ISSN 2306-8744

Ne 3 (122) Bibpauii e mexHiyi

Sevostianov |.

Doctor of Technical Sciences,
Vertretungslehrkraft
Oberstufenzenrum

Il Barnim Eberswalde

CeBocTbsiHOB |.B.
AO.T.H., BuKknagaJ LieHTpy
npodecinHoi OCBITH

Il BapHim, M. E6epceanbie
(HimeyyuHa)

EXPERIMENTAL INVESTIGATION OF
VIBROIMPACT DEWATERING OF
WET DISPERSED MATERIALS USING
A HYDRAULIC-PULSE TEST RIG ©
2026 by Sevostianov |. is licensed under
CCBY 4.0

ma mexHorsoegissx
2026

YK 664.8.047
DOI: 10.37128/2306-8744-2026-3-2

EXPERIMENTAL INVESTIGATION OF
VIBROIMPACT DEWATERING OF WET
DISPERSED MATERIALS USING A
HYDRAULIC-PULSE TEST RIG

The paper presents an experimental substantiation of an
energy-efficient method for vibroimpact dewatering of wet
dispersed food-production materials using a specially developed
hydraulic-pulse test rig based on the IVPM-16 inertial vibropress-
hammer. The design of the stand, its hydraulic drive, technological
tooling and operating cycle are described. The principal loading
parameters governing process efficiency are identified as the
vibration amplitude and frequency of the vibrating table, the
maximum pressure in the hydraulic-pulse cylinder, and the
travelling speed of the tray with the processed material.
Experimental studies were performed for coffee slurry, distillery
stillage and sugar beet pulp with an initial moisture content of 75%.
Process performance was evaluated by liquid-removal capacity,
specific energy consumption and final moisture content. The
experiments demonstrate that increasing vibration amplitude,
frequency and maximum hydraulic pressure generally increases
dewatering productivity and reduces both specific energy
consumption and final moisture content, whereas increasing tray
speed produces the opposite tendency. A frequency optimum is
observed because excessive vibration intensifies loosening of the
lower material layers and can promote re-absorption of the
separated liquid. Minimum final moisture contents of 20% for
coffee slurry, 22% for sugar beet pulp and 24% for distillery stillage
were achieved. Comparison with conventional static pressing
shows a substantial reduction in treatment duration and required
force, confirming the high technological potential of hydraulic-pulse
vibroimpact dewatering for continuous processing of wet dispersed
food wastes.

Keywords: vibroimpact dewatering, wet dispersed
materials, hydraulic-pulse drive, food-production waste,
experimental stand, vibration amplitude, vibration frequency,
hydraulic pressure, specific energy consumption, final moisture
content.

Introduction. Wet dispersed wastes of
food and processing industries, including coffee
slurry, distillery stillage and sugar beet pulp, contain
a substantial fraction of mechanically removable
liquid. Conventional mechanical dewatering
methods often leave a concentrate with excessive
residual moisture and therefore require subsequent
thermal drying. The additional drying stage sharply
increases total energy consumption, complicates
the process line and raises production costs. For
this reason, the development of mechanical
methods capable of removing a larger fraction of
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liquid before thermal treatment is a relevant
engineering task.

Vibroimpact loading combines static
compression, cyclic inertial forces and short-
duration impacts. Such a loading regime promotes
disruption of inter-particle bonds, intensifies liquid
migration through capillary channels and filtration
media, and can produce markedly lower final
moisture than static pressing. However, the
practical efficiency of the method depends on a
coordinated selection of vibration amplitude,
excitation frequency, hydraulic pressure and
material transport speed. Experimental verification
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on a controllable test rig is therefore necessary

before  designing industrial  continuous-flow
equipment.
Review of recent research and

publications. Previous investigations into vibration
and vibroimpact technologies have shown that
dynamic loading can substantially intensify the
treatment of dispersed media. For wet food-
production wastes, the most promising schemes
use hydraulic-pulse drives because they are
capable of generating adjustable high-frequency
force pulses and of combining them with a static
clamping force. Earlier studies by Sevostianov and
co-authors established the feasibility of multistage
vibroimpact dehydration and identified the principal
physical mechanisms responsible for enhanced
liquid separation [1-6].

