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Vibro-pressing equipment its one from most effective kinds of machines for dehydration of damp
dispersive wastes of food industry (alcoholic bard, beer pellets, beet press, coffee and barley slime) for their
further using as valuable additives to agricultural fodders or as fuel. In comparison with other equipment for
mechanical dehydration (hydraulic, belt and screw presses, centrifuges) vibro-presses with hydraulic pulse,
unbalanced or electromagnetic drive provide the same or higher productivity (20 ~ 25 ¢ / h) and energy
efficiency (2,7 + 3,2 kW / t) under lower final humidity of processed wastes (20 +~ 25% against 70 — 76% - in
case of realization of other mechanical methods). The last advantage allows do not conduct an additional
drying of the wastes and that provides significant decrease of general power consuming of the working process.
For provision of high efficiency parameters of the vibro-blowing dehydration there is need to provide optimal
values of working and design parameters of the equipment for their realization. There are several approaches
for research of the vibro-press equipment. The approaches that realized with help of differential equations of
Movement of the machine’s executive elements or differential equations of balances their energy provide high
accuracy of calculations but because of complexity of these equations they are unsuitable for creation of a
method of engineering design calculation of the machines. In the article are proposed algebraic equations and
formulas for definition of optimal parameters of the vibro-pressing equipment for dehydration of damp
dispersive wastes of food industry for realization of given parameters of efficiency and with consideration of
initial and final physical-mechanical characteristics of the processed waste. There are conducted calculated
diagrams of these parameters.

Key words: dehydration, vibro-press, damp dispersive waste, optimal working and design parameters,
productivity, energy efficiency, final humidity.

F. 18. Fig. 4. Ref. 13.

1. Problem formulation

An actual problem of enterprises of processing and food industry is utilization of damp dispersive wastes
of these productions (alcoholic bard, beer pellets, beet press, coffee and barley slime) for their further using as
valuable additives to agricultural fodders or as fuel. Modern enterprises of the food industry use several main
technologies of utilization of these wastes [1]. The first group of the technologies is realized on basis of biological
methods of utilization — processing of the waste into nutrient yeast, biogas or realizing of proteins coagulation
[1]. These processes demand of significant capital outlays for creation of bulky and expensive installations
(actually there are multi-corpse technological complexes with quite low specific productivity that demand of
additional significant costs of electric energy, water, steam, chemical reagents, organic fuels). Actually, creation
and introduction of such complexes can afford only large and powerful enterprises. The second group of the
known dehydration technologies is fulfilled on basis of mechanical dehydration methods — pressing and
centrifugation, that do not provide low enough humidity of the processed wastes and this leads to necessity of
conducting of their additional thermal dehydration with help of power-hungry machines (energy cost in case of
using of most effective vacuum drier is 740 — 760 kKW h / t dehydrated liquid [1]).

By results of calculations and experiments a vibro-pressing equipment is one from most effective kinds
of the machines for dehydration of damp dispersive wastes of food industry. In comparison with other equipment
for mechanical dehydration (static hydraulic presses, belt and screw presses, decunter centrifuges) vibro-presses
with hydraulic pulse, unbalanced or electromagnetic drive provide the same or higher productivity (20 + 25 t of
dehydrated waste / h) and energy efficiency (2,7 + 3,2 kW / t) under significantly lower final humidity of
processed wastes (20 + 25% against 70 — 76% in case of realization of other mechanical dehydration methods).
The last advantage allows do not conduct of an additional drying of the wastes in most technologies of processing
and that provides significant decrease of general power consuming for the working process.

For provision of high efficiency parameters of the vibro-blowing dehydration there is need to select
optimal values of working and design parameters of the equipment for its realization with consideration of
physical-mechanical characteristics of the processed material. This actual task can be resolved on basis of
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results of mathematic modelling of the processes and equipment for the vibro-blowing dehydration of damp
dispersive wastes of the food industry.

2. Analysis of last researches and publications

There are several approaches for research of the vibro-press equipment. An approach that is based on
drawing up of differential equations of movement of executive elements of the equipment, presented in the works
[2, 3]. There are examined machines for vibro-blowing formation of blanks from metallic and non-metallic powder
materials. The materials by physical and structural-mechanical properties [4] are simpler than the damp dispersive
wastes of the food industry [1]. The machines are researched with using of some well founded admissions and
nonlinear differential equations that can be resolved with help of numeral methods and computers. Methods of
design calculation of the machines, the created on the base of these equations for definition of their optimal working
and constructive parameters are quite complex and can’t be used in course of previous stages of projection for
evaluation of efficiency of possible variants of the equipment and selection of a most rational variant.

