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Dehydration of damp dispersive materials is a wide spread group of processes in food and processing
industry. In particular to this group belong processes of separation of damp dispersive waste of food
enterprises (alcoholic bard, beer pellets, beet press, coffee and barley slime) at solid and liquid phases. At
majority of Ukrainian food enterprises this waste is poured out on the ground or in nearby ponds, but in case
of its separation the solid phase of such materials can be used as valuable additive to agricultural fodders or
as fuel. As a result, one can provide a complex solution of problems: waste utilization, prevention of nature
pollution and receipt of an additional income from realization of fodders or fuel. There are a lot of methods of
dehydration of damp dispersive materials that can be divided at several groups: mechanical, thermal, electro-
physical, biological, chemical and combined. An improved classification of main methods of dehydration of
damp dispersive materials and equipment for their realization is presented in the article. This classification
allows to conduct a more systemized and founded analysis of advantages and disadvantages of the methods,
to select an optimal method with consideration of conditions and parameters of a concrete enterprise and
processed material. Such analysis and selection can be realized with help of a computer program. There is
substantiated high efficiency of mechanical dehydration methods of damp dispersive materials, in particular,
the method of pressing on equipment with hydraulic or unbalanced drive. There are proposed a block-scheme
of an algorithm of automated analysis of methods and equipment for dehydration of damp dispersive materials
for selection of admissible and most effective variants of their processing by such main criterions: as
productivity, expenses of energy, specific consumption of materials of equipment and final humidity of
processed material.

Key words: dehydration, hydraulic press, damp dispersive materials, separation, productivity, energy
consumption, final humidity.
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1. Problem formulation

Dehydration processes have a significant meaning for food and processing industry [1]. In particular
to this group of processes belong technologies of separation of dispersive food waste (alcoholic bard, beer
pellets, beet press, coffee and barley slime) at hard phase (concentrate) and liquid phase (filtrate) [2, 3]. At
majority of Ukrainian food enterprises this waste is poured out on the ground or in nearby ponds, but in case
of its separation the solid phase of such materials can be used as valuable additive to agricultural fodders or as
fuel [3, 4]. As a result, one can provide a complex solution of problems: waste utilization, prevention of nature
pollution and receipt of an additional income from realization of fodders or fuel.

There are a lot of methods of dehydration of damp dispersive materials that can be divided at several
groups: mechanical, thermal, electro-physical, biological, chemical and combined [2, 5]. Various types of
equipment with mechanical, electro-mechanical, electro-magnetic, pneumatic, hydraulic and combined drive,
with different principles of operation and design, of continuous and periodical operation, with higher and lower
productivity [2] are created for realization of these methods. Selection of an optimal method and machines for
its realization should be fulfilled with consideration of conditions and parameters of a concrete enterprise (its
sizes, volumes of production and waste, their physical and mechanical characteristics) [3, 4].
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In the opinion of the authors, a classification of methods and equipment for dehydration of damp
dispersive materials provides more systemized and founded analysis of their advantages and disadvantages
with provision for productivity, energy efficiency, given final humidity of the material. So, elaboration of such
classification with provision of a possibility of an automated selection of rational technologies and machines
for conditions of a concrete enterprise is an actual problem.

2. Analysis of last researches and publications

The most complete and corresponding classification of the methods and equipment for dehydration of
damp dispersive materials is presented in the work [2]. But this classification demands of corrections and
abbreviation with consideration of the methods efficiency in conditions of modern high intensive production
with ensuring of a possibility of a computerized selection of the most rational method and equipment.

A detailed analysis of methods and machines for dehydration of minerals as part of a technology of their
ore-dressing is presented in the work [6]. The authors of the work pick out two main groups of the dehydration
methods: mechanical (drainage, thickening, centrifugation, filtration) and thermal (drying). Chemical, physical-
chemical and bio-chemical methods (sedimentation with use of flocculants, natural sedimentation, neutralization,
chlorination, ozonization, ion-exchange technique, electro-chemical oxidation, extraction of organic
components, adsorbtion, flotation, bio-filtration) are also shortly examined in the work, but they are not included
in the general classification while they provide mainly disinfection of sewages of enterprises for mineral
processing and don’t allow to remove from them basic part of mechanical solid particles.

The work [7] contains an evaluation of thermal methods of dehydration of fine dispersive materials
(first of all — building mixtures). Actually, in the work presented only list of the main methods of drying and
equipment for their fulfilment, with definition of advantages and disadvantages of each method. But there is
absent a systematic classification of the methods and drying machines that can be used as a foundation for
elaboration of the method of automated analysis and synthesis of optimal variants of technological processes
and equipment for dehydration of damp dispersive materials.

