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S. N. Kuznetsov, N. А. Petrikeeva 

ENVIRONMENTAL SAFETY OF THE AIR ENVIRONMENT OF PREM ISES  

WITH THE EMISSION OF HARMFUL SUBSTANCES OF DIFFEREN T DENSITY 

Statement of the problem. The existing methods for the definition of the concentration of harm-

ful substances do not always allow one to estimate their allocation in the space of premises. For 

these purposes the mathematical model was developed and implemented on the computer which 

gives a chance to use the similarity theory for planning the calculations and generalization of their 

results. From the model equations non-dimensional criteria, and the solution of the equations of 

the mathematical model are written with a functional accuracy as a functional connection between 

both defining similarity parameter and uniqueness conditions. The type of a functional connection 

is determined experimentally. 

Results. A defining similarity parameter and criteria proportions for the mathematical models of 

processes of ventilation of the air environment of premises with use of substances that are lighter 

and was more high-gravity air are obtained. The results obtained by means of mathematical mod-

els of processes of ventilation allow one to estimate the effect of gravity of harmful substances on 

their allocation in premises and to allow for it in the process of designing ventilation systems. 

Conclusions. The results obtained will allow one to improve the environmental safety of the air 

environment of premises with the emission of harmful substances with various densities. 

Keywords: air exchange organization, harmful substances, environmental safety. 

 

Introduction 

 The existing methods of determining the concentration of harmful substances do not always 

allow one to estimate their distribution in premises. For these purposes a model is developed 

and implemented for us to be able to use the similarity theory for planning calculations and 
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generalizing their results. Dimensionless criteria are obtained using the model equations and 

the solutions for the mathematical model equations are written to a function accuracy as a 

functional connection between the determined and determining criteria of similarity and sin-

gle-valuedness condition. What the functional connection is like is determined experimental-

ly. The single-valuedness condition is the data characterizing geometric correlations and 

physical parameters as well as initial and boundary conditions of the process.  

1. Similarity criteria of the distribution of substances heavier and lighter than the air 

Using the similarity theorem, it can be found what characteristics the initial value is depen-

dent on and expand the results obtained on the mathematical model in all similar processes of 

ventilation. This helps formulate the tasks facing numerical experiments and generalize the 

obtained results [1, 3, 9, 10, 12, 13, 22, 23, 27, 30]. 

Let us use the similarity theory to analyze ventilation processes described by mathematical 

models. In order to describe the velocity fields of air flows, air temperatures and concentra-

tion of harmful substances, relative coordinates are used  
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where l0 is a typical size, m. 

The above mathematical models yield the following criteria for ventilation processes:  

− Fourier criterion for concentration fields: 
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− Reynolds criterion: 
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− Prandtl criterion: 
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− Schmidt criterion: 
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− Grasgof temperature criterion: 
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− Grassgod concentration criterion: 
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where a is the coefficient of the air heat conductivity, m2/sec; D is the diffusion coefficient of 

a harmful substance in the air, m2/sec; ν is the kinematic viscosity of the air, m2/sec; β is the 

air thermal expansion coefficient; g is the gravitational acceleration, m/sec2; ∆T = Ti - T0 is 

the temperature difference; ∆ρ is a change in the air density during the pollution of the air 

with a harmful substance, kg/m3; 

− criterion K that characterizes the correlation of the input and heat flows: 
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where Епс is the energy of the input flows generated by mechanical ventilation: 
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Етс is the energy of heat flows generated by heat sources: 
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where αi is the adjustment coefficient for the velocity pressure for the i-ty flow; L is the air 

volume in the i-th flow, m3/sec; V is the area of the premises, m3; ni is the adjustment coeffi-

cient for the i-th heat source.  
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The most general view [2, 4—9, 11, 14—16, 28, 29] of the criterion correlation of ventilation 

processes is as follows  

 0 0 0 0
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The mathematical model is used to calculate the concentration fields of harmful substances 

which are heavier and lighter than the air using the example of ventilated premises with the 

width of 12 m, height of 6 m, length of 24 m and the area of 1728 m3 and technological 

equipment that emits harmful substances. The order of the air exchange was 5 h-1. The input 

air is supplied by the air distributor into the upper area from both sides of the premises at the 

velocity of 1 m/sec. The air is removed from the lower area from both sides of the premises at 

the height of 1 m at the velocity of   0.7 m/sec (Fig. 1). The temperature of the input air, 

envelope structures and surfaces of the technological equipment is 290 К. 

