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Increasing the efficiency of dust extraction at crusher feeding points

@ Abstract. The loading of crushers at mining and processing facilities is accompanied by intensive emissions
of fine particulate dust, which deteriorates working conditions, increases the risk of occupational respiratory
diseases,and causes additional abrasive wear of process equipment.The problem is particularly relevant where
the use of water-based dust suppression methods is limited due to sludge formation, high water consumption,
and difficulties in their application during the cold season. The aim of this study was to develop a design for
a crusher feed hopper enclosure and to provide a scientific basis for a method of calculating the extraction
parameters required to ensure uniform removal of contaminated air along the entire material loading zone.
Mathematical modelling of air-flow dynamics was carried out using the static pressure method and the
momentum equation. The model considered the air flow in a longitudinal extraction duct with a variable-
width slot. It was established that respirable dust fractions with particle sizes of up to 10 ym predominate
in the workplaces of crushing and screening plants, representing the greatest health hazard to workers. It
was demonstrated that one of the causes of dust escaping from beneath the enclosure is the unevenness of
extraction velocities along the duct. A mathematical model was developed to determine the variable width
of the longitudinal extraction slot as a function of the distance from the extraction connection point. It was
established that, to ensure a stable extraction velocity, the slot width should gradually decrease from the
closed end of the duct towards the point where the extraction system is connected. Analytical relationships
were obtained for calculating the geometrical parameters of triangular-section ducts that prevent dust
deposition inside the system. A design for a mobile extraction enclosure for a crusher feed hopper was
proposed, incorporating longitudinal slots of variable width and a hinged connection to the extraction duct.
The practical significance of the results lies in the localisation of dust emissions and the reduction of dust
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concentrations in the workplace air by ensuring uniform extraction of contaminated air along the entire length

of the crusher feed hopper

® Keywords: dust aerosol; respirable fraction; emission localisation; slotted extractor; static pressure; air flow;

enclosure

8 Introduction
Enterprises in the mining and processing industries are
among those with the highest risk of dust pollution.
One of the most significant sources of air pollution in
the workplace is the loading of crushers, during which a
considerable amount of fine dust is released as a result
of free fall, impact and the crushing of mineral raw ma-
terials. Respirable particles measuring up to 10 ym pose
a particular hazard, as they are capable of remaining sus-
pended in the air for long periods and penetrating deep
into the human respiratory system. Iron ore mining op-
erations are characterised by the presence of significant
amounts of free silicon dioxide in the dust, the effects of
which are linked to the development of silicosis, chron-
ic lung diseases and other occupational pathologies.

Water is the most common agent used for dust
suppression, as it allows dust particles to agglomerate
due to the capillary effect. The works of O. Lapshyn et
al.(2023) and M. Beltran-Marquez et al. (2025) examined
water spraying systems based on moistening the mate-
rial to prevent the release of fine dust that pollutes the
air in the workplace. This is one of the most common
methods, implemented by installing nozzles directly
above the feed hoppers of crushers. However, intensive
water spraying leads to water wastage, over-moisten-
ing of the raw material and the formation of liquid slur-
ry. Attempts to address this problem by optimising the
chemical composition of spray solutions and introduc-
ing electrostatic fine-particle spraying technology were
investigated in the work by Y-H. Oh et al. (2026).

The use of surfactants improves the wettability of
dust, making it heavier and easier to capture than with
plain water (Xu et al., 2023). The use of aqueous solu-
tions of calcium chloride salts increases the surface
tension of the water film between dust particles and
slows down moisture evaporation, which ultimately al-
lows for the efficient use of water resources in dust con-
trol (Zhao et al., 2021). However, the main drawbacks of
using water are the formation of sludge and the need to
organise a water supply recycling cycle (settling tanks,
transfer pumps, etc.), the formation of deposits on the
internal surfaces of machinery, limited water use dur-
ing the winter months, as well as the increased cost
of dust collection, significant water consumption and
energy expenditure, as confirmed by the study by Y. Li et
al. (2026). This confirms that rational management of

a company’s water resources and high efficiency in the
removal of respirable dust fractions cannot be achieved
solely through wet methods.

Researchers M. Ji et al. (2022) proposed the use of
air-mechanical foam to reduce dust load, as it requires
less water and ensures the material’s surface is covered,
forming a continuous layer. However, this method can
only be effective when the foam covers the surface of
stationary material with a continuous layer. When feed-
ing a crusher, the uniformly accelerated motion of the
falling material and the resulting upward air currents
will carry the foam away along with the dust, as the foam
is a mixture of gas and liquid in the form of bubbles,
which do not bind all the dust in the loose rock. Within
the overall set of measures to control dust during the
feeding of crushers, water spraying is regarded as an ef-
fective complement to the main measures. However, in
many cases, the implementation of this method requires
the reconstruction and re-equipping of crusher feeding
points, which entails significant capital expenditure;
furthermore, for coarse mineral feedstock in the initial
stages of crushing, the proposed methods are ineffective.
The methods mentioned above may, on the one hand,
be effective under specific conditions, but on the other
hand, their use is limited due to existing shortcomings.