At the same time, published data indicate
that the efficiency of conventional screw presses,
belt presses, centrifuges and static hydraulic
presses is limited either by relatively high final
moisture content, filter clogging, high material wear,
or the need for energy-intensive thermal post-
treatment. Thus, an experimental assessment of
the hydraulic-pulse vibroimpact method under
controlled loading conditions is required to quantify
its technological advantages and determine rational
operating ranges.

Purpose of the study. The purpose of this
study is to experimentally substantiate the
efficiency of vibroimpact dewatering of wet
dispersed materials and to establish the influence
of the principal loading parameters on liquid-
removal capacity, specific energy consumption and
final moisture content. The objectives include
development of a hydraulic-pulse experimental rig,
selection of measuring equipment, formulation of
process-efficiency indicators, investigation of coffee
slurry, sugar beet pulp and distillery stillage, and
comparison of the proposed method with
conventional static and mechanical dewatering.

Materials and methods. The experimental
hydraulic-pulse rig was developed on the basis of
the IVPM-16 inertial vibropress-hammer. The
machine incorporates a rigid frame mounted on
vibration isolators, an auxiliary hydraulic cylinder for
applying the static clamping force, a moving
crosshead with adjustable inertial masses, upper
and lower vibroimpact rollers, a vibrating table,
return springs, a hydraulic-pulse drive, and a tray
for the processed material. The hydraulic-pulse
circuit includes a pump, flow regulator, single-cycle
hydraulic accumulator, directional valves and a two-
stage vibration exciter connected according to an
inlet-control scheme.
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Fig. 1. Principal hydro-kinematic scheme
of the experimental hydraulic-pulse rig for
vibroimpact dewatering based on the IVPM-16
vibropress

The technological tooling is arranged so that
the processed material is uniformly distributed in a
2-5mm layer on a perforated steel tray covered with
a dense filter cloth. The rollers press the material
and simultaneously provide horizontal transport of
the tray. Liquid passing through the filter fabric and
3 mm tray perforations is collected in an angular
channel and discharged to a tank. Reversal of roller
rotation permits repeated treatment of each
material section and simulates the action of several
consecutive roller pairs in a future industrial
installation.

Such a design makes it possible to
reproduce the main operating conditions of
continuous  mechanical dewatering  while
maintaining convenient control of the technological
parameters. The thickness of the material layer,
roller pressure, rotation speed, number of passes,
and residence time in the deformation zone can be
varied independently, which allows the influence of
individual factors on moisture removal efficiency to
be assessed. The perforated support surface
ensures free drainage of the separated liquid, while
the filter cloth prevents the loss of fine solid particles
and reduces the risk of clogging of the tray
openings.
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Fig. 2. Structural scheme of the technological tooling of the experiméntal hydraulic-pulse rig

Table 1
Main design parameters and technical characteristics of the experimental rig
Parameter Unit Value

Hydraulic-pulse cylinder plunger area, Sh m? 1.65x1072
Auxiliary cylinder piston area, Sa m? 7.85x107®
Total stiffness of vibrating-table return springs, cy N/m 2.4 x10°
Hydraulic accumulator working volume, Wa m3 0-0.93 x 1073
Mass of lower moving assembly, m; kg 120
Mass of upper moving assembly, mu kg 80-300
Frame mass, mf kg 2100
Hydraulic-pulse pump delivery, Qn1 m3/s 1.1 x1073
Maximum hydraulic-pulse pressure, Pmax MPa 14
Maximum auxiliary-drive pressure MPa 6.3
Maximum force generated by hydraulic-pulse drive N 2.3 x10°
Maximum auxiliary-drive force N 5.0 x 10*
Hydraulic-pulse motor power kw 18.5
Auxiliary-drive motor power kw 3.3

