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In processing of minerals, including gold-bearing 

sand, the critically important process is disintegration 

which is to ensure complete dissociation of aggregates 

into free grains for their further separation with regard 

to physical and chemical properties [1–5]. Mining of 

high-clay sands from placers and sand transportation 

to processing sites uses different mining-and-hauling 

machines, in particular wheel scrapers equipped with 

loading aids [6, 7]. The field of research of noncon-

ventional methods is being expanded, including mineral 

processing via treatment by ultrasound or accelerated 

electron flow; electro-hydrodynamic and pulsed mag-

netic treatment (PMT); effects of ultrahigh frequen-

cies or high-power nanosecond electromagnetic pulses 

(PEMP); electrochemical, photon and electro-impulse 

treatment. Extractability of fine and very fine gold by 

centrifugal concentration is investigated in the condi-

tions of gold recovery [8, 9]. With a view to assessing 

prospects for using energy deposition in ore pretreat-

ment, it is attempted to analyze the known nonconven-

tional methods of mineral processing which are targeted 

at enhanced disintegration of fine-dispersed granular 

aggregates and extraction of micro and nano particles of 

noble metals in the further hydrometallurgy and gravity 

processes [10, 11]. 

The known technologies include gold adsorption by coal, treatment 

by chemically active substances, for instance, sodium halide and sodium 

hexametaphosphate for gold particles 0.071 mm in size, and subsequent 

hydrocycloning [12–15]. The Japanese and Chinese researchers propose 

interesting approaches to the analysis of the acoustic and hydrodynamic 

cavitation prospects. The lab-scale operation of an acoustic cavitator in 

production of metals, metal oxides, chalcogenides, metal carbides and car-

bon is discussed. However, industrial use of cavitators is complicated by 

the problems connected with scaling [16–19]. Emphasis is laid on the need 

to develop theoretical, computational and experimental methods to study 

cavitation generation mechanism for the experimental visualization of par-

ticles and flows. The universal methods of R&D, the law of scaling and the 

optimization techniques are yet to be created in this field of science [20]. 

The fields of research connected with hydrodynamic effects on dis-

persed media are being developed. The physical and mechanical model of 

processes in super cavitation machines is discussed in [21]. It is highlighted 

that in dispersion of solid elastic particles in liquids, the governing factor is 

the hydrodynamic penetration of a cumulative micro jet in a material. The 

particle disintegration efficiency depends on the invasion depth of the jet, on 

the particle size and on the exposure time. It is proposed to analyze cavita-

tion in terms of mechanical impact, without regard to the other chemical, 

thermal, electrical etc. factors. It is indicated that the design of a cavitation 

machine uses determination of the parameters of flow around working mem-

bers and the hydrodynamic characteristics including flow rate and pressure. 

In pursuance of this trend line, A. M. Balabyshko and V. F. Yudaev  

analyzed the criteria of Zhukovsky, homochromicity and Stukhal [22]. It is 

suggested to estimate cavitation with regard to the radial flow rate and 

to the translational velocity of rotor. Considering a rotary device behavior, 

the squared maximum of the critical speed and the amplitude of the critical 

impact pressure are correlated using the cavitation criterion. 

The hydrodynamics and cavitation phenomena in rotary machines are 

discussed in terms of pulsed hydrodynamic cavitation in stimulation of mass 

transfer processes [23].

The dependence of the sound pressure generated by a rotary machine 

on the radial velocity in the stator channel is presented, and the hydrody-

namic cavitation criterion is given by: 
= < >22 / ( ,)

s
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where Рs is the liquid pressure at the bubble interface, Pa; p is the density 

of the medium, kg/m3; <v> is the average liquid velocity in one channel of 

the stator, m/s:
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where Q is the volume flow rate through the machine, m3/s; Ss is the cross-

section area of a stator channel, m2; zs is the number of channels in the 

stator; w is the rotation speed of the rotor, m/s; R is the outside radius of 

the cylindrical rotor, m. The Stiles cavitation factor [24] is compared with 

the proposed hydrodynamic cavitation criterion within the framework of the 

machine under discussion. 