The most effective way of containing dust emis-
sions is considered to be enclosing the sources of dust
emissions, in particular the loading zones of crush-
ers (National Institute for Occupational Safety and
Health, n.d.). Enclosing crushing equipment and loading
zones prevents 80-90% of dust from entering the air at
workstations. When combined with other dust suppres-
sion methods and measures, the greatest effectiveness
is achieved in containing dust emissions and reducing
dust concentrations in the workplace. An analysis of
current methods indicates that the unloading of bulk
materials without enclosures and extraction systems
is, in all cases, accompanied by intense dust emissions.
Fine dust generated as a result of the extraction and
processing of minerals is characterised by high hydro-
phobicity, whilst the large droplet size of the irriga-
tion liquid reduces the efficiency of its capture (Xu et
al.,2023). When comparing methods and means of dust
suppression during crusher feeding, it can be conclud-
ed that the most effective solution is a combination of
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different methods, provided that crusher feeding points
are equipped with enclosures fitted with local extractor
pipes for connection to extraction systems. Thus, the
aim of this study was to develop a design for a crusher
feed hopper enclosure and to provide a scientific justi-
fication for the method of calculating aspiration param-
eters to ensure uniform extraction of contaminated air
throughout the entire loading zone.

® Materials and Methods

The study analysed research into the particle size dis-
tribution of dust at crushing and screening plants and
the aerodynamic mechanisms of dust emission during
the loading of crushers; a mathematical model of air-
flow in a slotted air duct was developed, and a design
for a mobile extraction enclosure was proposed to lo-
calise dust emissions during the loading of crushers.
The analysis included scientific studies published pre-
dominantly between 2021 and 2026 in international
peer-reviewed journals, containing research findings
on dust particle-size distribution, the processes gov-
erning its dispersion in workplace air, the effective-
ness of dust suppression, and the aerodynamics of
extraction systems.

The object of the study was the process of localis-
ing dust emissions during the loading of crushers with
mineral raw materials using an extraction enclosure
with slotted extraction. The subject of the study was
the aerodynamic behaviour of air flows in an extraction
air duct with a slot of variable width, which determines
the uniformity of contaminated-air removal along the
crusher feed hopper. The theoretical basis of the study
is the classical static-pressure aerodynamic method
combined with the momentum equation. This approach
made it possible to account for changes in static pres-
sure along the air duct resulting from the entrainment
of additional air masses through the extraction slot and
pressure losses due to friction. Unlike simplified em-
pirical calculation methods, the use of the momentum
equation provides a physically justified description of
the processes governing the formation of air flows in
slotted extraction devices.

The main research method was mathematical mod-
elling of the air-flow movement in the collecting air
duct of the extraction enclosure. The object of calcu-
lation in the developed mathematical model was the
continuous volume of air flow moving inside the col-
lecting longitudinal air duct of the extraction enclosure
through an extraction slot of variable width. The air
duct was considered as a continuous-extraction collec-
tor with a transit outlet for the dust-air mixture to the
ventilation unit. The following assumptions were made
when developing the mathematical model: the air-flow

coefficient through the slot y and the aerodynamic fric-
tion resistance coefficient A were assumed to be con-
stant along the entire length of the extraction slot and
air duct, respectively; the velocity distribution across
the cross-sections of the air duct was assumed to be
uniform; the momentum of the air entering through the
slot, projected onto the axis of the duct, was assumed
to be zero. These assumptions made it possible to use
the momentum equation to determine the excess static
pressure AP at any point in the system.

The initial parameters of the mathematical model
were: the length of the air duct (the geometric length of
the localisation zone of the crusher’s feed hopper) [, m;
the cross-sectional area of the air duct F, m?; the suction
velocity of the air flow in the slit, which ensures the cap-
ture (extraction) of respirable dust particles 9,, m/s; the
air density p, kg/m?. In accordance with the developed
mathematical model and the aerodynamic method of
static pressures, the calculation determines the width
of the longitudinal slot §, in an arbitrary cross-section.
Calculating this value enabled precise geometric ad-
justment of the opening to compensate for the drop in
static pressure and maintain a stable suction velocity
along the entire length. The rationale for the method of
calculating air ducts with a longitudinal slot, based on
the static pressure method, is set out below.

A key drawback of many standard aspiration sys-
tems is uneven suction: the flow is stronger closer to
the fan, whilst in more distant sections it is insufficient
for dust collection. The proposed method has resolved
this problem through the geometric adaptation of the
air duct’s suction slot. In suction air ducts with a slot,
the average air velocity inside the duct is determined
by the formula:

0= u T B Pp=n

where u - the flow coefficient; P - the static pressure
inside the air duct; P, - the static pressure outside the
air duct; AP=P- P, - the excess static pressure; p - the
density of air. Taking formula (1) into account, the air
flow rate Q at a suction slot of width § is described by
the relationship:

Q=u-8y2-(£AP)/p. (2)

It can be seen from equation (2) that, for uni-
form air intake, the width of the slot must vary along
the entire length of the air duct. To ensure uniform
air intake through a slot in an air duct of constant
cross-sectional area F and length [, the width of the
longitudinal slot at any cross-section x is determined
by the following equation:

—2-AP/p, (1)
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F9 _ Q.
=i o

x = o,

The air intake velocity at the slot in an arbitrary
cross-section x is described by the relationship:

Oy =u-(2/p) - (Pa — Po). “)

To determine the excess pressure AP in aspiration

air ducts, the equation of momentum is used. In this

case, pressure losses due to flow are not taken into ac-

count, and the projection of the volume of air drawn in

through the slot onto the axis of the duct is equal to

zero. For the volume of air inside a suction air duct with

a longitudinal slit, the momentum equation, projected
onto the axis of the air duct, takes the form:

PO-F—Px'F—f;CTx'de=pF19?%’ (5)

where x=0 - the cross-section at the start of the air
duct on the closed end; x - the cross-section at the
opposite end near the air outlet at a distance corre-
sponding to the length of the air duct, meaning x =/;
T, - the friction stress, t,=A/4- p9,%/2; A - coefficient of
aerodynamic friction drag. If the value of the frictional
shear stress t,, into equation (5) and all terms of the
equation are then divided by F, the following equation
is obtained

2
po_px_fxi.&

05 2 dx = p92. (6)

For uniform air intake 9, =9 x/1. Substituting 9, into
formula (6) and integrating gives:

+ A_x) p_192,( 7)

xz
P"_PO__(Z 3dy) 2

12
where d, - the equivalent diameter of the air duct. If
J,, calculated using formula (4), and P, calculated us-
ing formula (7), are substituted into formula (3), the slot
width at an arbitrary cross-section x is calculated using
the following formula:

1

0 = )

6—10+ ”;;‘2 (2 +2—'§),

where §, - the slit width at the start of the air duct
on the closed end, meaning at x=0. It is evident from
equation (8) that the slit width will be at its greatest at
x =0, which is at the start of the air duct on the closed
end. As x increases to x =/, the slit width will be at its
smallest. Consequently, the maximum slot width must
be such that the dust suction velocity along the entire
length of the slot is not less than the permissible value.

To this end, the maximum slot width §, must be calcu-
lated using the formula:

8o = 2. )

For an air duct with a cross-section in the form of
an isosceles triangle, the equivalent diameter d,, is cal-
culated using the formula:

__ 2ah
0™ ay2p’

(10)

and the cross-sectional area F is calculated using the
formula:

F =-ah, (11)
where a - the base of the isosceles triangle; b - the side
of the isosceles triangle; h - the height of the isosceles
triangle. Consequently, the change in static pressure P,
along the air duct from its closed end at x =0 to the
outlet at x=[is described by equation (7). This equation
takes into account both the dynamic component of the
flow and friction losses, where d, - the equivalent di-
ameter of the air duct.

To ensure a stable dust extraction rate, the slot
width 6, must be at its maximum at the closed end of
the air duct and gradually decrease to its minimum val-
ue near the extraction unit. Formula (8) was used to
calculate the slot width at an arbitrary cross-section x.
The proposed method is universal and allows the cal-
culation to be adapted to the specific shape of the air
duct. For example, for extraction systems with an air
duct cross-section in the shape of an isosceles triangle
(which is often used to prevent dust from settling on
the walls), the area F and the equivalent diameter d, are
determined in terms of the geometric parameters of the
base g, the side b and the height h. Thus, the proposed
method for calculating the variable slot width 6, is
modern and scientifically sound, enabling high extrac-
tion efficiency to be achieved at the feeding points of
crushers throughout the entire feeding zone by equal-
ising the suction velocity distribution. This minimises
dust ejection zones and prevents energy wastage due
to excessive ventilation at specific points in the system.

® Results and Discussion
Particle size distribution of dust
and its hazard to workers
Mineral raw materials and bulk materials unloaded into
the crusher contain fine dust formed as a result of rock
fragmentation by blasting in a quarry or mine, as well
as from friction between pieces of material or impacts

Mining Journal of Kryvyi Rih National University. 2026. Vol. 60, No. 1

75



76

Increasing the efficiency of dust extraction at crusher feeding points

of pieces against various surfaces during transport and
transhipment. Fine dust is characterised by high hy-
drophobicity; it is capable of remaining suspended for
long periods and contaminating the air. An analysis of
recent studies on the particle size distribution of dust
in crushing and screening plant areas has shown a pre-
dominance of respirable dust fractions up to 10 um.The
study by Z. Liu et al. (2023) established that over 84%
of the dust in the air of a crushing plant consists of
particles up to 2.5 ym in size, which remain suspended
for a long time and are characterised by high mobility.
Research by A. Penchala et al. (2025) found that the ra-
tio between dust fractions of 1 uym, 2.5 pm and 10 pm
remains virtually unchanged even at a height of 30 m
above the dust emission source, indicating their high
resistance to settling and their ability to remain in the
atmosphere of industrial facilities for extended periods.

The research findings presented in the work by
V.Shapovalov (2019) indicated that airborne dust levels
at workplaces in the crushing and screening plants of
Kryvyi Rih generally exceed health standards. Further-
more, most of the dust in the air at these workplaces
contains free SiO, in the form of quartz and has a parti-
cle size of up to 5 ym. It is precisely the fine dust frac-
tions measuring up to 5 um that pose the greatest risk
to workers’ health, as confirmed by the study by K. Van-
ka et al. (2022), as well as in the study by O. Chenche-
va et al. (2023) on the pathogenesis of occupational
lung diseases. Silicon dioxide, also known as silica, is
a chemical compound commonly found in quartz, the
grains of which have sharp edges. As iron ore compo-
nents are more difficult to grind than quartz, the rel-
ative content of silicon dioxide in airborne dust may
be higher than in rock. Inhaling dust containing silicon
dioxide is harmful to human health, as it can become
trapped in the lungs, causing inflammation and scar-
ring of the lung tissue. This condition is known as sili-
cosis and can lead to permanent lung damage or even
the death of the patient (Vanka et al., 2022).