An author of the work [8] shortly analyzes some most wide spread methods of mechanical dehydration
with help of centrifuges and vacuum filters, but this classification is also incomplete and demands of additions
and improvements.

There are analyzed thermal methods of dehydration of vegetable raw materials in the work [9], but
without indication of quantitative parameters of their energy efficiency.

3. Aim of the researches

The aim of this work is elaboration of a classification of modern high effective methods of dehydration
of damp dispersive materials with provision of a possibility of its utilization for conducting of an automated
analysis and synthesis of variants of technological dehydration processes with consideration of basic criterions
of efficiency: productivity, power consuming, metal consumption, provided final humidity of processed material.

4. Results of the researches

There is a classification of most effective methods and equipment for dehydration of damp dispersive
materials, presented at the table 1. There are two main groups of the methods: mechanical and thermal [2].

Mechanical methods are most effective by energy expenses at unit of volume of delated liquid
(2,5+35 kW / t) and also by productivity (2 = 25 t / h) [1 — 5]. An equipment for realization of mechanical
methods has simple and reliable design, compact dimensions. A disadvantage of methods of this group is
relatively high final humidity of processed material: 72 +~ 76% — in case of utilization of screw, roller and
hydraulic presses, vibro-shakers and vibro-sieves, centrifuges or separators; 20 + 25% - under using of auger
extruders and vibro-presses [1 — 5, 10]. By notion of authors of the article the most prospective method of the
mechanical group is vibro-blowing loading on vibro-presses with unbalanced, electromagnetic or hydraulic
pulse drive [2 — 5]. They provide high energy efficiency (2,7 + 3,2 kW / t) of dehydration and productivity 20
+ 25t/ h[2 - 5]. Final humidity of the processed material 22 + 25% (for alcoholic bard, beer pellets, beet
press, coffee and barley slime) is acceptable for using these materials as fuel. But for long storing of the
materials and their further utilization as additives to agricultural fodders [2 — 5] the materials should be dried
additionally to humidity 8 + 10%. That leads to increase of general energy expenses. Besides, one more
shortcoming of vibro-blowing loading on vibro-presses, especially with hydraulic pulse drive is design
complexity of the using equipment [3, 4, 10], so this method demands of some improvements.
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Table 1
Classification of most effective methods and equipment for dehydration of damp dispersive materials
Groups of methods Methods Equipment for realization of the methods
Static pressing Auger extruders, screw presses, roller
presses, hydraulic presses
Centrifugation Centrifuges, separators
Mechanical 0. . Vibro-shakers and vibro-sieves with unbalanced,
Vibration loading . . X
electromagnetic or hydraulic pulse drive
Vibro-blowing loading Vibro-presses with unbalanced,
electromagnetic or hydraulic pulse drive
Evaporation Open and vacuum evaporators
Thermal Drying Dryers: drum, vacuum roller, spray, vortical,
aerofountain, vibration with infra-red radiation

Thermal methods in case of their using demand of maximal power-consuming from 740 kW / t — for
vacuum evaporators up to 4500 kW / t — for spray dryers [2 — 5], but provide high enough productivity of
dehydration and actually any necessary final humidity of processed material. These methods are effective at a
completing stage of the processing process.

Besides, in some works are examined several more groups of methods as a part of corresponding
technologies of processing: electro-physical (electrolytical, electrocoagulation, electro-flotation), physical-
chemical (coagulation and floculation, flotation, exctraction) and biological (anaerobic fermentation, aerobic
fermentation) [2, 10], but all these methods can be used for previous separation of firm fraction of damp
dispersive materials before its further dehydration.

For realization of an automated selection of optimal variants of dehydration processes and equipment
with concederation of concret demands and conditions there is need to form databases with values of
parameters of avalable equipment for dehydration of a real enterprize of food or production industry and
physical-mechanical characteristics of processed material [11, 12, 13].

In particular the database 1 (DB1) should contain such main parameters of the equipment as:
productivity of dehydration of available machines, t/h (P, P, ..., Pn); its energy efficiency,
kWit (E1, Eo, ..., En); mass (m1, my, ..., my); price (Vi, Va, ..., V5); main dimensions — length x width x height
(L1 x Wy x Hg1; Lo x W x Hg; ...; Ln x Wa X Hygn); initial necessary humidity of processed material, % (Hii,
Hio, ..., Hin), final humidity of processed material that can be provided, % (Hn, Hr, ..., H:in), where
1,2, ..., n—number of variants of equipment for dehydration. Additionally, depending from a kind of the
equipment there is need to point out its main working characteristics. For example, for vibro-presses with
unbalanced or hydraulic pulse drive that can be [14]: range of amplitudes Ra.i and frequencies R,; of the
executive element, maximal pressure pmaxi that can be provided in the middle of a portion of processed material
in the press-form (i — the number of the machine in the DB1).