In the work [1] is realized one more approach, based on the use of differential equations of energy balances
of executive elements of a vibro-pressing equipment for dehydration of damp dispersive wastes of food industry.
The approach allows to take into consideration all factors and parameters that determine course of the working
process, in particular physical and structural-mechanical properties of the processed material. Because of significant
complexity of a mechanism of the vibro-blowing dehydration and design of the equipment for its realization the
research of the working process is conducted separately for each phase of the processed material and for each stage
of the vibro-blowing loading. As a result there were received differential equations of energy balances providing
high accuracy of calculations, but because of complexity of these equations they are unsuitable for creation of the
method of engineering design calculation of the vibro-blowing dehydration machines.

Results of experimental researches of a combined method of dehydration with using of internal sources
of heat in conditions of electric heating in comparison with known methods of thermal dehydration are presented
in the work [5]. One more work [6] connected with experimental researches of efficiency indicators for improved
belt and tunnel dryers. But there are absent methods of design calculation of the presented equipment.

The work [7] contains data about conducted experimental and theoretical researches of a filtration
drying of grinded sunflower stocks. The author has presented equations and formulas for definitions of
coefficients of heat- and mass-emission, dependencies for determination of optimal temperature and duration
of heating, other kinetic parameters of researched process, but a method of design calculation of the equipment
for its fulfilment is absent in the work.

In the work [8] are presented results of experimental and theoretical studies of thermal dehydration of
damp dispersive materials with using of a shelved dryer. There are conducted equations and dependencies for
definition of kinetic and dynamic parameters of the working process, but they can’t be used as a base for
elaboration of a method of design calculation of the corresponding drying equipment.

3. Aim of the researches

The aim of this work is elaboration algebraic equations and formulas for definition of optimal design
and working parameters of the vibro-pressing equipment for dehydration of damp dispersive wastes of food
industry for realization of given efficiency parameters (dehydration productivity, power consuming, final
humidity of the processed material). These equations and formulas will allow to receipt diagrams of
dependencies of characteristics of dehydration efficiency from parameters of the equipment and to determine
optimal regimes of vibro-blowing loading of the processed material.

4, Results of the researches

Figure 1 presents a scheme of high effective installation for vibro-blowing dehydration of dispersive
wastes of food productions that can be equipped with hydraulic pulse, electromagnetic or unbalanced drive.

For realization of dehydration of the portion of waste there is need with using of four hydraulic
cylinders 3 to raise cross-arm 2 with inertia loads 31, tubes 4, punch 5 and displacers 17 (see the cross-section
A—Ainthefig. 1) in the upper position. The portion of waste that should been dehydrated with initial humidity
90 — 95% is fed from the tank 1 through the open slide valve 9 and over the chute 10 in the press-form 11.
After its filling the slide-valve 9 is closed and feeding of waste in the press-form is stopped. A hydraulic drive
of the cylinders 3 (the drive is not presented in the scheme) is turned over in a regime of feeding of working
liquid in rod ends of the cylinders 3 under nominal pressure. As a result, the pistons of the cylinders together
with cross-arm 2, tubes 4, punch 5 and displacers 17 make stroke downwards. In course of this stroke the
displacers 17 provide static loading and compression of the portion of waste in the press-form 11. Removed
from the portion liquid phase flows out through the openings 26, 27 in the walls of the press-form and in the
bottom 24 (see element | in the figure 1), that covered from inside by the filtering net (the net is not shown in
the scheme). Solid particles of the portion are detained by the net. Other part of the removed liquid goes out
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through the little reach-through openings in the displacers 17, closed from outside by a filtering net (the openings
and the net are not presented in the scheme). Removed liquid accumulates in channels 21, 22 and in displacers 17.
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Fig. .1. Scheme of high effective installation for vibro-blowing dehydration of dispersive wastes of food
productions:
1 —tank; 2 — cross-arm; 3, 16, 30 — hydraulic cylinders; 4 — tubes; 5 — punch; 6, 7 — flexible hoses;
8 — vacuum pump; 9 — slide valve; 10 — chute; 11 — press-form; 12 — rods; 13 — springs; 14 — supports;
15 — belt conveyer; 17 — displacers; 18 — pin; 19 — rod; 20 — frame; 21, 22 — channels; 23 — unbalanced
vibro-exciter; 24 — movable bottom; 25 — electromagnetic vibro-exciter; 26, 27 — openings; 28 — vibro-
supports; 29 — link; 31 — inertia loads