Dust particles larger than 50 um are trapped in the
nose, nasopharynx, trachea and large bronchi when in-
haled. Although these particles do not reach the lungs,
they cause mechanical irritation of the mucous mem-
brane, leading to chronic rhinitis and laryngitis. Accord-
ing to the findings of G. Liu et al. (2026), this dust also
contributes to secondary contamination of the work
area through resuspension caused by air currents and
the operation of equipment. Dust particles measuring
15-10 um are trapped in the upper respiratory tract and
small bronchi. It is this fraction that is responsible for
the development of occupational bronchitis. Dust par-
ticles measuring up to 10 um reach the alveoli of the
lungs, although they are mainly trapped in the upper

respiratory tract. Modern medicine, notably K. Vanka et
al.(2022), classifies this fraction as “thoracic”. It is critical
because particles of this size are capable of absorbing
toxic substances and microorganisms onto their surface,
transporting them deeper into the respiratory system.

The greatest danger is posed by ultrafine dust par-
ticles measuring up to 2 ym (the respirable fraction),
as they remain in the lungs for a prolonged period and
damage lung tissue (Liu et al., 2026). This is fully con-
firmed by the results of pathogenesis studies (Vanka et
al.,2022).Such dust is ingested by alveolar macrophag-
es, triggering a cascade of inflammatory reactions,
leading to fibrosis of the lung tissue (silicosis, anthra-
cosis) and the potential entry of nanoparticles into the
systemic circulation. Irritation of the upper respiratory
tract in the early stages is accompanied by a tickling
sensation in the throat, coughing and the expectoration
of contaminated sputum. This is due to the body’s de-
fensive reflexes - sneezing, coughing and bronchial ac-
tivity. Prolonged exposure to dust causes inflammation
of the upper respiratory tract, the symptoms of which
include dryness of the mucous membranes, reduced
sputum production, a dry cough and hoarseness.

The greatest danger to human health arises when
dust penetrates deep into the lungs, where it comes into
contact with lung tissue, bronchioles and alveoli. When
dust enters the lungs, its harmful components are ab-
sorbed in large quantities due to the extensive surface
area of contact, causing irritation to the lungs and sys-
temic toxicity. Dust that enters the lungs and accumu-
lates over a long period of time causes the growth of
connective tissue (fibrotic nodules) around each alveo-
Lus; this tissue is unable to react with oxygen in the air,
oxygenate the blood or remove carbon dioxide during
exhalation. Prolonged accumulation of dust contributes
to the growth of hardened lung tissue, as a result of
which part of the lungs loses the ability to perform its
function - to absorb oxygen and release carbon diox-
ide. A lack of oxygen causes shortness of breath whilst
walking or performing physical work, weakens the
body’s immune system and reduces work capacity, and
contributes to the development of diseases of the heart
and other organs. Such symptoms are characteristic
of fibrogenic dust, which contains silicon dioxide, iron
oxides and other substances (Chencheva et al, 2023).
Prolonged exposure to such dust is the main cause
of occupational respiratory diseases among workers.

Aerodynamic mechanisms of dust emission

during the loading of crushers

The amount of contaminated air entering production
premises during the feeding of crushers depends pri-
marily on the type of crushing equipment, as well as
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on the physical and mechanical properties of the raw
material - for example, the material’s hardness, mois-
ture content, particle size distribution and other factors.
During unloading, the bulk material draws air down to
the bottom of the crusher’s feed hopper, creating excess
pressure. At the lowest points of the material’s fall, as
it strikes the surface with dynamic impact, there is in-
tense dust emission and air pollution, which is carried
by air currents to the workstations.

Furthermore, the process of the material’'s verti-
cal fall is also accompanied by dust emission, which
is carried into the workspace by transverse air cur-
rents. According to the findings of G. Liu et al. (2026),
the air entrained during the handling of bulk materials
is the primary factor in dust emission. The research-
ers demonstrate that during industrial processes, such
as the feeding of crushers, the velocity of air flows at
the boundary of the falling material creates turbulence
that carries dust beyond the confines of the enclosure,
and the volume of air entrained by the bulk material is
directly proportional to the drop height. On the other
hand, the operation of crushers is accompanied by the
formation of airflows inside the crusher housing, which
carry dust into the air at workstations. The mechanism
by which updrafts are formed and the amount of dust
generated are determined by the specific operating
characteristics of the crushers. In their study, A. Saram-
ak & Z. Naziemiec (2019) confirmed that the intensity
of dust emission depends not only on the hardness of
the ore but also on the aerodynamic characteristics of
the crushers. In the study by I. Petrenko et al. (2024),
researchers analysing dust sources at mining and pro-
cessing plants concluded that cone and jaw crushers
have different levels of dust emissions due to differ-
ences in the aerodynamics of their housings. During
the operation of jaw crushers, compressed air is peri-
odically expelled at a frequency equal to the number
of jaw oscillations.

In this process, dust-laden air is carried by airflows
from the crusher chamber to the feed opening and on-
wards to the work areas. The formation of upward flows
within the cavity of a cone crusher is caused by the in-
teraction of the working parts and the oscillation of the
cone within the volume of air confined by the machine’s
housing. In this case, the velocity of the updrafts inside
the crusher’s feed hopper reaches 0.5 m/s,and 0.2 m/s
during idle operation. During the loading of the cone
crusher, the flow of rock mass is further crushed upon
impact with the surface of the cone, and the result-
ing fine dust is carried by the upward air currents into
the workshop air. In their study, K. Vanka et al. (2022)
demonstrate that the most hazardous respirable dust
(up to 5 um) is released precisely at the moment of

dynamic impact of the material against the surface. Fig-
ure 1 illustrates dust emission during the unloading of
a dump truck into the feed hopper of a cone crusher.

