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Abstract. Currently, the determination of the emission rate of suspended solids from a unit of the surface area of a man-

made mass at various parameters of the wind flow is not sufficiently described. The analysis of the world experience of 

researchers shows that existing laboratory installations have various design features that do not allow to correctly determine 

the mass of the dust being flapped and wind-blown. Based on the analysis results, the concept of an innovative laboratory 

installation for the study of dust-forming surfaces has been developed. It takes into account the influence of wind shadows, 

the deturbulization of an artificially created air flow, the possibility of regulating not only the flow velocity mode, but also 

the creation of a vacuum or disturbance in the area of sample placement, as well as the formation of a certain angle of wind 

flow attack relative to the surface. The concept provides for the possibility of determining the volume of dust emissions 

by the values of the lost dust masses in the sample and by the values of dust concentrations in the outgoing stream. The 

calculation of the main basic elements of the installation using the ANSYS FLUENT software package was carried out. 

The model and configuration of the wind tunnel have been developed and calculated, the main geometric parameters and 

functional elements for the possibility of use in scientific work have been determined. For practical use of the empirical 

roughness value of the underlying surface, its values are recommended in a wide range – from zero for the water surface 

to 0.44 for large cities with tall buildings and skyscrapers. 
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Introduction. The problem of atmospheric air pollution by suspended solids is extremely rele-

vant in mining, processing, construction and many other industries where loose media are used. The 

existing means of measuring dust concentrations make it possible to analyze the current state of the 

air environment, certain types of measuring equipment perform operational data processing to obtain 

graphs of changes in concentrations and separation of dust into particles. Nevertheless, the issue of 

determining the masses of flapped and wind-blown dust remains open for conducting a detailed in-

ventory of sources of atmospheric air pollution and design calculations of the negative impact of 

industrial facilities. The existing methods for calculating the volume of emissions of pollutants are 

based on taking into account a number of coefficients and often give a significant discrepancy with 

the monitoring data. 

The actual mass of dust transfer from its source to the considered point of the airspace or surface 

depends on a number of environmental factors. The main ones include: the mode of wind flow action, 

air humidity, particle size and chemical composition, hygroscopicity of dust, structure and shape of 

dust particles, air temperature and dust particles, etc. Correct calculation methods for determining the 

actual values of dust transfer masses are not currently being developed due to the high complexity of 

accounting for all conditions and large values of errors in the calculation. 

The Mining University has repeatedly considered the issue of dust pollution of the atmosphere 

in the areas where enterprises of the mineral resource complex are located [16, 19] and the problem 

of determining the volume of dust transfer from the source to the settlement point was raised [6, 11]. 

Work on the creation of complexes that allow laboratory assessment of environments under wind 
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load was carried out by specialists of the Mining University [8, 12, 13] and specialists of other organi-

zations, but the main problem of the used installations was the lack of possibility of creating condi-

tions close to atmospheric [2, 28]. The developed concept of an innovative laboratory installation for 

the study of dusty surfaces, taking into account the influence of aerodynamic shadows, the deturbu-

lization of artificially created air flow, the possibility of regulating not only the flow velocity, creating 

a vacuum or disturbance in the area of sample placement, as well as the formation of a certain angle 

of wind flow attack relative to the surface, is an important scientific and practical task [3, 4, 25]. 

The research purpose is to develop the concept of an innovative laboratory installation for the 

study of dust-forming surfaces, which can be effectively used to solve practical problems of deter-

mining the dust discharge from man-made objects. This allows to spot-fix the negative effects of dust-

forming objects, as well as effectively prevent them. 

The research task is to simulate the velocity field of the air flow in the tunnel using various 

design solutions, taking into account the conditions of the laboratory room and a wide range of dust 

emission conditions under study. 

Methodology. The project was implemented on the basis of the laboratory, experimental and 

stock base of the Scientific and Educational Center of the Mining University using the equipment of 

the Center for Collective Use of the Mining University. 

The laboratory installation used includes: 

• The dust suppression hopper BPP 001 is a sealed demountable device with transparent walls 

for monitoring the process of dust blowing, with sealed holes for connecting measuring equipment 

and installing air blowers. 

• UETM EP-2 air blower for creating a directional air flow in the hopper space and aerodynamic 

impact on the test sample. 