From there its pumped out with help of flexible hoses 6, 7 and compressor 8. For intensification of the
loading of the portion of waste in the press-form 11 there is turned on a main hydraulic pulse drive of the
installation with a generator impulses of pressure “at the exit” [2] (the drive is not shown in the scheme). As a
result, pressure of working liquid in cavities of the four hydraulic cylinders 16 (see the cross-section C — C in
the fig. 1) changes periodically from minimal value p, to maximal value p: [2]. The plungers of the cylinders
16 and connected with them elements (press-form 11 with the portion of waste, punch 5 with displacers 17,
tubes 4, cross-arm 2, inertia loads 31, rods and pins of the hydraulic cylinders 3) make periodical reciprocal
movements with frequency up to 150 Hz and with amplitude up to 4 mm [2, 3]. In course of a stage of the
pressure increase the plungers of the cylinders 16 and other movable elements make a working stroke upwards
with creation of additional inertia loading of the waste in the press-form from displacers 17 and punch 5. The
working stroke is accompanied by movement of the four rods 12 (see the cross-section C — C in the fig. 1) and
compression of the springs 13. In course of a stage of decrease of pressure in the cavities of cylinders 16 from
p: to p2 their plungers with other movable elements (see above), including the portion of processing waste
make an idle stroke, returning in the initial lower position. The idle stroke is realized under impact of
gravitation of the movable elements and elasticity force of the compressed springs 13. The stroke is
characterized by unloading of the portion of waste in the press-form from vertical inertia force, even
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overdistribution of solid particles of the portion in the press-form volume with mutual relative turns, sliding
and movements in positions of more stable balance [1]. All this quite important for further cycle vibro-blowing
loading in course of the next raise of the press-form in the upper position and for more effective removal of
liquid from areas between of the solid particles.

Conducted experiments and calculations [1, 9, 10, 11] have demonstrated, that such loading provides
high productivity of the working process (for dehydration of alcoholic bard, beer pellets an coffee slime) —
corresponding to productivity of other mechanical methods, lower power consuming and final humidity of the
processed wastes.

After achievement of the necessary final humidity of the waste in the press-form the hydraulic drive
of the cross-arm 2 and hydraulic pulse drive of the press-form 11 are turned off. In order to unload the press-
form 11 from the portion of dehydrated waste there is need to turn on a hydraulic drive of the cylinder 30 (the
cylinder drive is not presented on the scheme). The movable bottom 24 connected with the rod of the cylinder
30 through the link 29 and pin 18 is led out from the press-form (see the cross-sections B — B and D — D in the
fig. 1). The dehydrated waste is unloaded on the surface of the belt conveyer 15. For acceleration of this
unloading one can be turned on the hydraulic pulse drive, creating vibro-blowing impulses in the medium of
the dehydrated portion. A movable joint of the rod of the hydraulic cylinder 30 with the bottom 24 provides
possibilities for rigid fastening of the cylinder barrel on separate immovable frame (it not presented in the
scheme) and for reciprocal movement of the bottom with the press-form in course of realization of the main
technological process.

The design of the installation allows to use for provision of reciprocal movements of the press-form
hydraulic pulse, electromagnetic or unbalanced drive. So, on frame 20 of the installation can be fastened
correspondingly four cylinders 16 of the hydraulic pulse drive, four electromagnetic vibro-exciters 25 of the
electromagnetic drive (see the element E in the figure 1) or four vibro-exciters 23 of the unbalanced drive (see
the element F in the figure 1).

As we have pointed out that above, the main parameters of efficiency of dehydration processes of
damp dispersive wastes of food industry are: final humidity of the processed waste - ¢; middle productivity
of the dehydration by removed liquid - Q,4x;; middle productivity of the dehydration by the processed waste -
Q4xm; Middle power consuming of the dehydration process - C;. Experiments, that were conducted by the
author with using of vibro-blowing hydraulic impulse installation for dehydration and optimal regimes of
vibro-blowing loading in the closed press-form for portions of alcoholic bard, beer pellets and coffee slime,
have proved that their final humidity does not exceed 20 — 25% [1]. So, we can hope that under using of the
specialized industrial installation for vibro-blowing dehydration (see the fig. 1) this parameter of efficiency
will be, at least, in the same limits. Final check of real value ¢ in case of using of the proposed installation
should be experimental. Therefore, one of the tasks of this article is calculation and analysis of three other
efficiency parameters (Qux1, Qasm. Cq) depending from the main parameters vibro-blowing loading, working
and design parameters of the using equipment [1].

Early conducted experimental and theoretical researches of processes and equipment for the vibro-
blowing dehydration of damp dispersive materials in case of using of the hydraulic pulse drive for provision
of vertical periodical fluctuations of the press-form [1, 9, 10, 11] prove that main parameters of the vibro-
blowing loading for these processes are: maximal pressure pwmax in the middle of the processed material in the
press-form, amplitude z,, and frequency v of fluctuations of the press-form.