Figure 1. Dust generation during the unloading
of a dump truck into the feed hopper of a cone crusher
Source: compiled by the authors

The highest levels of dust emission are observed
during the operation of a hammer crusher, in the hous-
ing of which an excess pressure of 20-30 N/m? builds
up. During the operation of hammer crushers, the ro-
tating rotor creates excess pressure inside the housing
and directs airflows that carry dust from the feed open-
ing into the working chamber. However, researchers
A.Saramak & Z.Naziemiec (2019) concluded that a jaw
crusher generates less fine dust per tonne of product
compared to other machines, in particular a cone crush-
er, where constant friction creates a stable dust cloud.

An analysis of current methods and means of con-
trolling dust emissions during the loading and opera-
tion of crushers allows to identify the most effective
approaches to addressing this issue. The most effective
way to localise dust emissions remains the installation
of enclosures at crusher loading points, fitted with local
extraction ducts for connection to extraction systems.
According to NPAOP 0.00-1.82-18 (2018), fitting crush-
er loading points with extraction enclosures is a man-
datory legal requirement. The geometric shape of the
enclosure must be suited to the aerodynamics of the
airflows for the relevant dust emission sources and have
an optimal internal volume. If the internal volume of the
enclosure is too large, it hinders the formation of the
necessary directed airflows and requires the extraction
of a greater volume of contaminated air. If the internal
volume of the enclosure is too small, the airflows carry
dust into the workspace, thereby reducing the efficiency
of the extraction system. To direct the flow towards the
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extraction zone, the enclosure’s outlet pipe, connected
to the extraction system’s air duct, must ensure uniform
extraction of the entire volume of dust-laden air. At the
points where the enclosure meets the process equip-
ment, a tight seal must be ensured to prevent dust from
being carried into the working area of the production
premises. The design of the enclosure should be sim-
ple, convenient during operation and/or during repairs,
and should not obstruct access to the working parts
of the crushers. Consequently, enclosing the crusher
feeding points is crucial for localising dust emissions
and reducing dust concentrations at workstations.

An analysis of dust emission sources during crush-
er feeding indicates that the main cause of air pollu-
tion is not only the crushing process itself, but also the
aerodynamics of the interaction between the material
and the air. To neutralise dust emission sources, the ex-
traction system must not only extract air but also com-
pensate for the excess pressure created by the ejective
effect. Modern science confirms that static pressure is
a key factor in ensuring a uniform flow during extrac-
tion. Thus, the static pressure method is used to design
an extraction duct with a slot. In their study, W. Nie et
al. (2024) demonstrated that standard extraction sys-
tems create areas of uneven pressure. The study con-
firms that optimising the geometry of air ducts and
equalising flow velocities reduces dust concentration by
84% by eliminating recirculation zones. In the study by
Y.Song et al. (2022), which focuses on edge and slot ex-
tractors, the authors mathematically demonstrate that
the system’s energy efficiency (energy savings of up to
96%) is achieved precisely through the precise regula-
tion of the suction opening width to compensate for the
drop in static pressure along the length of the device.

The study by Y. Gao et al. (2024) examined in detail
how a change in slot size radically alters the static pres-
sure profile. The study confirms Equation (8), indicating
that as the distance from the suction source increases,
the aperture must be geometrically adjusted to main-
tain aerodynamic performance. An analysis of current
methods for calculating aspiration systems allows the
following conclusions to be drawn in favour of the
proposed method. Studies by W. Nie et al. (2024) and
Y. Song et al. (2022) confirmed formula (7) in the con-
text that the static pressure P, is not linear along the
air duct due to friction losses A and the “attachment”
of new air masses. This makes the proposed calcula-
tion method, based on the momentum equation, signif-
icantly more accurate than simplified methods. All the
analysed models show that, for a constant slot width,
the suction velocity decreases geometrically with dis-
tance from the fan. Formula (8) for determining the
variable width 6§, at an arbitrary cross-section x is the

mathematical solution to this physical problem and an
essential tool for overcoming pressure non-uniformity.

The transition from traditional systems with a con-
stant cross-section to the proposed method for calcu-
lating the variable slot width makes it possible to over-
come the main problem of aspiration at crusher feed
points - aerodynamic non-uniformity. The achieved
accuracy in velocity stabilisation is a compelling argu-
ment in favour of the energy efficiency of the developed
system. Optimisation prevents air from being “drawn in”
at points near the fan, which, according to the work of
Y.Song et al. (2022), reduces the system’s overall energy
consumption by 15-20% whilst maintaining dust cap-
ture efficiency. Recent research in the field of industrial
extraction and aerodynamics confirms that the static
pressure method is the most appropriate for slotted air
ducts for the following reasons.

Unlike empirical methods, the use of the momen-
tum equation in projections onto the axis ensures math-
ematical accuracy and allows for the physical nature of
the air flow to be taken into account when it is drawn
in at an angle of 90° (where the velocity projection
onto the axis is zero). Equation (7) takes into account
the aerodynamic drag coefficient A and the equivalent
diameter d,. The proposed method allows the calcula-
tion of parameters for specific air duct shapes, such as
an isosceles triangle, which is a practical solution for
preventing dust accumulation inside the air duct itself
due to its sloping walls.

Justification and design of the extraction probe

for the crusher feed hopper

The efficiency of dust extraction at crusher feed points
depends entirely on the design of the enclosure, which
may not always be airtight. Taking into account the
structure of the airflows that carry dust into the air at
workstations during the unloading of loose mineral raw
materials makes it possible to propose a design for the
crusher feed hopper enclosure that effectively localises
dust emissions and ensures uniform extraction of con-
taminated air along the feed hopper.

