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Abstract. The article deals with the method of hydromechanical extraction of amber from sand deposits.

The essence of hydromechanical method of amber extraction is considered. The process of extraction has

been identified. The analytical expressions obtained for calculating the parameters of hydromechanical

extraction of amber from sand deposits, and in particular the expression for determining the rate of
emergence of an amber particle, can be used in the further engineering calculations of process parameters
and process equipment. These expressions will allow to accurately substitute and with sufficient accuracy to
calculate the parameters of the process of extracting amber from amber-containing deposits, as well as to set
the parameters of technological equipment for the implementation of this process.

1 Introduction

The essence of the above method is that the array is
saturated with water and activated by mechanical
excitation to form a continuous slurry of such density at
which there is an ejection force that raises the amber on
the surface of the deposit. Mechanical action, when
present in an array of water, causes the array to
completely lose the bond between the particles, release
the amber and reach a suspension state with a density
greater than the specific gravity of the amber, which
allows the latter to float to the surface of the field at the
expense of the field.

To implement the method, it is necessary to dip the
rods in the amber array in the form of pipes from which
water and air are supplied and on which mechanical
exciters are fixed. The array is saturated with water and
the working body is oscillated. Amber is released from
the environment and floats to the surface [1].

The process of soil liquefaction is as follows. In the
amber array vibrating method immerses rods with
biconical vibrators while simultaneously feeding water
and air into the soil array through them. The array of
vibrators is oscillated, thus forming a zone of continuous
boiling of the soil. Amber separates itself from the
massif and under the action of ejection force floats to the
surface. The suspension medium allows the vibration
device to move freely in the longitudinal direction.

The use of vibrating gear for the extraction of amber
from the fields allows achieving the extraction of amber
from the field, increasing labor productivity and
reducing energy intensity and negative man-made
environmental impact on the environment [2].

To increase production volumes while reducing cost,
the industry requires the introduction of advanced
technologies in amber production. In the absence of
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financing in this sector, investments from the state are
absent. Amber mining is an outdated method that
requires a great deal of money and time to extract and
process large amounts of soil to produce amber. Figure 1
shows a diagram of one of the largest amber fields in
Ukraine.

Fig. 1. Klesiv amber deposits.

Thus, today, amber production requires new
technologies and the development of means to intensify
the extraction process, which achieves high productivity
and efficiency, and also reduces the negative
environmental impact on the environment [3-9].

2 Methods

The northern regions of the Rivne region are
characterized mainly by the occurrence of amber in
sandy soils, characterized by water and air pores present
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between the soil skeleton. between them, the Sandy soil
moves into a mobile state when the equilibrium between
the soil skeleton and the water pores is disturbed, and the
slight influence of the hydraulic flows can cause the
mass to shift and the considerable mass of the soil to a
liquefied state. The transition of water-saturated sands to
the liquefied state causes destruction of the structure of
the sands and their compaction under the influence of
their own weight or external influences. When the sand
is thinned, the bearing capacity is lost completely or
partially, and the fluid state arises as a result of the
destruction of the structure and displacement of the sand
particles relative to each other, which is accompanied by
the formation of a denser particle arrangement and a
decrease in porosity.

The liquefaction phenomenon occurs when the
structure and possibility of sand compaction are
destroyed; full or close to full saturation of sand with
water.

In the course of research, the amber sand deposit at
the initial stage enters the state of vacuum, and in the
subsequent there is its compaction. The duration of water
saturated sands in the rarefied state is much shorter than
the time of soil compaction. In our opinion, and based on
the results of the analysis of literature sources, the
compaction process is more investigated than the
liquefaction process, so experimental studies of the
liquefaction process, the flow of the process of reaching
the surface of amber and the time of transition of sandy
soil to the compacted state require additional research. In
order to create the necessary conditions to reach the
surface of the amber, it is necessary to investigate the
parameters of vibrational impact and the use of water
and air when exposed to a sandy field.