During operation, the upper roller is first lifted
to insert the tray and then lowered until the required
static clamping force is reached. The hydraulic
accumulator is charged until the vibration exciter
opens at a preset pressure p,, after which the
working fluid rapidly enters the main cylinder and
accelerates the vibrating table upward. When
pressure falls to the closing level p., thg cylinder is

%

Fig. 3 - Experimental
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I hydulic-pulse test rig (left) an

connected to the return line and the moving system
travels downward under gravity and spring forces
until impact occurs. Repetition of this cycle

generates combined vertical static, inertial and
vibroimpact loading. Slow counter-rotation of the
rollers moves the tray horizontally through the
loading zone.

tooling (right)

d its roller technological
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The principal loading parameters were the vibration
amplitude za and frequency v of the vibrating table, the
maximum pressure p_max in the hydraulic-pulse
cylinder, and the tray travelling speed vp. Effective
variation of amplitude, frequency and pressure was
obtained mainly by changing the flow-regulator opening
area and the vibration-exciter opening pressure. The
tray speed was controlled by the roller rotational speed
and roller diameter.

The vibrating-table displacement and oscillation
frequency were measured by a TURCK Ni8-M18-LiU
displacement transducer. Hydraulic pressure was
recorded by an ADZ-SML-10.0 pressure transducer.
The analogue signals were digitised using an E14-140
ADC and processed using LGraph2 software. The
displacement-time oscillogram was used to determine
vibration amplitude and period, while the pressure
channel provided the maximum working pressure
during each test.

The liquid-removal capacity Pd [kg/min] was
calculated as the ratio of the mass of liquid mr removed
from the material portion to the total dewatering time

>Ta:
Pd = — )
XTd

The removed liquid mass was obtained from the
difference between the initial mass mi and final mass m
of the material portion:

mr = mi — mf 2)

The specific energy consumption Ed [KWhft]
was determined from the total energy input 2Ed and the
removed liquid mass. The total energy input was
calculated from the installed electric power NX of the
stand motors and the treatment time:
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Ed = ’ ZEd = NE . ZTd (3)

.

Final moisture content U f was determined
gravimetrically after complete drying of the solid phase.
All investigated materials had an initial moisture content
of Ui = 75%. For each setting of zs, v, p_max and vp,
experiments were repeated ten times; arithmetic mean
values were used to construct the experimental
dependencies.

The experimental results show a consistent
influence of the loading parameters on all three
efficiency indicators. Increasing vibration amplitude
raises the liquid-removal capacity because the intensity
of inertial and impact action on the dispersed structure
increases. At the same time, the greater quantity of
liquid removed during a given processing interval
reduces the specific energy consumption per tonne of
removed liquid and decreases the final moisture
content.

Increasing excitation frequency produces a
similar beneficial effect only up to a certain limit. For
coffee slurry, the liquid-removal capacity reaches its
maximum at approximately 35 Hz. Further frequency
increase causes more intensive loosening of the lower
layers of the material and reduces the time available for
the separated liquid to flow through the filtering tray;
part of the liquid may therefore be drawn back into the
material layer. This explains the observed decrease in
productivity beyond the frequency optimum.

Productivity trends obtained in the experiments
are illustrated in Figure 4.
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Fig. 4. Experimental liquid-removal capacity as a function of: (a) vibration amplitude; (b)
vibration frequency; (c) maximum hydraulic pressure; (d) tray travelling speed. Original curve
labels denote coffee slurry, distillery stillage and sugar beet pulp.

Among the studied factors, maximum hydraulic
pressure has the strongest positive influence on
productivity. Increasing p_max raises the dynamic
force transmitted to the material and intensifies liquid
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expulsion. In contrast, increasing tray speed reduces
the residence time of each material section in the active
loading zone. As a result, liquid-removal capacity
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decreases, specific energy consumption rises and final
moisture content becomes higher.