The enclosure is designed in the form of an in-
verted trough, the sides of which are fitted with rubber
strips. The enclosure is positioned above the crusher’s
feed hopper and can be moved across it, depending on
which side the dump trucks are unloading from. The
cover’s mobility allows for effective localisation of dust
emissions when the crusher is fed alternately from dif-
ferent sides of the feed hopper, thereby resolving the
issue of “dead zones” in the extraction process. Figure 2
shows the design of the feed hopper enclosure for a
cone crusher, whilst Figure 3 shows the layout of the
crusher feed hopper enclosure (top view).
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Figure 2. Enclosure of the feed hopper of a cone crusher
Notes: 1 - enclosure body, 2 - frame, 3 - feed hopper of the cone crusher, 4 - V-shaped hood, 5 - longitudinal extraction slots, 6 - outlet
connection, 7 - flexible material skirts, 8 — dump trucks
Source: developed by the authors

longitudinal axis
of the feed hopper
2
|

N R |

1\ /1

I\ i

I\ .

[ /o

o !

| \ / | |

. £

[ !

ooy A

\ /

| \ / | 4

! \ / ! /_

| \ 7 |

| \ / |

| X0 4 | |

| A |

| A/ |

| |

| \ |

| /1N |

| 1N |

| (I |

| [ | 1

I / \ I

[ 4 X |

| / b |

[ / ) | |

[ L

i L

/ A\ 7

Iy \ M2 i

[ I vl

Iy y o

1/ \

&7 )

1/ \l 3

b P || S _[ A

l 8
8 6 J '
2
railway track railway track
axis axis

Figure 3. Layout of the feed hopper enclosure (top view)
Notes: 1 - enclosure body, 2 - frame, 3 - feed hopper of the cone crusher, 4 - V-shaped hood, 6 - outlet connection, 8 - dump trucks
Source: developed by the authors
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The enclosure of the feed hopper of the cone
crusher consists of a body 1, which has a trapezoidal
cross-section (Figure 2). The body 1 is mounted on a
frame 2, which moves on wheels in a direction perpen-
dicular to the longitudinal axis of the feed hopper 3
(Figure 3).Along both sides of the frame 2, skirts 7 made
of an elastic material (used conveyor belt) are attached
to prevent dust from being carried by air flows beyond
the enclosure of the feed hopper. The entire enclosure
structure is positioned above the feed hopper 3 be-
tween the railway tracks along which dump trucks 8 are
delivered, preventing damage to the enclosure during
material unloading. Thus, the enclosure covers part of
the top of the cone crusher feed hopper, depending on
which side the dump trucks are unloaded from. To stop
the enclosure frame at the required position, KU-121
limit switches (Volianiuk & Mishchuk, 2020) or switch-
es of another design (Dwyer Omega, n.d.) are installed.
Limit switches are safety devices that automatically stop
the enclosure when it reaches its extreme positions.

AV-shaped hood 4 with longitudinal suction slots 5 at
the mouth and in the upper parts of the side walls is locat-
ed in the cavity of the enclosure of housing 1 (Fig. 2). The
V-shaped hood ensures the extraction of contaminated air,
which is contained by the enclosure during unloading. As
extraction takes place on one side of the enclosure (Fig. 3),
the intake slots 5 have a variable width to ensure uniform
air extraction along the entire length of the V-shaped
hood 4, with the narrower width of the slots located on
the side of the outlet pipe 6, which is connected to the air
duct of the extraction system. The maximum slot width §,
will be on the opposite, closed end of the V-shaped hood
4 relative to the outlet pipe 6, where x=0. Thus, as one

approaches the inlet pipe 6, that is, as x increases to x =/,
the slit width will decrease. The slit width at cross-sec-
tion x is calculated using formula (8). The V-shaped hood
4 with longitudinal suction slots 5 acts as a suction air
duct with a cross-section in the form of an isosceles trian-
gle with base a, side b and height h, reduced to the base.

The dust removal device for receiving hoppers op-
erates as follows. Before unloading the dump car 8, the
housing 1 on the frame 2 is moved to the opposite side
of the receiving hopper 3. The material unloaded from
the dump car 8 draws air into the receiving hopper 3,
creating excess pressure in its lower part, which causes
dust to be carried into the air at the workstations. The
upward flow of dust-laden air enters the cavity of hous-
ing 1 and, through the suction slots 5 of the V-shaped
hood 4 and the outlet pipe 6, enters the aspiration sys-
tem pipework. During the unloading of material from
the dump truck 8,the aprons 7 prevent dust-contaminat-
ed air from escaping beyond the boundaries of the re-
ceiving hopper enclosure. Thus, the proposed enclosure
design localises dust emissions during the unloading of
bulk material and improves the efficiency of extraction
at the crusher feeding points by ensuring uniform ex-
traction of contaminated air along the receiving hopper.

It would be impossible to move the enclosure over
the crusher’s receiving hopper if the extraction duct were
rigidly attached to housing 1 without the possibility of
rotation. To solve this problem, a hinged connection must
be provided between housing 1, outlet pipe 6 and the
extraction duct. Figure 4 shows a diagram of the hinged
connection between the extraction duct and the housing,
whilst Figure 5 shows a diagram of the hinged connection
between the extraction duct and the housing (top view).