 

 

Fig. 1. Schematic of the supply and 

removal of the air in the section of 

the premises  

 

Two series of calculations were carried out. In the first series the technological equipment 

emitted ammonia which is a gas which is lighter than the air and in the second series that was 

acetone vapors whose density is higher than that of the air. The similarity criteria of the 

processes were as follows:  

Re = 1⋅104; 

GrсSc = 1.5⋅1010- 4⋅1010; 

0 < Fo' < 9⋅10-4. 
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The ammonia consumption was G/cпдк = 0.2 m3/sec, of acetone G/cпдк = 0.1 m3/sec. 

The results of the calculation of non-stationary fields of the ammonia concentration for the 

section are in Fig. 2—3. 

a) b) 

 

c)  

 

Fig. 2. Ammonia concentration field. There 

are 9 levels  of the dimensionless concentra-

tion from 0.1 to 0.9; Re = 1⋅104;  

GrсSc = 1.5⋅1010: а) Fo' = 1.5⋅10-5; b) 

Fo' = 4.2⋅10-5; c) Fo' = 8.3⋅10-5 

 

The analysis of Fig. 2 shows that the ammonia concentration is unevenly distributed along the 

premises under the effect of air flows. At Fo' < 2⋅10-5 ammonia is distributed over its emission 

sources; at Fo' > 2⋅10-5 ammonia starts to distribute along the entire premises and the area of 

maximum concentration shifts to the left; at Fo' > 7⋅10-5 ammonia distribution along the pre-

mises becomes stationary.  

Fig. 3 indicates that average dimensionless ammonia concentrations in the operating area of the 

premises in the stationary mode vary in the range of 0.05…0.3, and are 0.8 over the emission 

source. Along the height of the premises average dimensionless ammonia concentrations rise 

from 0.15 in the operating area of the premises to 0.4 in the upper area. In the second series the 

technological equipment emitted acetone vapors whose density is higher than that of the air.  



Scientific Herald of the Voronezh State University of Architecture and Civil Engineering. Construction and Architecture 

80 

D
im

en
si

on
le

ss
 c

on
ce

nt
ra

tio
n

 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0 2 4 6 8 10 12

Б
е
з
р
а
з
м
е
р
н
а
я

 к
о
н
ц
е
н
т
р
а
ц
и
я

 
                                                                                                  x, m 

а) 
 

 

D
im

en
si

on
le

ss
 c

on
ce

nt
ra

tio
n

 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

0 2 4 6 8 10 12

Б
е
з
р
а
з
м
е
р
н
а
я

 к
о
н
ц
е
н
т
р
а
ц
и
я

 
                                                                                                       x, m 

b) 
 

Fig. 3. Distribution of average ammonia concentrations: Re = 1⋅104; GrсSc = 1.5⋅1010; 

Fo' = 8.3⋅10-5: а) along the operating area of the premises; b) along the height of the premises 
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The similarity criteria of the processes was Re = 1⋅104; GrсSc = 1.5⋅1010 - 4⋅1010;  

0 < Fo' < 9⋅10-4. 

The acetone concentration was G/cпдк = 0.1 m3/sec. 

The results of the calculation of non-stationary concentration fields of acetone for the section 

of the premises are in Fig. 4—5.  

The analysis of Fig. 4 shows that acetone is mainly in the lower area of the premises. At 

Fo' > 5⋅10-5 the distribution of acetone along the premises becomes stationary.  

Fig. 5 shows that average acetone concentration in the operating area of the premises varies in 

the range of 0.15…0.35. In the operating area the concentration of acetone reaches 0.5 and 0.3 

in the upper area.  

 

а) b) 

  

 

 

c) 

 

 

Fig. 4. Concentration field of acetone. There 

are 9 levels of dimensionless concentration 

from 0.1 to 0.9; Re = 1⋅104; GrсSc = 4⋅1010: 

а) Fo' = 1.5⋅10-5; b) Fo' = 4.2⋅10-5; c) 

Fo' = 8.3⋅105 
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Fig. 5. Distribution of average dimensionless concentrations of acetone: Re = 1⋅104; 

GrсSc = 4⋅1010; Fo' = 8.3⋅10-5:  

а) along the operating area of the premises; b) along the height of the premises 

 

The employed method permitted to get a full insight into the distribution of harmful sub-

stances in the premises.  

The obtained results permitted to assess the role different factors play in the formation of con-

centration fields of harmful substances and take them into account in the process of designing 

of ventilation systems [17—20, 24—26]. 

Conclusions 

1. In order to determine the concentration of harmful substances, a mathematical model 

was used, developed and implemented on a PC.  

2. The determining similarity criteria and criteria correlation for mathematical models 

of ventilation of the air of premises using substances lighter and heavier than the air.  

3. The results obtained with the help of mathematical models of ventilation permit to 

assess the influence of the density of harmful substances on their distribution along premises 

and take them into account in the process of designing ventilation systems.  

4. The obtained results permit to enhance the environmental safety of the air of premis-

es where harmful substances of varying density are emitted. 
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