In conducting experimental studies, we studied the
environment of amber, while simulating the boiling
process and conducted research on the factors and
parameters that affect the creation of the suspension
environment.

Studies have shown that the liquefaction structure
destroys the sandy amber medium. The sand particles,
within the vibration range, are separated from the total
array and are brought into oscillatory motion near their
equilibrium position and are also moved along some
trajectory relative to the vibration source. At the same
time there is an intensive movement of gas and water,
which take with them sand particles and amber and
throw them on the surface. Since the surface of the
amber significantly exceeds the area of the particles,
under the action of Archimedes force pieces of amber
are pushed to the surface.

The following stages of transformation are observed
during the vibrational action on a sandy soil mass [2]:

- vibration dilution (maximum preparation for intensive
mixing);

- vibration boiling (separation of particles and mixing in
the array);

- gradual compaction of the sandy soil mass from the
periphery to the vibration source.

The effect of the thinning of the layer is similar to the
phenomenon of vibration linearization of dry friction,
that is, in the presence of vibration to transfer a particle

of relative motion in the environment requires less
constant force than in its absence. As the effective
coefficient of friction decreases in the vibration state, the
particles slip away relative to one another. The spreading
layer is compacted.

From studies [4-8] it is known that the movement of
sand in a vibrating fluid bed is not subject to the law of
motion of particles in airless space. In addition to
gravity, the trajectory of movement of the sand layer is
significantly influenced by the parameters of the
environment. Throwing produces a rarefaction, while
falling - increasing the pressure of the environment. The
lower layers of sandy soil have a greater pressure drop
than the upper ones, so the air is displaced from below
and seals between the particles.

In this way, the vibrating fluidized bed of sandy soil
behaves like a pump that pumps a gas-liquid mixture to
the surface, taking particles of amber and transporting
them to the top. In this case, the rate of rise of the
particle from bottom to top depends on the vibrational
excitation of the array, the dilution of the medium,
saturation with air bubbles and the viscosity of the
medium.

The pressure drop depends on the frequency and
amplitude of the oscillator, the height of the layer, the
particle size and humidity of the sandy soil, as well as
the coefficient of friction of the particles one by one. The
intensity of the pumping action of the vibrating boiling
layer is characterized by three parameters: pressure
above and rarefaction under the vibrating boiling layer,
pressure drop in the layer.

The following parameters influence the creation of a
vibrating fluid layer of soil: 1) oscillation amplitude;
2) oscillation frequency; 3) compelling force; 4) water
pressure; 5) air pressure; 6) geometric arrangement of
the oscillators.

To a large extent, these
experimentally determined.

Submission into the sand mass of air together with
water can intensify the process of lifting the amber to
maximum values, but when the air trunks are formed, the
boiling process goes into vibration and stops. The
maximum rate of flow of amber to the day surface is
observed when changing the flow of gas-liquid mixture
in the sand array in the range 0 to 0,02 m3/h.

Creating the desired density of the medium depends
on the flow of gas-liquid mixture into the array.

Figure 2 shows the results of experimental studies of
the simultaneous influence of the oscillation frequency
of the working body and the magnitude of the air flow
into the sand array, which demonstrate the explicit
manifestation of two peak areas of maximum amber flow
velocities [10].

On the basis of the obtained experimental
dependence, we have the following ranges of values of
the oscillation frequency of the working body and the
magnitude of the air flow into the amber-containing
array: the oscillation frequency of the working body 28-
34 Hz; the magnitude of the air flow into the array
0,003-0,006 m3/h, with the speed of lifting amber is the
highest and is 0,09-0,12 m/s [10].

parameters  are
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Fig. 2. Dependence of the amber rise rate on the frequency of
oscillation and the supply of air to the water-saturated array.

