing and water-soluble dusts from 
air during air purification. 

5 Conclusions 
The proposed invention allows to significantly improve the efficiency of the dust collection 
device and the degree of purification of dusty gases by pre-enlargement of dust particles, 
the separation of which considerably increases. Furthermore, watering dusty air flows leads 
to the formation of a liquid film on the inner surface of the separation chamber, which 
prevents the dust particles from rebounding off the separation chamber and facilitates their 
capture and flushing into the collecting hopper. 

The considered design modifications enable an increase in the degree of purification of 
the VDC. However, the proposed options do not cover the whole range of possible 
improvements in vortex dust-cleaning devices and they are only a small link in the chain of 
possible design innovations. 
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