Amplitude za can be found from the equation of movement of the press-form 11 (see the fig. 1) with
the portion of the processed waste from initial lower into final upper position (the | stage of a cycle of the
vibro-blowing loading [1])

g = 0,9-4-p15p16;cpzp—mlg’ (1)
where @, — feeding from the pump of the hydraulic pulse drive (we can change @, with help of a
throttle, that installed in a control cavity of the drive’s generator pressure impulses [2]; S, - Cross-section area
of the hydraulic cylinder 16 of the hydraulic pulse drive; p1 — maximal pressure of working liquid in the cavity
of the cylinder 16 of the hydraulic pulse drive (it can be changed with help of the generator pressure impulses
[2]); ¢, —coefficient of elasticity of the springs 13 for return of the press-form 11 with the portion of processed
waste; z,, — previous compression of the springs 13; m;- mass of the lower executive element of the installation,
with consideration of masses of the connected movable elements (plungers 16 of the cylinders of the hydraulic
pulse drive, press-form 11 and portion of the processed waste).
As we can see from the formula (1) the main design and working parameters of the installation that
can be changed with provision of increase or decrease of the z,,are: py, z,, Q.

For determination of the frequency v may be used the formula
1

1
V=== ;
T ti+t;

(2)
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where T - duration of a period of fluctuations of the installation executive element (a cycle of vibro-
blowing loading); t;; t;; — duration of its movement from the lower initial position in the extreme upper position
(I stage of a cycle of the vibro-blowing loading) and movement from the upper position in the initial lower
position (11 stage of a cycle of the vibro-blowing loading).

The time t; determine by the formula

9

U = G

+4"SpIZIa’ (3)
where p2 — minimal pressure of working liquid in the cavity of the cylinder of the hydraulic pulse drive
[2]; V — initial volume of the system of the installation hydraulic pulse drive [1, 2], including volumes of the
working chambers of the hydraulic cylinders 16; K — modulus of volume elasticity of the working liquid.
The time t;; one should calculate by the formula

ZIZIa

ty = \F (4)

a; '’
where a, — acceleration of the mass m; in course of its movement in the initial lower position, that can
be determined from the corresponding equation of movement
m;a; = g(mI + m”) +Cp(ZIa + Zp) + 0,9 4. pZSpI + 0,9 4. phSp”' (5)
where m;;- mass of the upper executive element of the installation, with consideration of masses of
connected elements (cross-arm 2 with inertia loads 31, pistons and rods of the auxiliary hydraulic cylinders 3);
Spir - cross-section area of the piston of the auxiliary hydraulic cylinder 3; pj, - pressure of the working liquid
in its cavity. In the equation (5) the coefficient 0,9 takes into account an impact of the friction forces in the
compactions of the cylinders of hydraulic pulse drive and auxiliary drive of the installation [1, 2, 3].

As we can see from the formulas (3 - 5) the main design and working parameters of the installation
that can be changed to provide increase or decrease of the v are: py, py, 2, Qp, my;.

An analysis of cyclograms of hydraulic pulse vibro-presses with a generator of pressure impulses “at
exit” [2, 3] allows to make a conclusion that change of pressure of working liquid in a system of the drive in
course of a cycle of its functioning has a linear character. The wastes of food industries especially in course of
the initial stage of its processing have humidity 90 — 95% and by their structural-mechanical properties are
close to the Newtonian liquids. So, with quite high precision we can consider, that a change of pressure in the
medium of the portion of dehydrated waste in course of movement in the upper and in the lower position (I
stage and Il stage of a cycle of vibro-blowing loading) has also the linear character.

The maximal pressure pwimax in the medium of the processed waste in the press-form 11 in course of
the | stage one can determine with help of the formula

_ 0,94-p1Sp1—Cp(Z1a+2p)—mi(g+a))+0,9-4-ppSpir+myg
Pwimax = Spf ' (6)
where S, s — cross-section area of an internal cavity of the press-form 11.