The final moisture data demonstrate that the
method is effective for materials of different structure.
The lowest value, 20%, was obtained for coffee slurry;
sugar beet pulp reached 22%, and distillery stillage
reached 24%. Although the three materials differ in
particle structure, capillary network and liquid-binding
conditions, the differences in their best efficiency
indicators are relatively small, which confirms the broad
applicability of the proposed loading principle.
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The principal advantage of the proposed
method is the substantially lower final moisture content
compared with conventional mechanical dewatering.
The source experimental materials report typical final
moisture levels of 30-77% after belt presses, screw
presses, decanter and vibratory centrifuges, and 80-
90% after vibratory screens. In contrast, hydraulic-
pulse vibroimpact treatment provided 20-24% final
moisture for the investigated food-production wastes.

The experimental stand, being a research
machine adapted from equipment originally intended
for another process, does not yet outperform industrial
screw presses in instantaneous liquid-removal capacity
or specific energy consumption. For example, the VPD-
7 screw press is reported to provide approximately 23.3
kg/min and 5 kWh/t during dewatering of distillery
stillage. However, materials treated by a conventional
screw press generally require subsequent thermal
drying, which dominates the overall energy balance.
The source data cite 2528 kWht for drum drying of
distillery stillage, 2248 kWhtt for spray drying, 1275
kwhit for double-roll drying, and 740-760 kWh/t even
for comparatively economical vacuum drying of sugar
beet pulp.

A direct comparison with static pressing is
especially illustrative. Static pressing required at least
20 min and produced a minimum final moisture content
not lower than 65%, whereas vibroimpact loading
reduced the treatment duration to approximately 20-25
s in the comparative experiments. Moreover, the
maximum force applied by the static hydraulic press
was 1,271,700 N compared with 30,217.7 N for the
hydraulic-pulse stand. These differences indicate that
dynamic loading achieves substantially more effective
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structural rearrangement and liquid release at much
lower peak force.

10°
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Typical treatment duration, s

Static pressing

Vibroimpact loading

Fig. 6. Order-of-magnitude comparison of
treatment duration for static pressing and
vibroimpact loading.

Conclusions. 1. An experimental hydraulic-
pulse rig based on the IVPM-16 inertial vibropress-
hammer was developed for studying combined static,
inertial and vibroimpact dewatering of wet dispersed
materials.

2. The principal process parameters are
vibration amplitude, excitation frequency, maximum
hydraulic-pulse pressure and tray travelling speed.
Increasing amplitude, frequency and pressure
generally improves dewatering efficiency, while
excessive transport speed reduces residence time and
process effectiveness.

3. A distinct frequency optimum exists. For
coffee  slurry, productivity increased up to
approximately 35 Hz and then decreased because
excessive vibration loosened the lower material layers
and hindered irreversible liquid discharge.

4. At an initial moisture content of 75%, the
minimum  final  moisture  contents  achieved
experimentally were 20% for coffee slurry, 22% for
sugar beet pulp and 24% for distillery stillage.

5. Compared with static pressing, vibroimpact
treatment reduced the characteristic process time from
at least 20 min to about 20-25 s and required a much
lower maximum force, while providing substantially
lower final moisture content.

6. The obtained results experimentally confirm
the feasibility of hydraulic-pulse vibroimpact dewatering
as a basis for the design of continuous industrial
equipment intended to reduce or eliminate the need for
subsequent energy-intensive thermal drying.
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EKCNEPUMEHTANBHE OOCNIMXEHHA
BIBPOYOAPHOIO 3HEBOAHEHHA BOJNIOIMX
OUCNEPCHUX MATEPIATNIB HA
riaPoIMNyYJNIbCHOMY CTEHAI

y cmammi rnpedcmaerneHo
eKcriepumeHmarsibHe 06rpyHMyeaHHs1
eHep2oeheKmuUB8HO20 criocoby 8ibpoydapHoe0