3 Results and discussion

3.1 Analysis of models of motion of an amber
particle under hydromechanical action

The movement of amber in a sandy massif is
characterized by movement with resistance to the type of
dry friction. The movement of a particle placed in a
medium that performs horizontal oscillations with
frequency and radius of the trajectory and produces a
particle resistance similar to dry friction. The
corresponding  problem  was  considered by
V. V. Gortinsky, G. E. Ptushkin and I. I. Blechmann
[11]. Here are the main results of the solution and their
discussion in terms of hydromechanical amber
production. These authors have considered the following
system of differential equations of motion of a particle
with respect to the medium to determine the rate of
emergence of amber

m=my(A=1)rf? cos ft — F, ———, (1)
e
m i =m,(A=1)rf?cos fi - F,——2—e, (2
X4y 4z
. z
mlz:mO(A—l)g—Fvﬁ, 3)
X4y 4z
A=plp,, “)

B+ 422 £0. (5)

where F, — the force of resistance to the relative
displacement of the particle in the vertical direction, N;
m; — the mass of the particle taking into account the
attached mass of the medium, kg;

mo — mass of the medium in volume equal to the volume
of the particle, kg;

X,y,z — projections on the axis of the rectangular

coordinate system XYZ of the relative velocity of the
particle in the medium, m.

This allowed them to propose the following
dependence for determining the rate of emergence of
amber [12]:

v=a—21, (6)
F km
)
gm
Af, A'f<kg
— , 7
T prskg @)
S
a=p-1, (®)
p=Pe 9)
P,

where v — the rate of emergence of the amber particles,
m/s;

m — weight of amber particles, kg;

a — the Archimedes parameter for the amber particle;

g — free fall acceleration, m/s?;

kn — the coefficient of the coupled mass;

f— frequency of oscillation of the working body, Hz;

F — the force of resistance of the sand layer relative to
the motion of the amber particle [12];

ps — density of amber particles, kg/m?;

pe— density of water-sandy environment, kg/m?>;

A — oscillation amplitude of the working body, m;

k — coefficient of friction.

Formula (6) is obtained for the case of particle
flooding of lower density in the layer of particles of
heavier material when the oscillation of the working
body in the plane of the surrounding medium [13-17]. In
this case, the authors assume that apart from the forces
of inertia, Archimedes, and gravity, only the forces of
resistance to relative motion are active, and the trajectory
of motion of the particle is a spiral.

However, there are no recommendations for
determining the magnitude of the force for the conditions
under consideration. Given the dimension and nature of
this magnitude, as well as the fact that it characterizes
the interaction between the amber particle and the soil
skeletal particles, the following option is proposed to
determine the magnitude of this force

L _4(1+a), (10)
gm
where ¢ — the drag coefficient of the sand medium of
the amber particle motion [18].
Substituting the dependence (10) into formula (6),
the following expression is obtained for the rate of
emergence of an amber particle:

2
k,v _ a

a g152(1+a)2—a2 '

(11)

The obtained formula (11) takes into account the
influence of the difference in the density of the soil
particles and the extracted material, as well as the
amplitude and frequency of oscillation of the working
body. The effect of the air supply is only taken into
account by changing the density of the amber-containing
medium.
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To determine the magnitude of the coefficient ¢ we

will use the results of experimental studies by well-
known authors on the emergence of amber particles in
laboratory and field conditions [19-29]. In this case,
expression (11) will have a more convenient definition

for ¢:
0= /1+i(1—ps) (12)
kv p.

From the received data it is visible that for the whole
interval of the studied values at calculations with
engineering accuracy it is possible to use the average
value of the coefficient ¢ equal to

¢ =0,325. (13)

It follows from formulas (6) - (13) that in
hydromechanical extraction of amber from sand
deposits, the ratio of the force that impedes the
movement of the particle in the bulk medium to the
volume of the particle, the density of the medium and the
acceleration of free fall is equal to 0,325.

The results of the study of expression (11) on the
extreme indicate that this function has a maximum at a
point:

a,, =3¢—2{1+ 1+§1_2¢2 } (14)
21-¢ 9 ¢

the coordinate of which at ¢ =0,3251s a_, =0,6946.