The models of a direct-flow hydrodynamic emitter and of a transduce with 

the axially symmetric nozzle and obstruction were studied by O. V. Sukharkov  

UDC 622.271.1:622.236.73

N. P. КHRUNINA1, Leading Researcher, Candidate of Engineering Sciences, npetx@mail.ru 
A. Yu. CHEBAN1, Leading Researcher, Associate Professor, Candidate of Engineering Sciences 

1Khabarovsk Institute of Mining, Khabarovsk Federal Research Center, Far East Branch, Russian Academy of Sciences, Khabarovsk, Russia

A THEORETICAL APPROACH  

TO DISINTEGRATION EQUIPMENT DESIGN  

FOR MINERAL RAW MATERIALS

The article discusses prospects of research aimed at the use of nonconventional methods of 
energy deposition on mineral media and hydrodynamic influence on the processes of dispersion of solid 
particles in liquids. Spotlight is on rotary machines and plants using hydrodynamic ram phenomenon. 
It is established that the theory related to cavitation lacks sufficient development to be used in engi-
neering and design of such machines. The conventional design is based on determining the geometric 
parameters of the flow of working members and hydrodynamic characteristics, including pressure and 
flow rate. The purpose of the study is to analytically determine the influence exerted by speed modes 
and volumetric flow rate of hydromixes on thermodynamic and structural changes in the system during 
destruction of mineral components at the first stage of microdisintegration in a new-type hydrodynamic 
generator. Based on process modeling, it is found that the governing part in dynamic eddy effects in the 
flow energy transformation belongs to the exposure time with regard to the thermodynamic potential of 
the system, subject to the volumetric flow rate, velocity and pressure of the hydromix jet. With an increase 
in the exposure time by two times and in the flow rate of the hydromix by five times, at the minimum 
content of the solid phase in the hydromix, the increment in the specific interphase surface of the mineral 
component reaches two orders of magnitude. The diagram of the proposed plant with a diffuser, two 
cone dividers with blades and inclined helix surfaces is considered. The advantage of such plants is a 
significant reduction in energy costs due to elimination of rotating parts. The development of theoreti-
cal, numerical and experimental methods for the study and engineering of gravity machines based on 
hydrodynamic phenomena and cavitation will make it possible to design adaptable pilot plants suitable 
for operation at mining facilities.

Keywords: high-clay sands, hydrodynamic effect, dispersion, disintegration, speed, jet pressure, 
thermodynamic potential, specific interphase surface

 
DOI: 10.17580/em.2023.02.14

© Khrunina N. P., Cheban A. Yu., 2023



PROCESSING AND COMPLEX USAGE OF MINERAL RAW  MATERIALS

67EURASIAN MINING. 2023. No. 2. pp. 66–69

[25] and by Yu. M. Dudzinskiy  and A. F. Nazarenko  [26]. The formula was 

obtained for calculating the base frequency of vibrations generated by the 

direct-flow emitter with regard to the bulk elasticity modulus of liquid [25], 

and the acoustic output was determined with regard to the sound pressure 

amplitude, the cavitation domain center–hydrophone distance, density of the 

medium and the sound velocity in the medium [26]. 

It is interesting to discuss hypotheses on erosion of materials in hydro-

dynamic and acoustic cavitation. One hypothesis tells on fatigue failure as a 

result of induced vibrations of particles under the action of periodic forces. 

The other hypothesis is connected with an incubation period of plastic defor-

mation [27]. However, these hypotheses cover machine parts made of 

steel and lead. The study of rocks should take into account the water-proof 

bonding of clay components and the stiff crystallization of minerals [28]. At 

the present day, the theory connected with rock fracture under cavitation 

effects lacks sufficient development to be used in design and engineering 

of hydrodynamic facilities [29]. In view of these circumstances, we limit 

ourselves to a theoretical discussion of destruction of mineral components 

in hydromixes under activated pulsed effect of high-velocity flow in enclosed 

test facilities. 

The aim of this research is to analyze changes in the structure of the 

solid ingredient in hydromixes for extraction of valuable mineral components 

in design of destructing members (internal envelope and reflection surfaces 

meant to modify hydrodynamic parameters of hydromix flow, including veloci-

ties, and to generate eddies and hydraulic impacts) in a new-type hydrody-

namic generator, with regard to the thermodynamics alterations, velocities 

and bulk flow rates in the system based on the analytical estimations. 

Results and discussion 

The research into dissociation of high-clay sands with the increased 

content of fine and undersize particles of valuable components address the 

physical, mechanical, physicochemical and hydrodynamic phenomena in inter-

action of hydromix with working members of equipment with adjustment of 

outflow in accordance with the preset parameters. In this case, the strength 

loss takes place under the hydrodynamic effects which initiate reduction in 

the free surface energy of a solid. The design of the new-type hydrodynamic 

generator to ensure dissociation of clay and mineral components toward 

enhanced extraction of valuable mineral fines is discussed in terms of a dia-

gram of a plant with diffusor 1 with nozzle 2 to generate high-velocity jet 

toward the flat surface of a divider (Fig. 1).

