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A b s t r a c t . The factors hierarchy performance model for 

a new design dust collector is developed. In addition to order-

ing the factors by importance of their inß uence, this model 

allows further separation of dependent (internal) components 

to identify the degree of weakening or strengthening of the 

source factor.

K e y  w o r d s : hierarchy model, linguistic variables, dust 

collector.

MATERIAL AND METHOS

Every year brings new developments in science and 

technique, modern technologies and different researches 

are perfected, but in spite of the positive side, there is 

a negative one: contaminants increasingly affecting the 

environment is increased the polluted atmosphere. Atmo-

spheric air is the most important life-supporting environ-

ment, which consists of mixture of gases and aerosols of 

the ground layer of atmosphere created during the Earth 

evolution. Protection of atmospheric air including ozone 

layer is the crucial issue of ecology today.

Most people spend 80-95% of their time in ofÞ ce 

premises. An important factor in their life quality is 

air. According to the latest statistical estimation the of-

Þ ce premises air is 100 times more polluted than the 

air outdoors.

The principal reason of air contamination in ofÞ ces 

are chemical compounds which have got inside. More than 

100 compounds can simultaneously be in the air of ofÞ ce 

premises, including: vapors of lead, cadmium, mercury, 

copper, zinc, phenol, formaldehyde, in concentrations 

which most frequently exceed GDK once or twice.

They are:

 – poisonous fumes and particles from cleansers used 

in ofÞ ce premises; their concentration is 1000 times 

higher than in the open air;

 – bacteria, viruses, spores of fungi and mould; Þ ne dust 

particles smaller than 10 microns, invisible for an 

eye, practically unseen and constantly hanging midair 

including dust borne mites and products of their vital 

functions, which belong to the strongest allergens;

 – products of vital functions of man (150 types of chemi-

cal matters) and home animals; tobacco smoke and 

3600 chemical matters in it;

In the indoor premises the air of which is not ex-

changed, one litre of air holds up to 300 thousand particles 

of dust, of 0.5 micro size. From them only 75-80 thou-

sands go back into an environment with exhalation, and 

more than 200 thousands remain to set in the organism 

of man, and more precisely - in his bronchial tubes and 

tracheas! Taking into account that the volume of inhala-

tion makes about 1.5-2 liters of air, it is simple to count 

that each time we inhale, our respiratory system absorbs 

about 400 thousand particles of dust and vapors. And 

everybody processes approximately 7-9 thousand liters 

of air daily in the quiet state and 6-8 times more in the 

state of physical activity. Consequently, our respiratory 

system must somehow “deal” with more than 30 million 

particles of dust and vapors. Let us remind once again, 

that in the environment of polluted air toxins are found 

as well as soot, pulverized grains, spores of fungi, bac-

teria, microbes, including the disease ones, an enormous 

list of harmful chemical matters and, Þ nally, home dust. 

[2,4] Every type of these particles of dust can turn into 

vapor to become an allergen. Even if these particles do 

not cause a toxic effect (the mucus shell of bronchial 

tubes is only irritated mechanically), they remain there 

for a long time. It is well known that for miners, for 

heavy smokers, the bronchial light is intensively painted 

in black color. But also people on average have the black 

pigment in bronchial lights, even if they never went down 

in a mine and never smoked.

According to the latest data of statistics there has been 

a drastic growth of number of pulmonary diseases, al-
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lergy and decline of immunity, dynamic growth of deaths, 

from spastic conditions, chronic bronchitis and asthma.

ANALYSIS OF LATEST RESEARCH WORKS

A lot of technological processes in different Þ elds 

of industry are accompanied by emissions to the atmo-

sphere of the dust of those materials which are applied 

in technological processes. For the decline of harmful 

emissions to atmospheric air, all sorts of dust-catcher 

devices are set on their sources.

From the large variety of the latter, the widest dis-

tribution was enjoyed by cyclones and Þ lters.

The dust aggregates (dry cyclones) with the mechani-

cal method of Þ ltration of air are used for the cleaning of 

polluted air from the medium-sized particles of different 

types of dry dust.

The following basic work tasks were in the last years 

of industry:

 – Development of the existing and introduction of new 

facilities for the cleaning from the emission dust of 

vent systems and technological processes. 

 – Conducting researches for taking the inventory of 

sources of contamination and development of norms 

for the maximum possible emissions of harmful mat-

ters to the atmosphere. 

