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Abstract. All articles must coTheatmospheric air in cities contains a large number of 

pollutants in the form of solid particlesand dust. One of the most dangerous not only for 

humans, but also for building structures, are the particles smaller than 10 microns. They 

penetrate into the structures of cladding façade systems, fall and settle on the surface ofa 

insulation made of mineral wool, as well as on metal elements of the façade cladding system, 

facedinto the ventilated air layer. The author carried out a large number of experimental studies 

of structures of façade cladding systems, which made it possible to choose the following 

parameters and characteristics when performing this work.The article deals with the dynamics 

of the motion of dust particles with a size from 1 to 5 microns in the air interlayer of the 

claddingfaçade system with the Reynolds number Re ≤ 1. An equation is obtained for 

calculating the velocity of dust particles in a size of 10-50 µm in the air stream at its rate of 

0.1-0.0, 8 m/s at various outside air temperatures, as well as the conditions under which dust 

particles "levitate" in the air gap are determined. At the same time, "levitating" dust particles 

settle on the surface of a mineral wool insulation from a stone fibber and penetrate into the 

thickness of the fibrous insulation, causing a change in its thermal and sorption characteristics. 

1.   Introduction 

The growth of the city and its infrastructure contributes to an increase of the content of pollutions in 

the air [1,2,3]. Injuries chemicals and waste gases from industrial facilities and transport change the 

atmospheric air, worsening its composition. The concentration of pollutants often approaches a 

biologically dangerous limit not only for people, animals, plants, but also for building 

structures[3,4,5]. In the production of building materials a large number of pollutants are also released 

(Table 1). At the same time, various pollutants SO2, CO, NO2, H2S, heavy metal particles (Pb, Zn, Ni, 

Co), as well as particles from the road surface including asphalt or asphalt concrete, and road transport 

- rubber are present in the ambient air [6]. They in the form of aerosols (dust) under the influence of 

aerodynamic flows rise up and flow around the facades of buildings [7,8], including the design of 

cladding facades.  

2. Basics for creating a model 

To solve the problem, we will consider a complex model of the dynamics of the movement of air flow 

with dust particles from the surface of the urban environment till its penetration and winding in the 

ventilated air layer of the cladding facade system. 



International Multi-Conference on Industrial Engineering and Modern technologies

IOP Conf. Series: Materials Science and Engineering 463 (2018) 032025

IOP Publishing

doi:10.1088/1757-899X/463/3/032025

2

The movement of aerosols under the influence of wind flow from the surface of the pavement 

(asphalt) and its air-flowon the windward side of the facade with pollution particles (С1 + С2 + ... + Сn), 

which have the summation of the action. 

 

Table 1. Disperse composition of dusts formed in certain technological processes 

Technological equipment Particle material 

Dustiness of 

gases, g/m
3
 

Diameter of 

material particle 

μm 

Rotary kiln 

 

Shaft Mill 

Rotary cement kiln (dry method of 

production)  

 

Electrolyzer of aluminum (lateral 

current lead) 

Furnace for firing clinker (wet method 

of production)  

 

Cement mill 

Spray dryer 

 

 

Drum dryer 

 

Incinerator 

Fluidized bed furnace 

Magnesite 

Dolomite 

Magnesite 

Clinker 

A mixture of slag 

and quail 

Aluminum oxides 

 

Clinker 

 

 

Clinker 

Double 

superphosphate» 

 

Double 

superphosphate» 

Ash 

Limestone 

100-120 

35-45 

1200 

40 

20 

 

1 

 

25-30 

9-9,6 

28,5 

18,5 

45 

3-5 

 

12-16 

17 

27 

43 

28 

72 

11 

20 

 

20 

 

23 

9,5 

14 

8 

17 

80 

 

35 

41 

29 

 

Based on Bernoulli's equation in connection with the speed of the air flow along the surfaces of the 

vs.fac and the wind speed vwind, the equation (1) is derived. This equation allows one to describe the 

dynamics of particle movement in the form of aerosols and dust particles with their partial penetration 

through the gaps between the facing tiles in the ventilated air interlayer of façade cladding system 

 

                            
2
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2

2145 )...()...( windnsfacn CCCCCCK                                          (1) 

 

где (С1 + С2 + … + Сn) и (С1
/
 + С2

/
 + … + Сn

/
) – concentration of pollutants, determined 

experimentally, mg / m
3
; K45 - aerodynamic coefficient, proposed by E.Retter [9], which takes into 

account the influence of wind at an angle of 45º on the windward surface of the facade, which has 

holes; vs.fac - speed of air flow at the surface of the ventilated facade, m/s; vwind - wind speed is wind 

speed, m/s. 

The airflow blows around the building, enters the ventilated air interlayer through the gaps between 

the claddingtiles into the inlet openings and is removed through the exhaust openings. Under the 

influence of wind and gravity pressure there will be a natural circulation of air flow [10] with particles 

of dust in the ventilated air interlayer of the cladding façade system. 