The minimal pressure in the medium of the processed material in the press-form 11 in course of the |

stage: pwimin = 0. S0, the middle pressure in the medium of the waste portion in course of this stage
Pwimax
= (7)

Pwi = (Pwimax +Pwimin) /2= 2
During of the |1 stage of a cycle, as a result of unloading of lower layers of the portion in the press-
form 11 the constant pressure in its medium is created by the displacers 17. Approximate value of this pressure

one can calculate by the equation
0,94 ppSprr+myg

Sor (8)

Then, the middle pressure p,, in the medium of the dehydrated portion in course of a cycle of vibro-
blowing loading one can calculate as

Pwir =

Pm = (Pwi +Pwin /2 9)
So, as we can see from the formulas (6 - 9) the main design and working parameters of the installation
that can be changed to provide adjustment of the optimal values of p, are: py, pp, z,, @p, my;.
Let us now to set up dependencies between the main parameters of vibro-blowing loading in course of
dehydration of damp dispersive waste and efficiency parameters of the researched method (Q4s1, Qasw, Ca)-
Middle productivity of the vibro-blowing dehydration by removed liquid and by processed material are
Quz = 222 =

f. —_P 10
Tsp; ’ QdZW Tz' ( )
where m,,, ¢, — initial mass of the portion of the processed waste and its humidity; Ty, - duration of the
all working process of vibro-blowing dehydration of one portion of the processed waste; p; - density of its
liquid phase.
Duration of the all working process of vibro-blowing dehydration of one portion of the processed
material is
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Te=n-T+Ty=n-3+T (11)

where T;, — auxiliary time for loading and unloading of the press-form after dehydration of a waste

portion; n — number of the cycles of vibro-blowing loading for achievement of ¢, that can be determined by
the condition

pr Zima (Veir + Vi) = mpoy, (12)
where V;;;; Vi — volumes of removed liquid phase from the portion in course of the | and Il stages

of an i-cycle of vibro-blowing dehydration that one may calculate as
Vl q= _ T pwitir(@i- D*Sisz(@i- 1), Vl ar = an”t”r((pl 1) SlSZ((pl 1), (13)

8 ul(@i-1)
where t;, t;;, Pwr, Pwi are determined by formulas (3 - 8); r(gol 1) l((pl 1),Z(@;_1) - middle radius

and length of a capillary and middle number of the capillaries in unit of the volume, depending from humidity
gin course of the i-1-cycle (previous cycle); S;s —area of an internal surface of the press-form 11 with opening
and filtering net, that provides diversion of removed liquid phase; u - coefficient of dynamic viscosity of the
liquid phase. For the first cycle of the vibro-blowing dehydration these parameters are determined from the
initial humidity of the processed material.
Humidity of the processed material after an i-cycle of its vibro-blowing dehydration one can calculate as
0; = P1(Vii—11+Vii—aimn) (14)
YVt +my ] ]
where V;;_1;,Vii—1 — volumes of delated liquid phase from the portion of the processed waste in

course of the | and Il stages of the previous i — 1-cycle of vibro-blowing dehydration, determined by the
formulas (13); mg- mass of absolutely dry solid phase of the portion. For calculation of the ¢, for the first
cycle of vibro-loading in the formula (14) one should set the initial parameters of the processed material.
Dependencies (@), (@), z(p) - are quite different for free, capillary-connected and adsorption-
connected liquid of the same portion of the processed material, because, as it pointed out in the work [12] the
free liquid is located in channels between of solid particles, capillary-connected liquid — in channels inside of
the solid particles and adsorption-connected liquid — inside of channels walls of the solid particles.
The dependencies (@), L(p), z(¢p) are different for various damp dispersive materials, therefore for
their receipt there are need additional experimental researches.
Power inputs in course of a cycle of the vibro-blowing dehydration we can find as
Ag = 0,5 QptMam(P1 + p2) + QptiuNamba + QuT - NanPn, (15)
where p, - the pressure of the working liquid in a discharge line of the hydraulic pulse drive [2, 19];
Qy, - nominal flow of the pump of the auxiliary hydraulic drive; n4m,, ngn — coefficients of efficiency of the
hydraulic pulse drive and the auxiliary hydraulic drive of the using equipment for vibro-blowing dehydration [2, 7]:
Nam = Nan = Mp *Mm * M (16)
where n,; nm; 1. — coefficients of efficiency of a gear pump; three-phase electric motor and coupling
of the hydraulic pulse drive and of the auxiliary hydraulic drive of the installation [13].
Power inputs for dehydration of one portion of waste one can calculate by the formula:
_ Ags = Ag-n + QnTh - NanPhn + QnaThz * NanPrz (17)
where Ty,— duration of a raise of the punch 5 after finishing of the working dehydration process and its
sinking after loading of the next portion; py, - pressure in cavities of the hydraulic cylinders 3 in course of
realization of the auxiliary movements of the punch 5; @, — feeding from the pump of the auxiliary hydraulic
drive of the cylinder 30, providing movements of the bottom 24 for unloading of the dehydrated waste portion;
Tho— duration of the bottom’s movements; py, - pressure in cavities of the hydraulic cylinder 30 in course of
realization of the auxiliary movements of the bottom 24.
And middle power consuming of vibro-blowing dehydration we can find as
= Az (18)
szp(pf
Let us calculate and analyze theoretical dependencies of main vibro-loading parameters (p..;,
Z14,v) in course of dehydration of a portion of damp dispersive waste in the closed press-form with using of
the proposed installation (see fig. 1) from its working and design characteristics: py, z,, @, (for z;, and v );
P1,Zp, Qp, My, pp (for pn,). The processed waste — coffee slime with initial humidity ¢; =90 +
95% [1]. Calculation and graphing of these theoretical dependencies was realized with help of a computer
Excel-program with setting of such initial parameters, that were selected with consideration of corresponding
technical characteristics of known vibro-pressing equipment with the hydraulic pulse drive [1-3]: p;=8+ 14
MPa; p, = 4 MPa; p, = 2 + 6 MPa; S, =1,65-102m? S,; = 7,85 - 1073 m?%; S, = 0,785 m?%;c, =
2,85 -10" NIm;z, = 05 + 2,7 mm; Cpg = 4.97 - 105 N/m; cpy = 1.64 - 108 N/m;m; = 500 kg;
my;; = 300 +420kg; «,,,= 1,5 -1073 Pa -s; Qp=(1+23)- 1073 m3/s; K=2-10°Pa; V = 0,002 m3.
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Fig. 2. Diagrams of theoretical dependencies of the main parameters of vibro-blowing loading of
the portion of coffee slime in the closed press-form in course of its dehydration — amplitude z;, and
frequency v of the press-form fluctuations and middle pressure p,, inside of the portion in course of a
cycle of vibro-blowing loading from