 – Research work and development of the operating sys-

tems of ventilation for dust removal and promotion of 

the increase of efÞ ciency of their work.

It is accepted to divide dust catchers for providing 

of degree of the gas (air) cleaning from dust into: rough, 

middle and thin.

Rough dust catchers catch particles the size of which 

exceed 20 microns, middle-over 10 microns and thin - the 

size of which is below 10 microns. Such classiÞ cation 

can serve only for a rough estimate, because efÞ ciency 

of cleaning from dust depends not only on the sizes of 

particles but also their physical, chemical and morphomet-

ric properties, and it is related to that the same cleaning 

process can give different results for the dust of different 

materials.

The purpose of work is the creation of a tool for 

cleaning of air from dust on a new type of principle in 

which the considerable increase of efÞ ciency of clean-

ing is arrived at from dust dispersion and diminishing 

of hydraulic resistance and sizes.

STATEMENT OF TASK

For many years authors have engaged in the dust 

collector’s development for air cleaning from pollution 

for various industries [1-10]. A common shortcoming of 

many famous dust collectors constructions [1] is a sig-

niÞ cant reduction in their performance caused by the 

need of their frequent replacement, due to breaks from 

the high temperature of dust and gas ß ow, as well as 

the deterioration of the aerodynamic ß ow characteris-

tics due to the same reason - high temperature of dust 

and gas ß ow, which moves within it. A new design dust 

collector with heat exchanger (Fig 1) was developed, in 

which dust and gas stream pre-cooling before entering 

the apparatus extends its life and improves hydrodynamic 

and aerodynamic working environment, which in its turn 

leads to increasing its efÞ ciency and reducing hydraulic 

resistance [9].

Fig 1. Dust collector with a heat exchanger: 1 - inner tube heat 

exchanger, 2 - heat exchanger; 3 - coil 4 - cooler, 5 - cylindri-

cal-conical dust collector’s body, 6 - tangential inlet pipe;7 - 

jalousie separator, 8 - jalousie, 9 - exhaust pipe, 10 - dust outlet 

pipe, 11 - outer tube of heat exchanger

In the process of designing dust collector with a heat 

exchanger the factors were determined that affect its 

efÞ ciency. For the heat exchanger those are: hydraulic 

resistance, dust median diameter, inlet diameter, inlet 

angle, coolant temperature, type of cooling substance, 

length of the pipeline, design features of coil. For dust 

collector: hydraulic resistance, dust median diameter, 

inlet diameter, inlet angle, casing diameter, dust exit 

tube diameter, puriÞ ed air tube diameter, angle of cone, 

design of jalousie separator. The signiÞ cance of inß uence 

of certain factors on the efÞ ciency of dust collecting 

was described. It is possible to determine the degree 

of importance of a particular factor separately, without 

other side effects. Trying to summarize the data so far 

formally captures the result, even if it had been proven 

with factual material [19, 20 ].

Interestingly, from our point of view, and important 

in terms of predicting the effectiveness of the proposed 

design could be studies that use the methods of the pre-

vious effect determination of the set of selected factors 

on the efÞ ciency of the dust collector. An analysis of the 

nature and methods of various factors proved the need 

for factors hierarchy model development, which, besides 

ordering most important inß uence on the performance 

of the machine, also enabled further division into sub-

ordinate (internal) components to identify the degree of 

weakening or strengthening of causing factor. Formula-

tion and solution of such problems requires identifying 

the most complete set of generalized factors, establish-

ing peer reviews of intercommunication in the selected 

information environment [18]. Let the combination of 
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such factors be some set Z = {z1, z2, …, zn }. From this 

set we select a subset of the most signiÞ cant factors. To 

illustrate, mathematical notation of factors is provided 

with their mnemonic names and summarized in Table 1.

Ta b l e1 .  List of factors of efÞ ciency of work of dust col-

lector and their denotation

Mathematical 

denotation
Name

Mnemonic 

name 

z1 hydraulic resistance GO

z2 median diameter of dust MD

z3
diameter an entrance to the 

union coupling
VP

z4
angle of slope an entrance 

the union coupling
KN

z5 diameter of corps DK

z6
diameter to the union 

coupling of output of dust
DP

z7
diameter to the union 

coupling of the cleared air
OP

z8 corner of taper of corps

z9
construction of jalousie dust 

collector
ZHV

Subset of factors z and possible interactions between 

them is presented in the form of a directed graph (Fig. 