• Combined semi-automatic dust meter DustTrak 8533 for measuring the mass concentration of 

dust particles PM1.0, PM2.5 and PM10 by laser-nephelometric method. 

• Meteorological meter MES-200A for assessing the microclimatic parameters of the envi-

ronment. 

The air flow simulation was carried out by the finite element method in the Ansys Fluent envi-

ronment. Ansys Fluent is an Ansys module for CFD analysis designed for modeling hydro-gas dy-

namic processes (flow of liquids and gases, turbulence, combustion, heat exchange, etc.). 

The work took into account the current legal acts regulating the sphere of environmental safety, 

as well as labor protection of workers and residents of settlements in the zone of influence of polluting 

objects. 

Discussion. The installation for the study of dust-forming surfaces developed at Shandong Uni-

versity of Science and Technology and Liaoning Technical University is considered (Fig.1). 

 

    
 

Fig.1. Dusting Media Testing Facility of Shandong University of Science and Technology  

and Liaoning Technical University (China) [9, 20, 26] 
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The laboratory installation – the dust suppression hopper BPP 001, which provides the tasks of 

determining the effectiveness of dust suppression means, is used at the Mining University (Fig.2). Aer-

odynamic installations always allow a discrepancy, but low wind loads increase this discrepancy, which 

was confirmed by the research of MK-130.2020.5 (Mining University). Despite the possible use of these 

complexes to determine the effectiveness of the developed means of dust suppression, they do not allow 

creating conditions similar to atmospheric ones due to structural aerodynamic features [21, 22, 24]. De-

termination of the dust transfer masses is possible only by fixing the concentrations at the outlet of the 

installation, which places increased demands on the aerodynamic design of such stands. 

The variability of the cross-sections of the flow part, the presence of zones of wind shadows, tur-

bulence created by bends and turns of the flow part, the walls of the flow part have a significant impact 

on the velocity fields. The dust suppression hopper is made in the form of a parallelepiped, which im-

plies the presence of dihedral and triangular sharp corners inside the installation. Corners are zones of 

wind shadows, the presence of which can lead to a partial accumulation of the blown test material, and 

then give a secondary concentration during the experiment. 

The test site is located at the bottom of the hopper, there is no possibility of excluding the influence 

of the surface. In full-scale conditions, the influence of the earth surface on wind velocity is possible, 

but it will be varying under different conditions of surface roughness. In a laboratory installation, it 

should be possible to lift the test site above the surface to minimize its influence. The hopper does not 

have an air outlet. However, the installation is not sealed, the air is discharged through felt wipers be-

tween the collapsible elements of the installation. The cross-sectional area of felt wipers is large and 

the air outlet velocity through them is extremely small, but the possibility of the aerosol filtration pro-

cess in felt is not excluded. 

The placement of samples on the bottom of the hopper does not allow determining the final mass 

of samples, which in fact does not make it possible to determine the effectiveness of fixing means 

only by the values of concentrations in the air of the hopper. The use of an isolated installation in any 

case implies the presence of the influence of the walls on the air propagation. The exclusion of influ-

ence is achieved by creating an open working part. On the other hand, the creation of an open working 

part will lead to the loss the part of the dust during spraying and it will be impossible to determine 

the effectiveness of the fixing means by concentration. 

The artificially created air flow does not always correspond to the real wind in terms of the 

degree of turbulence, especially if the flow is created by an electric fan, which necessitates the use of 

deturbulating devices. Within the regulatory framework of Russia, at the design stage, the calculation 

of concentration fields can be made only on the basis of the MRR-2017 methodology, which operates 

with the main characteristic – the intensity of the source emission calculated by various industry 

methods. Determining the intensity of emissions experimentally is a key task that a new aerodynamic 

installation should solve. 

Taking into account the research of the Mining University, Shandong University of Science and 

Technology and Liaoning Technical University, the requirements for a new aerodynamic installation 

were formulated: 

• the use of a constant section of aerodynamically correct shape as the flow part of the tunnel; 

 

          
 

Fig.2. Dust suppression hopper BPP 001 (Mining University) 
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• an open tunnel contour for the possibility of eliminating dust pulling into the working part 

repeatedly; 

• the ability to estimate the mass of blown dust, as well as the concentrations of blown dust at 

the outlet; 

• testing of samples in the open working part to exclude the influence of walls on the air 

velocity field; 

• availability of devices for deturbulization of artificially created air flow; 

• constructive possibility of modeling different variants of the type of the wind flow movement 

due to discharge, backup, with the formation of a disturbance zone, etc. 