—

~.air duct axis

Figure 4. Schematic of the hinged connection between the extraction air duct and the enclosure body
Notes: 1 - enclosure body, 6 - outlet connection, 9 — extraction air duct

Source: developed by the authors
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direction of movement
of the upper part
of the extraction connection

direction of movement

—=x—®— of the lower part

of the extraction connection

Figure 5. Schematic of the hinged connection between the extraction air duct and the enclosure body (top view)
Notes: 1 - enclosure body, 6 - outlet connection, 9 - extraction air duct

Source: developed by the authors

To allow rotation, the outlet connection 6 consists
of at least two parts, which are connected by hinges to
each other, to the enclosure 1 and to the extraction air
duct 9 (Figures 4 and 5), thereby eliminating air ingress
from outside in extraction systems of different capaci-
ties. The three hinged connections allow the position of
the outlet connection 6 to be changed simultaneously
in two directions when the enclosure 1 is moved. As
the enclosure 1 moves, the outlet connection 6 chang-
es its position simultaneously in two directions due to
the three hinged connections (Figure 5). At the same
time, the position of the extraction air duct 9 remains
unchanged. When the enclosure 1 is moved in the op-
posite direction, the kinematics of the outlet connec-
tion 6 occur in the reverse direction. Thus, the three
hinged connections of the outlet connection prevent
air ingress during operation of the extraction system
and allow the enclosure to be moved over the crusher
feed hopper, thereby eliminating the problem of “dead
zones” in the extraction system.

A comparison of the proposed design with con-
temporary international developments shows that it is
consistent with current trends in the improvement of
local dust extraction systems. For example, a study by
B. Tian et al. (2023) established that the efficiency of
slotted extractors is largely determined by the relation-
ship between the geometric parameters of the slot and
the uniformity of extraction velocity distribution along
its length. The proposed design also utilises longitudi-
nal extraction slots; however, unlike the study cited, it
features a variable slot width along the V-shaped hood,
which ensures a more uniform air flow and more even
extraction of contaminated air along the entire length
of the intake hopper. In the study by T. Wu et al. (2023), a
dust-suppression enclosure is proposed for an open-cast

quarry crushing plant, the effectiveness of which is
achieved by creating a closed circulation flow inside the
enclosure. A common feature with the proposed design
is the use of the principle of localising dust directly in
the area where it is emitted. At the same time, the pro-
posed design is distinguished by the presence of a mo-
bile enclosure capable of moving over the feed hopper
depending on the unloading point of the dump trucks,
which eliminates “dead zones” in the suction process
and improves the efficiency of the extraction system.

Experimental studies by Q. Feng et al. (2025)
demonstrated that the efficiency of partially enclosed
extraction systems during the transfer of bulk mate-
rials depends significantly on the area, location and
extraction velocity through the ventilation openings.
In contrast to these designs, the proposed enclosure
utilises a V-shaped hood with a system of longitudinal
slits of variable width, ensuring an even distribution of
air flow throughout the entire dust emission zone. Fur-
thermore, the use of flexible aprons and a hinged air
duct connection makes it possible to simultaneously
improve the enclosure’s airtightness and maintain its
mobility. Thus, the main advantages of the proposed
design compared with known modern solutions are the
enclosure’s mobility, the elimination of “dead zones” in
the extraction process, the uniform extraction of con-
taminated air along the feed hopper due to the vari-
able-width slits, and the ability to operate effectively
during the sequential unloading of material from dif-
ferent sides of the crusher.

® Conclusions
The processes of feeding a crusher via conveyors, dump
trucks or tippers into an open hopper or receiving fun-
nel generate a huge amount of dust, which pollutes the
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air in the workplace. Mineral raw materials and bulk
materials unloaded into the crusher contain fine dust
capable of remaining suspended in the air for long pe-
riods and polluting the air. At the same time, airborne
dust levels at workplaces exceed health standards, and
most of the dust in the air contains free SiO, in the
form of quartz and has a particle size of up to 5 ym.
It has been established that fine dust (particles up to
5 pym) poses the greatest risk to workers’ health, as it is
capable of penetrating deep into the lungs and causing
occupational diseases. Inhaling dust containing silicon
dioxide is harmful to human health and can lead to per-
manent lung damage and silicosis.

The amount of contaminated air entering produc-
tion premises during the loading of crushers depends
mainly on the physical and mechanical properties of
the raw materials and the type of crushing machinery,
the operation of which is accompanied by the forma-
tion of upward air currents. The most effective solu-
tion for localising dust emissions and reducing dust
concentrations at workstations is a combination of
various methods for controlling dust emissions dur-
ing the loading of crushers, provided that the crush-
er loading areas are equipped with covers fitted with
local extractor ducts for connection to extraction
systems. A key factor in improving the efficiency of
extraction at crusher loading points is ensuring uni-
form air intake along the entire length of the loading
hopper. The method proposed in this sduty for calcu-
lating air ducts with a longitudinal slot of variable
width, based on the static pressure method, allows the
suction velocity profile to be levelled out. This mini-
mises dust escape zones and prevents energy wastage
due to excessive ventilation, ensuring high efficiency
of the extraction system regardless of the distance of
the section from the fan.