Hydromix comes to the upper flat surface 3 of the cone divider 4 with 

the stiff blades 5 for the flow destruction. Figure 1 (A view) shows the upper 

surface 3 of the cone divider 4 and the upper surface 6 of the second cone 

divider 7, which is set below along the pin 8, with the stiff blades 9. From the 

mathematical formulas (1)–(6), we determine the changes in the thermody-

namic system potential dE and in the specific particle interphase area Sip as 

functions of the hydromix flow rate Q under the action of the flow eddying at 

the first stage of the hydrodynamic generator. The developed mathematical 

model of formation of mineral fines in hydromix under hydrodynamic impact 

of jet on flat surface is described by the relation: 

( )− −= ⋅ σ1 1

0
.

edd dip ip y e dy
S S exp npd Q VS t  (1)

The initial particle interphase area is assumed to be Sip0 =1.345·105 

m–1 from the lab-scale tests on comparison of mechanical and ultrasound 

cavitation results. The generator efficiency n is adopted as 0.5. The solid 

content of hydromix is assumed to be minimal, i.e., 0.1 of solid and 0.9 of 

water. The bulk uniform density p of hydromix is 1076.3 kg/m3. The hydromix 

flow rate Q is assumed to range from 1.2 to 6 m3/h. The jet velocity V is 

found as function of the flow rate Q and the nozzle exit diameter d from the 

formula: 

= 24 / 3.14 .( )V Q d  (2) 

The nozzle exit diameter d is assumed to be 0.02 m. The eddying surface 

area Seddy at the radius of 0.1 m is:
2 23.14 0.1 0.0314 m .

eddy
S = ⋅ =   (3)

The specific surface energy σ of particles is known and equals 780·10–7 

J/cm2 = 780·10–3 J/m2. The varied input parameter of the exposure time 

t is 2 and 4 s. The product of the density p, bulk flow rate Q and velocity 

V of hydromix governs the force Р applied to mineral particles at the flow 

obstruction surface:

= ,Р pQV  (4)

and the relation of the force Р and the eddying surface area Seddy governs 

the pressure:
−= 1

eddy
W PS  (5)

The change in the thermodynamic potential of the mineral component 

depends on the eddying generated as a result of interaction between the 

flow and the surface. The eddying diameter deddy is assumed to equal 0.3 m in 

our case. Then, the thermodynamic system potential is expressed as follows: 

= .
eddy

dE Wnd dt  (6)

Figure 2 depicts the hydrodynamic potential E versus the flow rate Q of 

hydromix with regard to the theoretical formulas (2)–(6). Figure 3 presents 

the relationship between the specific particle interphase area Sip ad the flow 

rate Q from the formula (1).

The hydromix flow rate and the nozzle diameter have influence on the 

jet velocity, which activates the work energy by interacting with the flat 

surfaces of the dividers, and by generating the pressure that induces the 

change in the thermodynamic potential Е and the increase in the specific 

particle interphase area Sip.

It is calculated that after increase in the exposure time by two times 

and in the hydromix flow rate by five times, in the conditions of the minimal 

content of the solid phase in the hydromix, the specific interphase area Sip 

Fig. 1. Diagram of hydrodynamic perturbation initiation at the first 

generator stage: 

1—diffusor; 2—nozzle; 3, 6—flat dividers; 4, 7—cone dividers; 5, 9—blades of dividers; 
8—center support pin for working members 
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Fig. 2. Hydrodynamic potential 

of particle surface versus 

hydromix flow rate at exposure 

times of 2 s (1) and 4 s (2)
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Fig. 3. Specific particle interp-

hase area versus hydromix flow 

rate at exposure times of 2 s (1) 

and 4 s (2)
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of mineral particles grows notice-

ably. At the exposure time of 2 s, 

Sip changes from 1.351·105 m–1 

to 1.509·105 m–1, and at 

the exposure time of 4 s, Sip 

grows from 1.357·105 m–1 to 

1.696·105 m–1. At the maximal 

flow rate and the doubled expo-

sure time, the increase in Sip as 

compared with the initial value 

Sip0 totals 21%.

At the Placer Mining Labora-

tory at the Institute of Mining, 

Far East Branch of the Rus-

sian Academy of Sciences, the 

research was undertaken to 

study the change in the specific 

interphase area of clay particles 

in the hydromix, �Sip. The data 

were obtained using the auto-

mated granulometric express-

analysis of the disperse phase 

after soaking, mechanical impact 

(at the vibration frequency of 

80 min–1) and ultrasonic treat-

ment at the emission intensity 

of 5 W/cm2 during the time span 

from 5 to 15 min (Fig. 4). 