Thus, it is necessary to consider the motion of the
amber particle in the vertical direction, taking into
account Archimedes force, vibrations of the working
body, as well as the forces of relative resistance of the
medium and viscous friction [30-36]. In this case, given
the results already obtained and the assumption that the
positive direction of the coordinate axis is directed
vertically upwards, the equation of motion of the floating
particles can be written as follows:

d’z .
(1+km)mW=m0ga+moSf2 sin fi—F—F., (15)
rd’
m= ) 16
e (16)
my=2em, (17)
Ps
F=¢mga, (18)
Vv d?
EF=Cp — , 19
c Xpl 2 4 ( )
where z — moving particles of amber, m;
t —time, s;

mo — weight of amber-containing sand in the volume of
amber particles, kg;

S — the oscillation amplitude of the working body, m;

F. — the force of viscous friction of an amber particle
when moving through a liquefied medium, N;

d — diameter of amber particles, m;

C, — force coefficient of viscous resistance.

Taking into account recommendations [37-49], we
assume that the Stokes regime of the flow of amber
particles when moving through a liquefied fluidized
medium, for which according to [29] the dependence of
the coefficient of viscous drag force on the Reynolds
number can be distinguished as follows:

26
C =—, 20
e (20)
Re, =24 @)
1%

c

where Re. — Reynolds number characterizing the process
of interaction of the amber particle with the liquefied
medium,;
v, — kinematic viscosity of the liquefied medium.
Substituting formulas (16) - (21) into equation (15)
and having the corresponding transformations, we obtain
the following equation of motion of an amber particle
through a liquefied medium

2 —_—
d—€+f02£:A0p—1+Asinar, (22)
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where o — the viscosity ratio of the liquefied medium

[10];
p — the relative density of the liquefied medium;
v, — kinematic coefficient of air viscosity.

The solution of equation (22) is investigated and
reported in the specialized literature, and it is proved that
the periodic term, when averaging, makes no significant
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contribution compared to the stationary component [15].
Thus, the amber medium can be considered as a
liquefied layer when the hydromechanical action disrupts
the contact between the amber particles and the particles
of the array, between the particles of the amber-
containing array, but does not directly affect the
movement of the amber particles. The effect is to
increase the mobility of the particles and the porosity of
the array, to reduce the friction between the particles, as
well as to obtain an array of viscosities similar to the
kinematic viscosity of a liquid substance [29]. That is,
the hydromechanical effect creates favorable conditions
for the work of Archimedes force, which ensures that the
particles of amber float to the surface.

In this case, the equation of motion of the amber
particle with hydromechanical action on the amber-
containing layer takes the following form

21-1) g p-1
39 ov, p '

(32)

Given the ratio of the density of the flooded soil to
the air, the relative density of the liquefied medium can
be determined by the following formula:

p=(1-¢)A, (33)
A=Po (34)
p.)'

where ¢ — the porosity of the liquefied medium;
A — the ratio of the particle densities of the water-
saturated soil to the soil and amber.

The results of experimental studies on the
measurement of the density of a layer of water-saturated
soil  containing  particles of amber  under
hydromechanical exposure with and without air supply
show that the porosity of the medium under the
considered influence on the soil mass with engineering
accuracy can be determined.

At the same time, formulas (32) - (34) should
describe the dependence of the flow rate of the amber
particles on the air flow, with a characteristic maximum
in the neighborhood of ¢ = 0,015 m’h. Substituting
expression (33) into formula (32), it is easy to obtain an
expression for the first derivative of g:

dv  B+2aq2(1-f) gd*

= : 35
dg  (1-¢) 3940 fo v, 33)

It can be seen from formula (35) that the dependence
(32) on the variable g is decreasing over the entire
interval and has no extremes. This means that in order to
adequately describe the processes under consideration, it
is necessary to take into account the change in not only
the density but also the effective viscosity of the
liquefied medium. Similar processes are realized in the
processing of bulk material in vibrating, boiling and
pulsating fluidized layers [12-24]. The results of the
analysis of known mathematical models describing
hydrodynamic processes in such layers with steady or
pulsed air supply suggest two types of formulas for

calculating the dynamic viscosity coefficient of the
liquid medium under consideration [29].