3. The solution of the problem 

Let us determine the velocity of dust particles moving upward with the air flowinto the ventilated air 

layer. To do this, let us take into consideration the dust particles with dimensions dd.p from 10 to 50 
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μm [11]. In calculations based on the results of investigations of the authors [11,12,13,14,15] we take 

the spherical shape of the dust particle. The Reynolds number for these dust particles in these 

conditions is in the range 0≤Re≤1. The movement of dust particles in the air stream will depend on the 

density of the dust particles ρd and the air flow density ρair.flow, as well as the velocities vd and vair.flow, 

which is caused by the action of the frontal force Rx. This dependence can be written in the form 

 

                                       
 

2
2

.4
.

4 2

air flow dd
x air flow

d
R C

 



                                          (2) 

 

                                

whereC  — coefficient of aerodynamic resistance is characterized by the Reynolds number 

 . 4
Re

air flow d dd 




 . 

For the dust particles under consideration with the Reynolds number 0 <Re ≤ 1, we express in 

accordance with the well-known Stokes formula 

 

 .

24 24

Re
air flow d d

C


  
  


    (3) 

 

When solving the problem of the movement of dust particles upwards for a vertical air flow, let us 

dwell on the equation proposed by N.S.Sorokin and V.N.Taliev [13], when a particle of dust with a 

weight mg rises upwards with an airflow at a speed vair.flow 

 

d
x

d
R mg m

d




       (4) 

 

where g - the acceleration of free fall, m/s
2
; Θ- time, s. 

However, the solution of equation (4) is not given in the works of the authors [15]. In addition, it 

does not take into account the air density ρair.flow and the density of dust particlesρd. In this regard, the 

final equation to determine the speed of the upward movement of the air flow with dust particles was 

obtained by the author in the following form 

 
2

.

.18

d d

d air flow

air flow

gd p
 


      (5) 

 

where vair.flow - air velocity in the ventilated air layer, m/s; g - acceleration of free fall m/s
2
; dd- the 

diameter of the dust particle, μm; ν -the kinematic viscosity of air, m
2
/s; ρd- density of a particle of a 

dust, kg/m
3
 and ; ρdair.flow -  density of an air stream, kg/m3. 

The obtained equation (5) allows to calculate the speed of dust particles moving upward in the air 

flow into the ventilated layer, depending on the diameter of dust particles, their density and air flow 

density at different altitudes of the ventilated facade. In addition, equation (5) differs from the 

equations of other authors [12-16]. These consider the conditions when the dust particles fall down. 

 The analysis results of the calculation according to equation (5) for the conditions of 0<Re ≤ 1 has 

allowed to establish the following regularity. The dust particle, trapped together with the outside air 

throughsupply opening in a ventilated air layer under the action of gravity and wind pressure rise 

upwards. Into the air interlayer together with the air stream the movement of dust particles with a 
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diameter of 10 to 50 microns takes place. It has been established that the velocity of the air flow vair.flow 

and the speed of the dust particles vd within the considered limits are practically the same. This pattern 

is seen at air temperature in a ventilated air layer text= -20 ° C, text =  0ºC and text =  20ºC. 

To determine the speed of air movement in a ventilated air layer, special experimental thermal 

engineering studies were performed in the cladding facade structures with air gap in the buildings 

located in the center of Moscow [17,18]. In the facing plates of the cladding façade system, holes were 

drilled into which special sensorswere insertedto measure the speed of air movement in a ventilated air 

gap. At the same time, the velocities of the wind flow were measured. The obtained dependences 

between the velocities of the wind flow and the speed of air movement in the ventilated air layer made 

it possible to obtain the following empirical equation 

 

                                            vair.flow=0,327 vwind
0,46

                                                                     (6) 

 

It should be noted that the scope of equation (6) is limited to numerical values, when the wind 

speed is not higher than 8 m/s. 

After substituting (6) into equation (5), we obtain formula (7), which allows us to determine the 

velocity of dust particles in the air layer as a function of the wind flow 

 

                              

2

0,46

.

0,327
18

d d

d wind

air flow

gd p
 


                                                              (7) 

 

The results of the calculation using formula (7) are given in Table 2. 

 

Table 2. The velocity of dust particles, depending on the speed of the wind flow and air flow in a 

ventilated interlayer ventilated. 

Wind speed, 

m/s 

Air speed, 

m/s 

Diameter of dust particles dd, μm 

10 20 30 40 50 

At an outside temperature text = -20
0
С 

0,1 0,1 0,099 0,098 0,097 0,097 0,096 

0,35 0,2 0,199 0,197 0,197 0,197 0,196 

0,8 0,3 0,298 0,298 0,298 0,297 0,297 

1,5 0,4 0,399 0,398 0,397 0,397 0,397 

2,5 0,5 0,498 0,497 0,498 0,498 0,497 

3,7 0,6 0,599 0,598 0,597 0,598 0,597 

5,2 0,7 0,698 0,698 0,698 0,698 0,697 

7,0 0,8 0,799 0,798 0,798 0,797 0,797 

 

The analysis of the motion of dust particles with diameter from 10 to 50 μm at the speed of air flow 

from  0.1 to 0.8 m/s, showed that these particles have practically equal velocities in the air layer of the 

cladding façade system. 

4. Conclusion 

Thus, the complex theoretical and experimental studies carried out have made it possible to develop a 

method for calculating the velocity of dust particles with a size of 10 μm to 50 μm in a ventilated air 

interlayer of the ventilated facade, with the wind flow on the windward side of the building. 
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