One of the most aerodynamically correct cross-sections is round, but to ensure similarity, the 

cross-section should have the largest possible diameter. Often fans and air blowers have a smaller 

cross-section and use a cone-shaped socket at the outlet. In the conditions of conducting experiments 

in the laboratories of the university, there are limitations on the device dimensions, therefore, the 

tunnel section in consideration is selected from the standard row – 500 mm. Numerical simulation of 

air flows by the finite element method allows to minimize experimental studies. In [23], the authors 

investigated the effect of wind load on moving objects, in [17] – the formation of ripples in the sand 

under the influence of air flow, modeling the intensity of dust propagation in the mine at different 

flow velocities was carried out in [10]. 

At the first stage, the influence of a cone-shaped socket on the distribution of air velocities and 

turbulence was studied. The transition from a supply pipe with a diameter of 100 mm to a tunnel with 

a diameter of 500 mm, the estimated tunnel section with a length of 5 diameters (2500 mm) is 

considered (Fig.3). Initial and boundary conditions: air inflow through a pipe with a diameter of 

100 mm at a velocity of 93.75 m/s (based on the reduction of the average velocity to 15 m/s in a 

pipe with a diameter of 500 mm), air temperature 20 °C, relative humidity 45 %, roughness value 

of all surfaces 0.2.  

It can be seen from Fig.3, a that with the coaxial placement of the supply pipe and the tunnel 

after the cone-shaped socket, the flow calms down only at a distance of about four diameters, while 

a relatively uniform velocity field is observed in the output section. The calculation and the results of 

which are presented in Fig.3, b, is aimed at determining the possibility of using a 180° rotation to 

increase the length of a small-section pipe while reducing the dimensions of the installation. In-

creasing the length of the small-section pipe is necessary to ensure better flow equalization before 

entering the cone. The calculation showed that even with elongation, the presence of rotation does 

not provide equalization and there is a displacement of the flow to one of the walls. The calculation 

of models with smaller tunnel lengths and cone-shaped socket angles showed a similar result. The 

coaxial placement of the supply pipe and the tunnel was chosen, but with the elimination of the cone-

shaped socket in the installation, i.e. the use of a constant tunnel section. 

Flow equalization in the case of 

application of coaxial placement of 

the feed pipe and tunnel is achieved 

at a distance of about five diameters, 

which confirms the well-known rule 

of hydraulics about the distance of 

equalization of the velocity field. The 

next stage of the work was a model 

study of constant cross-section tunnel 

(500 mm) using an air blower (fan) of 

the corresponding cross-section. 

Based on the experience of creating 

wind tunnels for other industries, it 

 
 

 
 

Fig.3. Estimation of the velocity field in the tunnel when using a small-section  

air blower and a cone-shaped socket with direct air supply (a) and when air 

is supplied through a 180° turn (b) 
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was decided to consider not only 

the operation of the air blower for 

inflow (Fig.4, a), but also for air 

extraction (Fig.4, b). Initial and 

boundary conditions: air inflow 

and extraction using a simulated 

axial fan with an average cross-

section velocity of 15 m/s, air 

temperature of 20 °C, relative humidity of 45 %, roughness value of all surfaces 0.2. 

According to the simulation results, it can be seen that the velocity field is stabilized worse when 

the fan is working on the air supply than when the fan is working on the extractor, so the second 

option is more preferable. But the use of two fans will make it possible to simulate the conditions of 

disturbance or discharge in the air, which gives additional opportunities when conducting laboratory 

studies of dust-forming surfaces in the installation. The use of a single fan in a tunnel with a closed 

air circulation will not allow such an effect. Closed circulation when working with dust-forming me-

dia always implies secondary intake of dust and the impossibility of minimizing the background con-

centration in the supplied air, therefore, the use of an open design is preferable. 