The first group of formulas, to which Einstein's
dependencies [15], Vakhrushev, Gupalo, Kunitz, and
Todesa [29] include, depend on the degree of porosity
without taking into account the influence of other
factors:

o= (36)
&

However, the authors do not indicate what
determines the values of the coefficients in formula (36),
how to choose them, and how to consider other factors,
such as the volume air flow, the size and density of soil
particles. The formulas of the second group [15] take
these factors more fully into account, which complicates
the calculated dependencies and requires their adaptation
to the conditions of use.

The maximum effect of these parameters is taken
into account in determining the dynamic viscosity of the
liquefied medium by the following method [29]:

1,207 ¢2,207 0,707

u=0, 7282% Py 1-¢,  (37)
(Vg _VO)
0,1
v
Vo —_& & s (38)
4,9\ p,

where x4 — the dynamic viscosity of the liquefied
medium,;

0 — diameter of particles of soil skeleton containing
amber, m;

pe — air density, kg/m?;

po — density of water saturated amber medium, kg/m?;

Ve — air speed, m/s;

vo — the sliding velocity of particles of amber-containing
medium, m/s.

Substituting expression (37) into formula (38),
moving from a dynamic coefficient of viscosity to a
kinematic coefficient of viscosity, conducting the
corresponding  transformations and transition to
dimensionless quantities, taking into account formula
(34), after approximating the dependence of the
coefficient of proportionality on the ratio of the density
ratio and air by a power function, we obtain the
following expression for calculating the magnitude o:

Gm1,207
U:k‘/W\II—S, (39)
pRe;
g
0,593
k, =0,6898A% [/’;—] , (40)
Re =0 41
eg - bl ( )
Vg
53
Gm = gv—z, (42)
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where Re, — Reynolds number characterizing the process
of interaction of the particles of the liquefied medium
with the incoming air;

Gm — dimensionless complex.

The Reynolds number characterizing the process of
formula (44) includes the characteristic air velocity, for
which it is recommended to use the following
dependences when considering the processes occurring
in the layer [15]:

G=v,Fz,, (43)
]
&, =126 [lj , (44)
Vi
0=0,08+4-10"a,Gm, (45)
a, = M’ (46)
Pg

where ¢ — volume flow rate of air supplied to the soil,
m’/s;

F, — the characteristic area on which the air from the
nozzle head liquefies the soil layer, m?;

&, — effective porosity of the soil layer;

ex — effective porosity of the soil layer at the initial
moment of liquefaction;

v« — air velocity, providing the beginning of liquefaction,
m/s;

6 — exponent;

ao — the Archimedes parameter for an amber-containing
soil particle in the air supply.

The results of the calculations performed by the
formula (45) show that the values of the density and
particle size of the skeleton of the sandy-clay mixture
under study, without losing the accuracy of the value of
the exponent 6 can be considered equal 0,08.

Based on this, using the results of experimental
studies on the measurement of the density of the soil
layer  containing  particles of amber under
hydromechanical action with and without air supply, the
dependence (44) can be rewritten as follows:

N\0.08

£ =, (%} , (47)
90

where ¢, — characteristic air supply, g, =0,000217 .