The database 2 (DB2) should include information about of physical-mechanical characteristics of processed
material (its daily mass myq at the enterprise, initial H; and necessary final Hr humidity, middle size of particles - dm),
parameters the production task (admissible energy efficiency E,, kW / t) and real conditions of the concrete
enterprise (admissible mass mj, price V,, main dimensions — length x width x height (La x W, x Hga).

There is a block-scheme of an algorithm of automated analysis of methods and equipment for
dehydration of damp dispersive materials and selection of the most effective method (fig. 1).

In correspondence with this block-scheme, at the first stage of the analysis on basis of parameters of
DB1, DB2 there is realized a check-up of the conditions

P22 B SEg; mysmg VisVy LiSLg W< W 1)
Hg.i < Hg.a; Hi.i < Hl'; Hf.i < Hf; 1<i<n

The base of admissible variants (BAV) of methods and equipment for dehydration is formed by result of
this check-up.

At the second stage of for the selected variants is carried out an additional check-up of a possibility of
realization at the equipment of optimal for given processed material parameters of loading. For example, for
vibro-presses conditions for the check-up are

Ryi < Ra.ppt; R,; < Rv.opt; Pmax.i = Pmax.opt; 1<i<k, 2
where k — number of admissible variants after the first stage of the analysis. At that for determination
of the Ry ppt: Ry.optr Pmax.opt: there can be used the results of theoretical or experimental researches [2].
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Formation of the base of admissible variants (BAV) by conditions
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End

Fig. 1. Block-scheme of an algorithm of automated analysis of methods and equipment for dehydration of
damp dispersive materials and selection of the most effective method

At the third stage the variants, that were selected after the second stage of the analysis are graded by
main parameters of efficiency (productivity P, energy efficiency E and final humidity H of processed material)
and the first variant (the most effective variant) in the ranked list is brought for realization.

In cases when the given final humidity Hr can’t be achieved under utilization of one dehydration
method and the corresponding equipment there is need with help of data from DB1 and DB2 to select one
more or several more units of additional machines. For example, if Hi = 20 + 25% there is recommended to
use a technology that consists of four stages of dehydration: preliminary separation of liquid and firm phases
with help of a vibro-blowing sieve, dehydration on a screw press, vibro-press with hydraulic pulse drive in the
closed type press-form and on rolling installation with hydraulic pulse drive [2]. In such cases the analysis is
conducted with consideration of the conditions

Pi 2%, Ei +Z;n=1Ej < Ea; m; +Z§-”;1mj < Mmy;
Vi +Z;Z1V] < Va; Li + kL Z;nzlL] < La; VVl + kWZTﬂWJ < Wa; (3)

Hi + kH Z;’;lH] < Ha; Hi.i < Hip; Hfl < pr; 1<i<n

where m —the number of preliminary dehydration stages; ki, kw, kn — coefficients of increase of general
dimensions of dehydration technological complex, that consider distances between machines for preliminary
dehydration stages; H;, Hs,, — intermediate values of initial and final humidity that should be provided at the
preliminary dehydration stage. An additional check-up of a possibility of realization of optimal loading
parameters for the selected equipment of the preliminary stage is carried out with help of formulas (2).

In cases when necessary Hs can’t be achieved under using of mechanical methods (Hs = 8 + 10%) then
for the final stage should be selected a thermal dehydration method and a corresponding equipment for its
realization.

If mass mq can’t be dehydrated with of one unit of equipment there is need to select several more units
of this equipment by conditions

Pp = %; Ep<E;; mip<mgyVip<V,; Likip<Lg
WlkWp < Wa; Hika < Ha; Hi.i < Hi Hf.i < pr; 1<i< n, (4)
where p — number of the units of equipment.

P

5. Conclusions

1. Existing classifications of methods and equipment for dehydration of damp dispersive materials are
incomplete and don’t allow to use these classifications for automated analysis and well-founded selection of
the most effective variant of technology of processing with consideration of real conditions of concrete
enterprise and physical-mechanical characteristics of processed material.

2. There is proposed an improved classification of methods and equipment for dehydration of damp
dispersive materials that can be used for systemized analysis of advantages and disadvantages of the methods
and machines.