When modeling environmental conditions, the most important is the field of air velocities formed 

in the area of the test samples placement. A velocity field close to the normal one is not reached 

directly in a tunnel with a diameter of 500 mm, this is caused by the small diameter of the tunnel, 

which is due to a decrease in the overall dimensions of the device for its placement in the laboratory 

room. This necessitates to make a tear in the working part of the tunnel, as is done in wind tunnels 

for testing flight equipment. At the next stage of the research, the velocity field in the open part of 

the wind tunnel was evaluated. At the beginning, the calculation was carried out under the condition 

of air extraction from the tunnel and the free working part (Fig.5, a) and air discharge and the free 

working part (Fig.5, b). When air is extracted, it can be seen that at the specified initial velocities, the 

exit velocities from the working part are concentrated and the velocity increases significantly only at 

a distance of 0.1 diameter from the inlet, which does not allow obtaining the desired field in the 

working part, while when air is injected at the exit to the working part, a flare is formed with almost 

complete preservation of flow parameters at a distance of up to two diameters. When using an intake 

fan, an outlet pipe, a closed working part, a table for placing samples (Fig.5, c), it is possible to 

observe the formation of disturbances in the working part, while a similar design, but with the fan 

working on the extractor (Fig.5, d), shows the uniformity of the velocity field. In the presence of two 

fans – inlet and extract (Fig.5, e), the velocity field is extremely close to the field in the presence of 

only an extractor fan. Initial and boundary conditions: air extraction using a simulated axial fan with 

an average cross-section velocity of 15 m/s, air temperature of 20 °C, relative humidity of 45 %, 

roughness value of all surfaces 0.2. The open working part is square in cross-section with a side size 

of 2500 mm. 

Therefore, it was decided to focus on the layout with an extractor fan, but with the preservation 

of the intake fan to create a backup and a disturbance zone. The result of the work was an innovative 

laboratory installation for the study of dust-forming surfaces (Fig.6). Before using the laboratory instal-

lation, one of two wind tunnel configurations is chosen – a tunnel with an open part in the sample 

placement area is used (Fig.6, a), if it is necessary to simulate the conditions of exposure to wind flow 

in an open area without the influence of the tunnel walls, or the air supply pipe 5 and the air extraction 

pipe 12 are hermetically joined and form a closed tunnel (Fig.6, b) with isolated sample placement, in 

which there is no loss of dust-forming component during operation, and the impact assessment on the 

samples under study can be carried out by concentration values. 

 
 

 
 

Fig.4. Estimation of the velocity field in a tunnel of constant cross-section when  

the air blower is operating on the air flow into the tunnel (a) and on the extractor (b) 

b 
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Fig.5. Estimation of the velocity field in a tunnel with a tear in the working area when air is supplied at a velocity of 15 m/s  

when using: а – an extractor air blower and a free working part; b – intake air blower and free working part; 

c – intake air blower and outlet pipe in the presence of a table for placing samples; d – extractor air blower and inlet pipe  

in the presence of a table for placing samples; e – intake and extractor air blowers in the presence of a table for placing samples;  

f – air velocity scale 

 

 

     
 

Fig.6. Laboratory installation – wind tunnel for the study of dust-forming surfaces 

1 – wheel supports with a stopper; 2 – removable intake fan; 3 – deturbulating grids; 4 – meteorological meter; 5 – air supply pipe; 6 – removable adjusta-
ble deflectors; 7 – sealed slots; 8 – sample testing table; 9 – scale; 10 – clamps; 11 – dust meter; 12 – air extraction pipe; 13 – extractor fan;  

14 – sampling device of the measured dust; 15 – guides; 16 – frame; 17 – adjustable supports; 18 – background dust sampling device;  

19 – measuring probe 

 

By pre-regulating the operation of the removable intake fan 2 (or removing it) and the extractor 

fan 13, the aerodynamic mode is adjusted – modeling the conditions of disturbance or discharge in the 

wind flow and setting a certain flow velocity, as well as determining other microclimatic parameters 

with a meteorological meter 4 through a measuring probe 19. At the same time, the unevenness in the 

near field of wind velocities of the removable intake fan 2 (which the extractor fan 13 does not possess) 

is compensated by the deturbulating grids 3 installed behind it, and the removable adjustable deflectors 

6 can be the angle of the wind direction relative to the surface of the sample testing table 8. 