To estimate the characteristic area on which the air
from the nozzle head liquefies the soil layer, we will use
recommendations for choosing the geometric parameters
of the probe used for direct impact on the soil, in
particular, the estimate of the distance between adjacent
rods [10, 15, 24, 29]. Assuming that the air exiting the
nozzle liquefies the soil to a volume limited by two axial
cylinders. The outer cylinder radius is equal to this value
and the inner cylinder radius is equal to the radius of the
bar. In this case, the value F, can be determined from the
following formula [15]:

d
F, =mig¢ [h—r-k tg¢J n,, (48)

dd

where ¢ — the taper angle of the nozzle through which

air is supplied;

dr — the diameter of the bar on which the attachment is

attached, m;

haa — length of the conical part of the working body, m.
Substituting formulas (44) - (48) into expression

(43), after performing all the transformations taking into

account (39) - (43), we obtain the following
dependencies for determining the value o:

o=k plz_lf , (49)

0,593 1,414
kU _ K(p_gJ Gm0,735A0,407 gw , (50)

p. 1,45

i/gThz 1,414
K==, (51)

1,374,

z= qi , (52)

where K — dimensionless technological constant;
z — dimensionless air flow.

Thus, a joint consideration of formulas (32) - (34),
(10), (11) and (49) - (52) gives us the following
dependencies for determining the rate of emergence of
an amber particle under hydromechanical action on a
water-sandy massif:

w (1—8)A—1 13

Re = A0,407€1,414 1_ £ z” > (53)
Re=2 (54)
Vg
| ST
YT :1;{[{ {&J gj Gm"**,  (55)
, P,

where Re — Reynolds number, which characterizes the
process of the emergence of amber particles through a
vibrating pneumatic fluid medium.

It is convenient to rewrite the right part of expression
(53) in the following form, bringing the two terms in the
numerator and denominator to the same form

e o
A-1
= W2 Y AA0T SLA14 (57)

Given that the value of soil porosity in
hydromechanical impact is subject to the following
restriction from above

e<l, (59)
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then, based on the rules of representation of functions of
this kind in power series, the dependence (56) can be
rewritten as follows (Fig. 3): then, based on the rules of
representation of functions of this kind in power series,
the dependence (56) can be rewritten as follows (Fig. 3):

U :<1—[;/+,Bz+azz]gw)m z, (60)

Re
U=—, 61
W (61)

1A+1

=—— 62
2A-1 62)
u 0.004 ——=15Hz
—W-f=40Hz

0,0035 P/ﬂ—o\\\
0,003 —A—f=50Hz
—-— P/ \@ ——f=52Hz
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\

b =0—f=60 Hz
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Fig. 3. Dependency graphs U from dimensionless air flow at
different oscillations of the working body.

From Fig. 3 it is seen that the obtained dependence of
the dimensionless velocity of the particles of amber on
the dimensionless flow rate (60) has a maximum in the
range of values of air flow close to the experimentally
obtained value, in the vicinity ¢ = 0,015 m%h, which
depends on the frequency of oscillation of the working
body, similar to the results obtained in laboratory and
field experiments [29].

Comparison of the results of the formulas (60) made
for the frequency of 30 Hz with the results of
experimental laboratory studies shows a satisfactory
coincidence of the results of the calculations and
experiments in the area ¢ = 0,015 m’h (Figs. 4, 5).
Thus, in the volume flow rate range from 0,014 to
0,025 m*/h, the relative error of calculations does not
exceed 10%.

v, misec 0,045

0,04 4 calculated
0,035 .4._}._‘—l experiment
0,03 T ‘
0,025 +
0,02
0,015 m
0,01 *
0,005 L 2
0 ! ! j g, m3/hr
0 0,01 0,02 0,03 0,04

Fig. 4. Dependence of the amber particle floating rate on the
air volume supplied at a 30 Hz oscillator.

0,046 calc

0,041

”/
0,036 / *,
0,031

0,026 / L 2
0,021
0,016

0,016 0,021 0,026 0,031 0,036 0,041 0,046
fact

Fig. 5. Comparison of the results of calculations and
experiments at the oscillation frequency of the working body of
30 Hz (error of calculations does not exceed 10%).