3HEBOOHEHHSI  807102UX  OUCTIEPCHUX — Mamepiariie
Xap4o8ux 8UPOOHUYMS i3 BUKOPUCMAaHHSIM crieyjaiibHO
po3pobrieHo20 2iOpOiMI1yrbCHO20
eKcriepumeHmarbHo20 cmeHOa Ha 6a3i iHepuitiHo20
gibporipec-morioma IBINM-16. OnucaHO KOHCMPYKUito
cmeHOa, lioeo eidpasniyHuli rnpueid, mexHosoaiyHe
OCHaweHHT ma  poboyuti  uukn.  OCHOBHUMU
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rnapamempamu  HaBaHMAaXeHHs, WO B8U3Ha4armb
eghekmusHicmb MPOUECy, 8CMaHO8/IeHO amriiimyody
ma 4Yacmomy KonugaHb 8ibpocmoria, MaKcuMaribHUU
MUCK Yy 2i0pOIiMITyrIbCHOMY UUIHOPI ma WeUOKicmb
riepemilieHHs1 lomka 3 06pobrioeaHUM Mamepiasiom.
ExcriepumermaribHi O0CTiOXeHHSsT poeedeHo
O Kagoeoeo wiriaMy, ricsicriupmosoi 6apdu ma
OypsIKOBO20 XKOMY 3 r104amKoeor eoriozicmio 75 %.
EcpexmusHicms npouecy oujHrosanu 3a
npodykmueHiCMo  eudarneHHs1  PiOuHU,  IUMOMUMU
eHepeemuyHUMU ~ eumpamamMu  ma  KiHUeeo
goriozicmio Mamepiarny. EkcriepuMeHmu rnokasarnu, Wwo
36inbweHHsT amiimyou ma 4Yacmomu KorugeaHb, a
MakKoX MakcumMasibHO20 2idpaeriiqyHO20 MUCKY 3a2ariom
nidsuwye rnpoOyKMUBHICMb 3HEBOOHEHHST Ma 3HUXKYE
SK NUMOMI eHep2emuyHi eumpamu, mak i KiHuesy

goroeicmb, moOi Sk 36iNbWeHHS  WeudKocmi
repeMillieHHs1  7IomKa  CMPUYUHSIE  MPOMUNEXHY
MmeHOeHU;t0.

BcmaHoeneHo  HasisHicmb  onmumaribHOT

yacmomu KorueaHb, OCKifbKU HadMipHa eibpauis
MOCUITIOE POSITYWEHHST HUXHIX wapie mamepiany ma
Moxe crpusimu  OBMOPHOMY — MO2MIUHAHHIO
8i0oKpemsieHOi  piduHu.  [JocsizHymo  MiHiMaribHOP
KiHUe8oi' eornoeocmi Ha pieHi 20 % Onsi kasoeozo
winiamy, 22 % 0Ons 6ypskosoeo xomy ma 24 % Ons
niicrisicriupmosoi’ 6apou. NopisHsHHS 3 mpaduuitiHum
Cmamuy4HUM  [PecysaHHsM  oKas3aso  icmomHe
CKOpO4YeHHsI mpugasiocmi 0bpobku ma HeobXiOHO20
3ycurnnsi  rpecysaHHss, Wo nidmeepdxye euUCOKUL
MEXHOI0_IYHUL romeHujan 2IOpOiMI1yIbCHO20
8ibpoydapHo20 3HEBOOHEHHs1 Onsi  besnepepeHoi
rnepepobku 8osozux AucrnepcHUX eidxodie xap4osux
8upobHUYmMS.

Keywords: 8i6poydapHe 3HeEBOOHEHHS, 807102i
oucriepcHi  Mamepianu,  2i0poiMynbLCHUL  rpusio,
8i0x00U Xap4os8uUX 8UPOBHUUMS, ekcriepuMeHmaribHUl
cmeHO, amrinimyda KornueaHs, Yacmoma Ko/ueaHhb,
eifpaeniyHutl muck, numomi eHepaemuyHi sumpamu,
KiHUesa 8oriozicmb.
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