a—maximal pressure p, of working liquid in the cavity of the cylinder of the hydraulic pulse drive (z, = 0,05
mm; @,=2,3- 103 m3/s;m;; = 300 kg; p, = 2 MPa); b —feeding Q,, from the pump of the hydraulic pulse drive
(p1 = 14 MPa; m;; = 300 kg; z, = 0,05 mm; p, = 2 MPa); c — previous compression z, of the springs for the
press-form return (p, = 14 MPa; Q,= 2,3 - 1073 m?/s; m;; = 300 kg; p, = 2 MPa); d — pressure py, in the working
cavity of the auxiliary cylinders (p; = 14 MPa; m;; = 300 kg; z, = 0,05 mm; Q,= 2,3 - 1073 m3/s); e — mass m,;of
inertia loads (p, = 14 MPa; Q,= 2,3-1073 m3/s; z,, = 0,05 mm; p;, = 2 MPa)

Diagrams of the dependencies, that were received by the results of the calculation are presented in the fig. 2.

As we can see the diagrams the parameters, that have most significant influence frequency v are:
maximal pressure p, of working liquid in the cavity of the cylinder of the hydraulic pulse drive (see fig. 2, a),
feeding @, from the pump of the hydraulic pulse drive (see fig. 2, b) and previous compression z,, of the
springs for the press-form return (see fig. 2, ¢). Regulation of amplitude z;,0f the press-form fluctuations and
middle pressure p,, in the medium of the dehydrated portion can be effectively fulfilled by increase and
decrease of the pressure p; (see fig. 2, a). In some extent, change of the pressure p,,, may be realized by
adjustment of the pressure py, in the working cavity of the auxiliary cylinders (see fig. 2, d). And tuning of the
amplitude z;, in some narrow range can be achieved at the expense of regulation of the previous compression
zp, (see fig. 2, ¢). The diagram fig. 2, f demonstrates, that change of the mass m;0f inertia loads does not make
noticeable influence into z;,,v, Py, -

Experimental researches for receipt of dependencies (), L(p), z(¢) for free, capillary-connected and
adsorption-connected liquid of main kinds of dispersive food wastes are quite complex and labour-consuming.
Therefore, with purpose of receipt of previous data about efficiency of the examined method and equipment
for vibro-blowing dehydration of dispersive food waste without consideration of character of interaction of
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liquid and solid phases of a portion of processed material, there were elaborated probes of coffee slime before
and after its processing under initial and final humidity ¢,= 95% and ¢y= 21%.

The researches were conducted with using of the microscope Bresser Biolux LCD Touch with increase
from 30x up to 1200x. Received linearized experimental dependencies are presented in the fig. 3.