3.2 Determination of the rational parameters of
the process of hydromechanical extraction of
amber from sand deposits

The study of the dependence (60) on the extreme, by
approximating the first derivative in magnitude to zero,
indicates the existence of a maximum of the function
under study at the following value of dimensionless air
flow:

z =JA2 (ﬂj IS 4P 6y
20

2a g,a
_13A-038 ’ (64)
2,3A-0,3
1,3(A-1)
B=_————, (65)
2,3A-0,3

where zmax is the value of dimensionless air flow at
which the maximum velocity of the particles of amber is
realized.

Substituting expression (63) into formula (60) and
performing the corresponding transformations and
erections of such terms, we obtain the following
dependence for determining the maximum rate of
emergence of amber particles under hydromechanical
action on the water-sandy massif:

Re, .. =W, (zw — 2 )m z (66)

max ?

1-
- = ve, A+1 ’ (67)
e, B A+0,5

W, = A—l( A+0,5 Jm m—1,414

WA0,407 2 3A_O 3 8&) ﬁm . (68)

Comparison of the results of formulas (63) and (66)
performed for the frequency of 30 Hz with the results of
experimental laboratory studies shows sufficient
accuracy for engineering calculations and: relative error
for air flow does not exceed 11,3% (calculation — 0,0133
and fact — 0,015 m’/year); and for the maximum velocity
of the particles of amber is 32,5% (the calculation is
0,053 and the fact is 0,04 m/s). The high error in
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determining the maximum floating velocity can be
explained by the significant dependence of this value on
the particle size of the amber and the skeleton of the
water-saturated  soil, which varied during the
experimental studies at fairly wide intervals.

Comparison of the results of the -calculations
according to formula (63) with the results of other
authors [2-9, 15, 17-29] (Figs. 6, 7) confirms the
reliability of the proposed dependence obtained for
laboratory studies at a frequency of 30 Hz (Fig. 8, 9).

q, m3he 0011
* & calculated
0,0105 L )
B experimental
0,01
0,0095 * n
’.
0,009
0,0085
[ |
0,008 T T 1 f,Hz
20 25 30 35

Fig. 6. The dependence of the air flow rate, which provides the
maximum flow rate of the amber particles obtained by
calculation (63) and according to experiments, from the
frequency of oscillation of the working body.
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Fig. 7. The dependence of the maximum rate of emergence of
amber particles obtained by calculation (63) and according to
experiments, on the frequency of oscillation of the working
body.
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Fig. 8. Comparison of the results of the calculations by (63)
and the experiments to determine the air flow rate, which
provides the maximum velocity of amber particles (relative
error does not exceed 11,3%).
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Fig. 9. Comparison of the results of the calculations for (63)
and experiments to determine the maximum rate of emergence
of amber particles.

The results of the numerical analysis of the terms on
the right-hand side of formula (63) indicate that it is
possible to use for engineering calculations the air flow
rate, which provides the maximum velocity of the
particles of amber, the following simplified dependence:

0,281
z_=0,008 A

max N
V gm

Joint consideration of formulas (66) - (69), with
preliminary approximation of complexes depending on
the value A degree functions, allows you to propose the
following simplified dependence for engineering
calculations of the maximum velocity of the particles of
amber floating:

(69)

W}/m A],SG

Conclusions

Studies have shown that the maximum possible rate of
emergence of amber in hydromechanical extraction of
sand deposits is directly proportional to the square of the
diameter of the particles of amber and the medium, and
inversely proportional to the square of the porosity of the
soil, which arises from the oscillation of the working
organ 20 to 35 Hz without air supply, and its dependence
on the density ratio of the soil particles and the material
extracted is described by a power function with a
positive fractional index of 1,86.

The analytical results obtained confirm the
experimental data quite accurately, which allows us to
use them in the future for engineering calculations. The
obtained expressions will allow with sufficient accuracy
to calculate the parameters of the process of extracting
amber from amber-containing deposits, as well as to set
the parameters of technological equipment for the
implementation of this process.
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