1), in the vertices of which are published subsets z
1
, arcs 

connecting adjacent pairs of vertices (z
i
, z

j
), for which 

the relationship is deÞ ned. It points to the dependence 

of one factor on another.

Ta b l e  2 .  Dependency Matrix of the initial graph vertices 

on relationships between factors

1 2 3 4 5 6 7 8 9

G D VP KH DK DP OP KK ZHV

1 GO 0 0 1 1 1 1 1 1 1

2 MD 0 0 0 0 0 0 0 0 0

3 VP 0 1 0 0 0 0 0 0 0

4 KN 0 1 0 0 0 0 0 0 0

5 DK 0 1 1 1 0 0 0 0 0

6 DP 0 1 1 0 1 0 0 1 1

7 OP 0 1 1 0 1 0 0 0 1

8 KK 0 1 0 0 1 0 0 0 0

9 ZHV 0 1 0 1 1 0 0 0 0

Using matrix A, construct a distance matrix. We form 

a binary matrix (I + A), where I - the identity matrix. 

As a result, distance matrix must satisfy the condition:

  (I+A)k-1<(I+A)k=(I+A)k+1. 

Practically its construction is simpliÞ ed to Þ ll Table. 

3, similar to the above, binary elements of which are 

deÞ ned by the following rule:

1 – if j is available from i,

0 – in another case.

 

GO 

z1 

ZHV 

   z9 

MD 

z2 

OP 

 z7 

KK 

z8 

VP 

z3 

DP 

z6 

KH 

 z4 

DK 

z5 

Fig. 2. Output graphic model of the relationship between fac-

tors determining the efÞ ciency of dust collector

Based on the graph, a binary matrix A is constructed, 

accordingly, for the set z
1 
[12].

For convenience, the matrix A with 9 × 9 elements 

dimension was put in Table 2, with information line added 

as well as the column with mnemonic factors’ names.

Ta b l e  3 .  Matrix initial graph heights from relationships 

between factors

1 2 3 4 5 6 7 8 9

GO MD VP KH DK DP OP KK ZHV

1 GO 1 0 1 1 1 1 1 1 1

2 MD 0 1 0 0 0 0 0 0 0

3 VP 0 1 1 0 0 0 0 0 0

4 KH 0 1 0 1 0 0 0 0 0

5 DK 0 1 1 1 1 0 0 0 0

6 DP 0 1 1 1 1 1 0 1 1

7 OP 0 1 1 1 0 0 1 0 1

8 KK 0 1 1 1 1 0 0 1 0

9 ZHV 0 1 1 1 1 0 0 0 1

Vertex z
j
 is achieved from vertex z

i
, if in the graph 

(Fig. 1) there is a path that leads from the vertex to 

the vertex of z
j
. This peak is called achievable. Denote 

a subset of these nodes through S (z
i
). Similarly, vertex 

z
i
 is the predecessor of vertex z

j
, if it reaches its peak. 

Let the set of vertices predecessor form a subset of P (z
i
).
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The Þ nal section of subsets of reachable vertices and 

the predecessors is the subset:

  R (z
i
) = S (z

i
)  P (z

i
), (1)

vertex which is not achieved from any of the re-

maining vertices of z1 determinates the priority level 

of the factors hierarchy attributed to these vertices. An 

additional condition for this is to ensure equality.

  P (z
i
) = R (z

i
). (2)

Implementation of the above set of actions gives the 

Þ rst level (the lowest in terms of importance to study 

the impact process) of factors hierarchy. To determine 

it on the basis of the previous, a matrix is constructed. 

Ta b l e  4 .  Iterative table for the Þ rst hierarchical level fac-

tors formation

S(z
i
) (z

i
) S(z

i
) (z

i
)

1 1, 3, 4, 5, 6, 7, 8, 9 1 1

2 2 2, 3, 4, 5, 6, 7, 8, 9 2

3 2, 3 1, 3, 5, 6, 7, 8, 9 3

4 2, 4 1, 4, 5, 6, 7, 8, 9 4

5 2, 3, 4, 5 1, 5, 6, 8, 9 5

6 2, 3, 4, 5, 6, 7, 8, 9 1, 6 6

7 2, 3, 4, 7, 9 1, 7 7

8 2, 3, 4, 5, 8 1, 6, 8 8

9 2, 3, 4, 5, 9 1, 6, 7, 9 9

The second column of Table 4 - numbers of single 

elements for corresponding rows of reach matrix, third 

- numbers of single column elements for the matrix.