Dispersivity was tested on 

Laser Particle Sizer Analysette 

22. The results proved the low 

efficiency of change in the specific 

interphase area of mineral particles in the hydromix after soaking (1–2%), 

mechanical impact (4–5%) and ultrasonic treatment (12–22%).

Figure 5 shows the plot obtained after ultrasonic treatment of the min-

eral hydromix at the radiation intensity from 2 to 10 W/cm2 at the exposure 

time of 10 min. The plot used the averaged values of the test data. 

At the maximum intensity of ultrasound radiation of 10 W/cm2 and at 

the exposure time of 10 min (see fig. 5), and considering the initial value  

Sip0 = 1.345·105 m–1 in both cases, the experimental increase in the spe-

cific particle interphase area is comparable with the calculated values of Sip 

in the hydrodynamic effect of the hydromix flow at the minimal flow rate from 

1.2 to 6 m3/h during 2 s. At the time of 4 s, the increase in Sip under the 

hydrodynamic impact was 11% as against the ultrasonic treatment at the 

radiation intensity of 10 W/cm2 within 10 min. 

The comparison of the data on hydrodynamic disintegration with the 

experimental results of the ultrasonic effect on the high-clay component of 

the hydromix offers grounds for relying on promising nature of modification 

of hydrodynamic impact facilities using members of flow disintegration—

new-type hydrodynamic disintegrators. 

Proposed design 

The proposed generator design [30] includes the diffusor 1 and the cone 

dividers 2 and 3 with the blades 4 and 5 (Fig. 6). The high-speed jet comes 

from the nozzle 6 to the cone dividers successively. The cone dividers have 

the inverse tapers to the jet direction and are set in steps in the center pin 

of the hydrodynamic generator—along the direction of attack of the hydro-

mix flow in order to divide it and to amplify oscillations. 

For activating the processes, the cascade flow of the hydromix is orga-

nized; the flow interacts with the inclined helix surfaces 7 and 8 which are 

shifted along the flow direction and are equipped with the lips 9 and 10 (see 

fig. 6). The clearance of the cone dividers along the pin is set as function of 

a solid-to-liquid ratio in the hydromix in order to ensure the assigned average 

bulk density of the hydrodynamic perturbation and the wanted pressure gra-

dient with the increase of the limit strength of micro particles. Considering 

the influence of the surface energy of particles, the mineral component of 

the hydromix undergoes dynamic destruction and breakage of physical and 

mechanical bond, which means that morphometry and energy of the system 

also change. 

Such transformation phenomenon can actively be used in processing to 

initiate and intensify physicochemical effects of reagents at their reduced 

consumption. By aggregative preliminary estimates, the proposed technol-

ogy with the additional activation of dispersoid formation process provides 

efficiency 3 times higher than the known technologies of gravity extraction 

of valuable components. 

The proposed method of mineral disintegration in hydromix using hydro-

dynamic effect in confined environment aims at enhanced technological effi-

ciency, reduced input of energy and improved performance of equipment 

attendance, at rise in profitability and at higher ecological safety in mineral 

production. It is urgent to continue research in this field of science. 

Conclusions

Based on the modeling of the hydrodynamic microdisintegration of 

high-clay polymineral component in a hydromix using the proposed new-type 

hydrodynamic generator, it has been found that the governing part in the 

energy transformation of the mix flow, with the initiation of the dynamic eddy 

effect belongs to the time of exposure with regard to the thermodynamic 

potential of the system, dependent on the bulk flow rate, velocity and pres-

sure of the hydromix jet. At the exposure time increased by two times and 

at the flow rate increased by 5 times, given the minimum content of the solid 

phase in the hydromix, the resultant increment in the specific interphase 

area of mineral particles totaled 21%.

The advanced theoretical and numerical research of hydrodynamics and 

cavitation effects will make it possible to adjust designs of gravity treat-

ment plants, to improve experimentation accuracy and to engineer adapt-

able pilot plants suitable for operation at mineral mining facilities. Structural 

modification of hydrodynamic generators and addition of their designs with 

stationary destructive members is aimed at energy saving, reduction of 

losses of valuable mineral fines and at improvement of ecological safety. The 

application of the energy transformation effect in the mineral preparation 

Fig. 5. Specific particle interphase 

area versus ultrasound radiation 

intensity I up to 10 W/cm2 and 

exposure time of 10 min 

Fig. 6. Hydrodynamic generator: 

1—diffusor; 2, 3—cone dividers; 4, 5—blades; 6—nozzle; 7, 8—inclined helix surface; 
9, 10—lips 
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processes can promote activation of physicochemical influence of reagents 

and decrease their consumption. The research in this field of science needs 

further development. 
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