3. A block-scheme of an algorithm of automated analysis of methods and equipment for dehydration
of damp dispersive materials is presented in the work. The elaborated classification and the algorithm allow
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on a base of information about available equipment for dehydration, processed material, concrete conditions
of real enterprise of food industry and demands of production task to select admissible and the most effective

variants of a processing technology with consideration of the criterions: productivity, energy efficiency, ,
specific consumption of materials of equipment and final humidity of processed material.
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KJACUDIKALIS TA AHAJII3 METOAIB I OBJJAAHAHHSA 1J1s1 3SHEBOJHEHHS BOJIOT'HX
JUCHEPCHUX MATEPIAJIIB

3Hegoonen s 80102UX OUCNEPCHUX MAMeEPIanie € WUPOKO NOUUPEHOIO SPYROIO NPOYecie y Xapuosiil
ma nepepobHiti npomucnogocmi. 30kpema, 00 yici epynu HaaexHcamv Npoyecu Cenapy8amHs 60A02UX
oucnepcHux 8i0x00i8 Xapyoux NIONPUEMCME (CNupmosoi dapou, NueHoi OpobuHu, OYPIKOBO2O HCOMY),
Kag808020 Ma AYMIHHO20 winamy) Ha meepoy ma pioxy gasu. Ha binvuiocmi xapuosux nionpuemcms Ykpainu
Yi 8I0X00U 3MUBAIOMBCSA HA 3eMII0 AOO Y HAUOIUNCUT 8000UMU, OOHAK Y Pa3i iXHb020 po3dinenHs meepoa gasa
MaKux mamepianie modice Oymu UKOPUCMAHA K YiHHA 000ABKA 00 CilbCbKO2OCNO0APCLKUX KOPMI8 ab0 K
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namugo. B pezyromami ModicHa 3a0e3neyumu KOMNIJIEKCHE SUDIWEeHHs 3a80aHb ymuaizayii 8i0x00is,
3ano0icanHs 300pPYOHEHHI0 HABKOIUWHBLO2O Cepedosuuiad mda OMPUMAHHS 000AMK08020 NPUOYMKY 6i0
peanizayii kopmie uu namusa. IcHye 6esniu cnocobié 3HeB0OHEHHA B0102UX OUCNEPCHUX Mamepianie, AKi
MOJICHA PO30IIUMU HA KiIbKA 2PYN: MEXAHIuHi, mepMiuHi, erexmpo@izuuni, 0iono2iuni, Ximiuuwi ma
KoMOIHOGaHi. Y cmammi npedcmasieHo 800CKOHANEHY KAACUPIKAYIHD OCHOBHUX MemOoOi6é 3HEBOOHEHHS
80J102UX OUCNEPCHUX Mamepianie ma obnadHanus 015 ix peanizayii. /lana knacughixayis 00360.15€ npogecmu
Oinbw cucmemMamu308aHuli. ma OOTPYHMOBAHUL AHANI3 Hepedaz mMa HeOOoNiKie Memodis, eubpamu
ONMUMATLHUL  Memo0 3 YPAXY8aHHAM YMO8 mMd RAPAMEMpPi6 KOHKPEmHOo20 RIOnpuemcmea ma
nepepobmiosanozo mamepiany. Taxuii ananiz i 6ubip ModcHa 30IUCHUMU 3d OONOMO20I0 KOMN'IOMEPHOT
npoepamu. OOIPYHMOBAHO BUCOKY eheKMUBHICb MEXAHIYHUX MemOoO0i8 3HEB0OHEHHs 80102UX OUCNEPCHUX
mamepianie, 30Kpema mMemoody NpecysamHs Ha O0ONAOHAHHI 3 2IOpasiiuHum abo 0edaNaHCHUM NPUBOOOM.
3anpononosano 610K-cxeMy ancopummy A8MOMAMU308AHO20 AHANIZY Memoodi@ ma 001AOHAHHA O
3HEB0OHEHHSL B0I02UX OUCNEPCHUX Mamepianié ma 8ubopy 0OnyCMUMUX ma HaudiNbu eqheKmMusHUX 6apiaHmis
ix nepepobku 3a mMaKUMU  OCHOBHUMU  KpUumepisimu 5AK  NPOOYKMUBHICMb,  eHep2o8UmMpamu,
Mamepianomicmkicms 001A0HAHHS MA KiHYesd 80J102iCMb MaAmepiany, ujo nepepooIsicmvCsi.

Knrouoei cnosa: snesoOHenHs, 2iopasiiunull npec, 60102i OUCHNEPCHI Mamepianu, cenapysauHs,
NPOOYKMUBHICMb, eHepeOsUmMpamu, Kinyesd 60102iCmb.
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