The sample testing table 8, supported by a scale 9, is set to the required height by adjustable 

supports 17, while remaining unloaded and blocked by clamps 10. After setting the aerodynamic 

mode, the operation of fans 2 and 13 is suspended. The clamps 10 are disconnected, the scale 9 is 

calibrated. A sample of the tested dust-forming component is placed on the surface of the table 8, 

after which it is weighed with a scale 9. Then, with clamps 10, the table 8 is fixed immobile. 
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In the case of using a wind tunnel configuration to study dust-forming surfaces with an open part in 

the sample placement area (Fig.6, a), the air supply pipe 5 and the air extraction pipe 12 are fixed at a 

given distance by wheel supports with a stopper 1. When using a wind tunnel configuration with iso-

lated placement of samples (Fig.6, b), when the air supply pipe 5 and the air extraction pipe 12 are 

hermetically joined, the table for test samples 8 on adjustable supports 17 is pushed into the tunnel 

through sealed slots 7. Next, either both fans 2 and 13 are started, or one of them according to the 

selected aerodynamic mode. 

During a certain exposure time, the dust meter 11 measures the background dust concentration 

by the background dust sampling device 18 and the dust concentration in the polluted air stream by 

the measured dust sampling device 14. After the fans 2 and 13 stop working, the clamps 10 are dis-

connected and the scale 9 measures the mass of the sample of the tested dust-forming component 

after aerodynamic impact on it. 

The comparative characteristics of the dust media testing facility developed by Shandong Univer-

sity of Science and Technology and Liaoning Technical University (China) and the developed wind 

tunnel for the study of dust-forming surfaces are presented in the table. 

 
Comparative characteristics of the dust media testing facility and wind tunnel for the study of dust-forming surfaces  

Dust media testing facility (China) Wind tunnel for the study of dust-forming surfaces 

An indirect pipe of non-constant square cross-section 

with wind shadows in two-sided and three-sided cor-

ners is used as a flow part 

A straight pipe of constant cross-section with an aerodynamically correct 

round shape is used as a flow part. 

Testing of samples is possible only in a closed pipe 

with the placement of samples isolated from the sup-

plying air with the determination of the intensity of 

dust emission only by mass loss 

Testing of samples is possible both in a closed pipe with sample placement 

isolated from the supplying air (determination of dust emission intensity by 

mass loss and concentrations), and with an open working part in the sample 

placement area to exclude the influence of walls on the air velocity field 

(determination of dust emission intensity by mass loss) 

There are no flow deturbulization devices There is a deturbulating grid of artificially created air flow 

There are no devices for varying the angle of the wind 

direction relative to the test surface 

There are removable adjustable deflectors for adjusting the angle of the 

wind direction relative to the surface of the sample testing table 

There is no constructive possibility of modeling  

various conditions for creating a wind flow 

Due to the use of a removable intake fan, it is possible to simulate the 

wind flow due to discharge, backup, with the formation of a disturbance 

zone, etc. 

Analysis of the mass of samples before and after  

aerodynamic impact is possible only with the  

discharge of samples from the installation 

Mass analysis of samples is possible immediately after testing directly in 

the installation by placing a table on a scale with clamps and sealing 

 

The issue of considering the wind velocity field above the surface deserves special attention. The 

flow of air in the atmospheric layer up to 500 m is significantly influenced by the relief of the 

underlying surface and the presence of buildings, which are considered on the scale of currents as 

a conditional roughness of the friction surface. According to experimental data on the profile of 

wind velocities in the surface layer, a logarithmic pattern is derived (Fig.7). On the earth surface, due 

to the well-known hydro- and aerodynamic conditions of complete adhesion, both the normal and 

two tangential components of the velocity turn to zero: 
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where V1 – wind velocity at a given height, m/s; V0 – wind velocity at a known height, m/s; 

H1 – given height, m; H0 – known height of wind velocity determination, m; k – the empirical rough-

ness value of the underlying surface varies from zero for the water surface to 0.44 for large cities with 

tall buildings and skyscrapers. 
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Fig.7. Examples of the influence of conditional roughness of the terrain surface on the wind velocity profile 

1 – city; 2 – suburb; 3 – flat terrain (outside the city) 

An individual question raises the accepted value of k. In many works, k = 0.143 is accepted, 

sometimes it is recommended to take k = 0.2. In the calculation methods of the USA, values from 0.2 

to 0.26 are used for various places. When measured at different heights, the k values reach 0.34. In 

some works for Ukraine, k = 0.167 is used. Specialists of the design and Engineering Technology 