Taking into account the structure of the air flows
that carry dust into the air at workstations during

crusher loading, a design is proposed for a cover over
the crusher’s feed hopper, which effectively localises
dust emissions and improves the efficiency of dust
extraction at the crusher loading points by ensuring
uniform extraction of contaminated air along the
feed hopper. The cover is positioned above the crush-
er’s feed hopper and can be moved over it, depend-
ing on which side the dump truck is to be unloaded
from. To enable the enclosure to be moved over the
crusher feed hopper, its outlet connection consists
of at least two parts and has three hinged connec-
tions, which prevent air ingress during operation of
the extraction system and allow the enclosure to be
moved over the crusher feed hopper, thereby solving
the problem of “dead zones” in the extraction sys-
tem. In the future, it is planned to extend the scope
of research into the dynamics of air flows inside the
hood, taking into account the turbulence that aris-
es when large volumes of material fall. Investigating
the influence of the internal volume and shape of
the hood housing on the aerodynamics of updrafts
for various types of crushers, to ensure maximum ex-
traction efficiency. Identifying the optimal parame-
ters for for combining extraction with spray irrigation
or foam-generating systems for hydrophobic dust, in
order to avoid excessive wetting and a reduction in
ventilation efficiency.
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MipBuweHHsa edpekTUBHOCTI acnipauii MicLb 3aBaHTa)KeHHSA Apo6apok

@ AHoTauif. [pouecy 3aBaHTaXeHHs Apo6apok Ha NiANPUEMCTBAX ripHMY0A00yBHOT Ta NeEpepo6HOi MPOMMCIOBOCTI
CYNpPOBOAXKYHTbCS IHTEHCMBHUM BUIINEHHSAM APiOHOAMCIEPCHOrO MUY, LWO NOTipLIYE YMOBM MpaLi, MiABULLYE PU3NK
pPO3BUTKY NPOdeCinHUX 3aXBOPHOBAHb OPraHiB AMXaHHS Ta CMPUYMHSE LOAATKOBUI abpa3mMBHUI 3HOC TEXHOTOTIYHOTO
obnagHaHHg. OcobnMBOi akTyanbHOCTIi Npobnema HabyBaE B yMOBaxX 0OMEXEHOr0 BUKOPUCTAHHSA BOAHMX METOLIB
NUIOMPUrHIYEHHS Yepe3 YTBOPEHHS LUNaMy, 3Ha4Hi BUTPATU BOAM Ta CKNAJHICTb iX 3aCTOCYBaHHS B XONIO4HMI Nepiof
poky. MeToto AaHoi pob6oTn 6yno po3pobneHHs KOHCTPYKLIT YKPUTTS NPUIMManbHOT BOPOHKM Apobapku Ta HayKoBe
00OrpyHTYBaHHS MeToAy pO3paxyHKy MapaMeTpiB acnipauii ans 3abe3neyeHHs PiBHOMIPHOrO BiACMOKTYBAHHS
3abpyaHeHOro MoBiTPS B340BX YCIEi 30HM 3aBaHTaXeHHS MaTepiany. Y poboti 6yno 3actocoBaHO MaTeMaTuyHe
MOJE/IIOBAHHA AUHAMIKM NOBITPSAHMX MOTOKIB HA OCHOBI METOAY CTAaTUYHUX TUCKIB i PIBHSAHHSA KinbKoCTi pyxy. O6€kTOM
MOJeNoBaHHA OyB NOBITPSIHMIA MOTIK Yy MOB340BXHbOMY BCMOKTYBa/lbHOMY MOBITPOMPOBOAi 3i LWIIMHOK 3MiHHOI
LUMPUHW. YCTAHOBEHO, WO Ha pobouMX Micuax ApoOMAbHO-COPTYBaNbHMX (abpuk nepeBaxatoTb pecnipabenbHi
dpakuii nuny 3 po3mipamu yactok fo 10 MKM, ki CTaHOBNATb Halbinbly Hebe3neky Ans 3[0pOBS MPaLiBHUKIB.
lokasaHo, WO OAHIEW 3 MPUYMH BMHOCY NUAY 3-NiA YKPUTTS € HEPIBHOMIPHICTb LUBMAKOCTEN BCMOKTYBAaHHS
B340BX NoBiTponposofy. Po3pobneHo MateMaTuyHy MoAenb A1S BU3HAYEHHS 3MiHHOI LMPUHKU MOB3LOBXHbOI
BCMOKTYBANbHOI LWiIMHM 3aNeXHO Bif BiACTaHi OO BMTSXKHOro By3na. BcrtaHoBneHo, wo ang 3abesnedveHHs
CTabinbHOI WBKMAKOCTI BCMOKTYBAHHS LUMPMHA LWLIMHU MNOBMHHA NMOCTYNMOBO 3MEHLWYBATUCS Bif 3arnyWweHoro KiHus
MOBITPONPOBOAY A0 MiCUS MiAKNHOYEHHS BUTSXKHOI Mepexi. OTpMMaHO aHaNITUYHI 3aNeXHOCTI ANS pO3paxyHKy
reoMeTpUYHUX MapaMeTpiB MOBITPONPOBOAIB TPMKYTHOIO Nepepisy, Wo 3anobiratoTb OCiAaHHIO MUY B CEpeauHi
cucTeMK. 3anponoHOBAHO KOHCTPYKLiKD MOBINbHOro acnipauiiHOro yKputTs NpuiiManbHOi BOPOHKM Apobapku 3
NMOB3J0BXHIMU LWiIMHAMM 3MIHHOT LUMPUHU Ta LIAPHIPHUM NPUELHAHHAM A0 BUTSKHOIO NoBiTponposoay. [pakTuyHe
3HAYeHH$ OTPUMAHMX pe3ynbTaTiB NONSATAE Y JIOKANi3aLii BUAINEHHS NWUAY | 3HWMXKEHHI KOHLEHTpaLii nuay B NOBITPi
pob0oy0i 30HM 33 paxyHOK 3abe3neyeHHs PiBHOMIPHOroO BiACMOKTYBAHHS 3a0pyAHEHOro NOBITPS MO BCiM AOBXMHI
npuiManbHOi BOPOHKM ApobapKku
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