4

3,5

3

]
wn

r, mm

I, mm

r,mm; |, mm; z:107
=
o~

——z-107

[

=4
U

95 80 70 60 50 40 30 21
®, %

Fig. 3. Experimental dependencies of middle radius r, length I of a capillary and middle number z of the
capillaries in unit of the volume of probes of coffee slime, depending from its humidity ¢

Calculation of the theoretical dependencies of the efficiency characteristics (Qgz;, Qazw, Cq) from the
parameters of the vibro-blowing loading (p,,,;, v) there was realized with use of formulas (9 — 18), the diagrams
in the fig. 3, computer Excel-program and initial data for calculation: m,,= 250 kg; p; = 1000 kg/m?; p=8,9-10"
“Pas; Sis = 2,6 m% mg = 12,5 kg; p;= 8 + 14 MPa; p, = 2 + 6 MPa; z, = 0,5+2,7 mm; my; = 300 +
420kg; Qp=1+23-1073 m3/s; Qp=1-1073 m?/s; n, = 0,8; ny, = 0,8; . = 0,97; pg = 101300 Pa;

3
Ty, = 30s; ppp, = 2MPa; Qpp = 1 - 10-3’”?;7"hz = 60s; pyy = 2 MPa.
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Fig. 4. Theoretical dependencies of productivity of vibro-blowing dehydration by removed liquid — Qgx;, by
processed waste - Qux» and middle power consuming — C4 from the main parameters of vibro-blowing
loading of the portion of coffee slime in the closed press-form in course of its dehydration: a — frequency
v of the press-form fluctuations; b — amplitude z;, of the fluctuations; c - middle pressure p,,, inside of
the portion in course of a cycle of the vibro-blowing loading

The results of the calculations of the dependencies Qgx;, Qgsw, Cq4 Trom the main parameters of vibro-
blowing loading are presented in the fig. 4 Analysis of the diagrams proves that change of the frequency v and
amplitude z;, of the press-form fluctuations influences more significant efficiency parameters than increase
or decrease of the pressure p,, inside of the portion. With increase of the frequency v all efficiency parameters
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are improved (see fig. 4, a). Rise of the amplitude z;, provides growth of productivity of the working process
(see fig. 4, b) but causes increase of energy expenses for its realization. The similar results ensures growth of
the pressure p,, (see fig. 4, c).

By the results of the calculation (see fig. 4) the proposed equipment (see fig. 1) provides higher energy
efficiency: 0,9 ~ 2,1 kW / t against 2,7 +~ 3,2 kW / t — for previously elaborated machines for vibro-blowing

dehydration [1, 9 — 11], but it has some lower productivity by dehydrated waste 6,9 + 7,7 t/h against
20 = 25t/ h —for known schemes of an equipment of the same destination.

5. Conclusions

1. In previous researches of the dehydration process of damp dispersive materials there were mainly
examined foundations, working efficiency parameters for thermal dehydration methods that have quite high
power-consuming indicators (740 + 2800 kW / t of removed liquid). The known mathematic models of
processes and equipment for mechanical dehydration, that demand significantly lower energy expenses
(2,7+ 3,2 kW / t) are enough complex and unsuitable for elaboration of engineering methods of their design
calculation.

2. A scheme of a high effective installation for vibro-blowing dehydration of dispersive wastes of food
productions in the closed press-form is presented in the article. The installation can be equipped with hydraulic
pulse, electromagnetic or unbalanced drive and ensures mechanized loading of waste in the press-form and its
unloading after completing of the working process.

3. There were elaborated algebraic equations and formulas for definition of the main parameters of
vibro-blowing loading of damp dispersive food production waste in course of its dehydration in the closed
press-form of the proposed installation (frequency v and amplitude z;, of the press-form fluctuations, middle
pressure p,, inside of the portion in course of a cycle of the vibro-blowing loading) and characteristics of the
process efficiency (productivity of the vibro-blowing dehydration by removed liquid — Qgx;, productivity by
processed waste - Qux and middle power consuming — Cq).

4. The elaborated algebraic equations and formulas were used for creation of a computer Excel-program
for calculation of dependencies of the main parameters of vibro-blowing loading (v, z;4, p;, ) from basic design
and working parameters of the installation: feeding @, from the pump of the hydraulic pulse drive; maximal
pressure p; of working liquid in the cavity of the cylinder of the hydraulic pulse drive, previous compression z,, of
the springs for the press-form return, mass m;; of the upper executive element of the installation, pressure p;, of
working liquid in cavities of the auxiliary hydraulic cylinders. Also there were calculated diagrams of efficiency
parameters (Qgx1, Qaxw, Cq) from the main parameters of vibro-blowing loading (v, z;4, pm ). The dependencies
allow to define effective methods and parameters of regulation for adjustment of an optimal regime of vibro-blowing
loading in course of dehydration of coffee slime. These parameters are: v = 110 Hz; z;,= 2,2 mm,; p,,, = 14,7 MPa.
For realization of this regime there are recommended such design and working parameters of the installation: p:=
14 MPa; Q, =1 md/s; zp = 2,7 mm; pp, = 6 MPa; m;;= 300 kg.