Bureau “CONCORD” (Ukraine) proposed the following values: water surface – k = 0; fully open 

landscape with a soft surface such as runways at airports, mown grass, etc. – k = 0.12; open agricul-

tural land with single buildings – k = 0.245; agricultural land with separate buildings and eight–meter 

fences at a distance of more than 1250 m – k = 0.275; more than 500 m – k = 0.30; agricultural land 

with groups of buildings and eight–meter fences at a distance of more than 250 m – k = 0.335; villages, 

small towns, agricultural lands with separate buildings and high fences, forests and sharply rugged 

terrain – k = 0.37; large cities with tall buildings – k = 0.405; very large cities with tall buildings and 

skyscrapers – k= 0.44. The use of dependence with the choice of criterion k for the territory under 

consideration will make it possible to search for a similarity criterion when using the results of the 

experiment in practice during design. Understanding the regularity will allow extrapolation of wind 

velocity conditions when using the results of laboratory studies in a wind tunnel in practice. 

Thus, a wind tunnel for the study of dust-forming surfaces has an aerodynamically correct shape 

of a constant circular cross-section without the possibility of forming stagnant zones and allows to 

simulate the process of wind action on a dust-forming surface when placing a table for test samples 

in open air conditions close to real, in conditions of a closed tunnel and isolated placement of samples 

without loss of the dust-forming component. In this case, the dust discharge can be determined both 

by the concentration field formed in the tunnel after the table, and by the loss of mass of the tested 

dust-forming component. The presence of an intake fan, in addition to the extractor fan, allows to 

simulate the conditions of disturbance or discharge and set a certain flow velocity. The use of de-

turbulating grids makes it possible to equalize the field of wind velocities, and removable adjustable 

deflectors – to simulate the wind direction non-parallel to the surface. 

Prospective areas of research: continuation of the study of the air flow velocities influence in the 

tunnel, determined by a meteorological meter, and wind at a standard height of 10 m or any other 

height within 500 m from the surface of a dust-forming man-made massif, taking into account natural 

and anthropogenic relief elements; for practical use of the empirical roughness index of the underly-

ing surface, continuation of studies aimed at clarifying the values of this indicator. 

Conclusion. Despite the development of methods for the dispersion of pollutants, their use for 

the assessment of dust pollution of the atmosphere often does not allow to obtain a result that meets 

the real monitoring data. The reason for this is the imperfection of complexes and methods for esti-

mating dust transfer masses. The developed complex represents a new concept of an aerodynamic 

installation for testing dust-forming surfaces, solving the problem of similarity of model conditions 
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of dust distribution to real ones. The authors have developed the concept of an innovative laboratory 

installation for the study of dust-forming surfaces. Velocity fields were constructed and analyzed 

using various design solutions, which were selected based on the conditions of the laboratory and the 

formulated requirements for the laboratory installation. 

An installation is recommended that can be effectively used to solve practical problems [5, 27], 

namely, determining the dust discharge from man-made objects. This makes it possible to spot-fix 

the negative effects of dust-forming objects and effectively prevent them [18]. Due to the lack of a 

high-quality methodological and equipment base for the study of dust suppression methods, the fre-

quent use of these methods does not lead to the expected result, and confirmation of effectiveness can 

be provided only after implementation. The developed complex, in addition to determining the 

dust discharge, can be used to study the dust suppression means and determine the effectiveness 

of their use. 

The developed complex will make it possible to simulate aerodynamic effects in two modes: in 

the closed tunnel mode, which will bring the test conditions closer to the conditions created by other 

installations of this type, which will provide similarity for comparing the results with the results of 

other studies; in the open working part mode, in which the conditions are close to real atmospheric 

conditions. 

The use of the above formula will make it possible to interpret the air flow velocity in the tunnel, 

determined by the meteorological meter, into wind velocity at any height within 500 m from the dust-

forming surface, taking into account natural and anthropogenic relief elements. 

The developed laboratory installation can be used in scientific research, environmental monitor-

ing, research conducted under economic agreements [1, 3, 29], in particular in the context of sustain-

able development [14, 15]. The results can be used in the educational process in laboratory work 

devoted to the study of dust-forming processes. 
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