Equality (2) is performed for the 1st factor - hydraulic 

resistance of dust collector (GO). 

According to the hierarchy analysis method [16], 

this factor belongs to the lowest level of the factors that 

determine the efÞ ciency of the dust collector. Then, from 

Table 4 line 1 is removed, and in the lines 2-9 number 

1is removed. We will get Table 5, which is the basis for 

calculating the second iteration of Þ nding factors numbers 

that determine the next level of the hierarchy.

Ta b l e  5 .  Iterative table to form the second hierarchical 

level factors

S(z
i
) (z

i
) S(z

i
) (z

i
)

2 2 2, 3, 4, 5, 6, 7, 8, 9 2

3 2, 3 3, 5, 6, 7, 8, 9 3

4 2, 4 4, 5, 6, 7, 8, 9 4

5 2, 3, 4, 5 5, 6, 8, 9 5

6 2, 3, 4, 5, 6, 7, 8, 9 6 6

7 2, 3, 4, 7, 9 7 7

8 2, 3, 4, 5, 8 6, 8 8

9 2, 3, 4, 5, 9 6, 7, 9 9

In the second iteration the equation (2) is performed 

for the factors with numbers 6 and 7, indicating a place 

that hold dust exit tube diameter (DP) and puriÞ ed air 

tube diameter (OD) of dust collector among the factors 

that determine the effectiveness of its operation. These 

factors determine the next level of the hierarchy. Then, 

from Table 5 lines 6 and 7 are removed, and in 2-5, 8 

and 9-th line - numbers 6 and 7 , thus obtaining Table. 6.

Ta b l e  6 .  Iterative table to form the third hierarchical level 

factors 

S(z
i
) (z

i
) S(z

i
) (z

i
)

2 2 2, 3, 4, 5 2

3 2, 3 3, 5 3

4 2, 4 4, 5 4

5 2, 3, 4, 5 5 5

The third iteration gives us the next hierarchical level 

of future model. From Table 6 we see that this level will 

be formed by two factors - the cone shell angle (CC) and 

the jalousie separator design (WO). From Table 7 we can 

determine the fourth hierarchical level of the model that 

is constructed.

Ta b l e  7 .  Iterative table to form the fourth hierarchical 

level factors

S(z
i
) (z

i
) S(z

i
) (z

i
)

2 2 2, 3, 4, 5 2

3 2, 3 3, 5 3

4 2, 4 4, 5 4

5 2, 3, 4, 5 5 5

From Table 7 we can see that the next level will be 

5 the factor - the diameter of the shell (DC).

Ta b l e  8 .  Iterative table to form the Þ fth hierarchical level 

factors

S(z
i
) (z

i
) S(z

i
) (z

i
)

2 2 2, 3, 4 2

3 2, 3 3 3

4 2, 4 4 4
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Fig. 3. Model of factors hierarchy that determines efÞ ciency 

of the dust collector

CONCLUSIONS

It should be noted that the result of inclusion of se-

lected factors to the appropriate hierarchical level is objec-

tive in so far as its validity is provided by using known 

principles of the theory of system analysis, modeling 

theory, research and solving problems methodology. The 

appearance of concrete barriers at some level depends 

on established links between them, given in the original 

graph (Fig. 1). Their numbers and substances change will 

cause the resulting modiÞ cation of the model. If each 

of the factors will be evaluated by some number or will 

be given appropriate weighing priority of factors on the 

efÞ ciency of the dust collector, then, as follows from Fig. 

2, the weight factor will correspond to the number of 

hierarchy levels. However, the priority of factors on the 

efÞ ciency of the new design dust collectors is of the rela-

tive size and can be changed depending on the expertise 

measurements of the impact factor on the investigational 

process. As a result, probabilistic performance factors 

hierarchy model of the developed device is synthetised, 

and on its basis in the Þ rst approximation, the model 

of priority factors inß uencing the efÞ ciency of the new 

design dust collector. The results, in our opinion, may 

be subject to adjustment during these studies.
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