5. The proposed algebraic equations and formulas can be used as a base for elaboration of an
engineering method of design calculation of the high effective installation for vibro-blowing dehydration of
dispersive wastes of food productions in the closed press-form.
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BU3HAUYEHHS OIITUMAJIBHUX KOHCTPYKTUBHUX I POBOUYUX ITAPAMETPIB
BIBPOITPECIB JJis1 SHEBOJHEHHS BOJIOTI'UX JUCHHEPCHUX BIAXOAIB XAPYOBHUX
BUPOBHUIITB

Bibponpecose obnaonanns € 00num 3 HaOLIbW ePeKMUBHUX GUAT8 MAWMUH OJIst 3HEBOOHEHHSL BON0SUX
oucnepcHux 8i0xodi8 Xxapuoeux SUpOOHUYME (cnupmosoi 6apou, NUBHOI OpPOOUHU, OYPAKOBO2O IHCOMY,
Kagoso2co ma SIUMIHHO20 WIAAMIB) Ol NOOAIbUO20 IX BUKOPUCMAHHA SK YIHHUX 000a80K 00
CLIbCLKO2OCNOOAPCLKUX KOpMi6 abo ax nanusa. llopieHsaHo 3 [HWUM OONAOHAHHAM Ol MeXAHIYHO20
3HeB0O0HEeHHs (2I0OPAGNIUHUMU, CMPIYKOGUMU MA WHEKO8UMU npecamu, yewmpugyeamu) eibponpecu 3
2I0pOIMNYIbCHUM, 0eDANAHCHUM AD0 eleKMPOMASHIMHUM NPUBOOOM 3a0e3neyyroms maKy camy abo Oinbuty
npodykmusnicms (20 ~ 25 m/200) ma enepzoepexmusnicms (2,7 +3,2 ) kBm/m) npu sHauno menwii Kinyesii
6on020cmi 8i0x00i6 (20 + 25 % npomu 70 — 76 % - 3a peanizayii inwiux cnocobis MexaHiuHo2o 3He800OHEHHS).
Ocmanne 003607151€ He NPOBOOUMU 000AMKOSE CYULIHHS 810X0018, W0 3aDe3neuye 3HAUHEe SHUNCCHHS 3A2aAIbHOT
eHepzoeMHoCmi pobouoco npoyecy. s 0ocsieHenHs 8UCOKUX NOKA3HUKIE epexmusHocmi 6i6poydapHoco
3HEeB0O0HEHHs HeOOXIOHO 3abe3nedumu ONMUMATbHI 3HAYEHHS POOOYUX MA KOHCMPYKMUBHUX NAPAMEmpie
001a0Hanus 015 ix peanizayii. Icnye xinvka nioxo0dis 00 euguenns sibponpecosoeo obraonanus. 1ioxoou, wo
Peanizyromscs 3a 00NoOMo2010 OUPEPEHYIATbHUX PIGHAHb PYXY GUKOHAGHUUX eNeMeHmi8 MAWUH abo PIGHSIHb
banancie ixuboi ewepeii, 3abe3neuyiomv GUCOKY MOYHICb PO3PAXYHKIE, ane uepe3 CKIAOHICMb GOHU
Henpuoamui 05l CMEOPEHHs MemOOUKU [HHCEHEPHO20 DPO3PAXYHKY MAWUHU. Y cmammi 3anpononosami
aneebpaiuni pieHanua ma Qopmyau 015 GUIHAYEHHS ONMUMATLHUX RAPAMEMPI6 8IOPONPeco8020 00IAOHAHHS.
07151 3HEBOOHEHHSA 80JI02UX OUCHEPCHUX 8I0X00I8 XapUOBUX BUPOOHUYME OJis peanizayii 3a0anux napamempis
epexmugHOoCmi mMa 3 YpAXy8aHHAM NOYAMKOBUX MA KIHYEGUX (DI3UKO-MEXAHIUHUX XAPAKMEPUCTIUK
Mamepianis, wo nepepodngiomecs. Haseoeno ma npoananizoeano pospaxyHkosi epagixu yux napamempis.

Knrouosi cnosa: 3nesoonenns, eibponpec, 60n02i OUCHEPCHI 8i0X00U, ONMUMALLHI PoOOYUl ma
KOHCMPYKMUBHI napamempu, NpooyKIMUGHICIy, eHepeoehexmugHicmy, KiHyesa 60102iCmb.
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