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AHANI3 CNOCOBIB IHNTEHCHPIKALIL

TEN/NIOMACOOEMIHY B NMPOLECI
CYLUTHHA TA OCOBNHBOCTI
SHEBOAHEHHA TEPMONABINBHUX
OPTAHIMHUX MATEPIANIB

B cmammi npedcmasaenuil ananiz mpaouyitinux cnocobie inmencuikayii npoyecie meniomacooo-
Miny npu cywinmi mamepianis. Excnepumenmanvio dosedeno nepcnekmusnicms 3acmocyeamnis cnocooy
CYMICHUX NPOUECI8 CYuLinHs ma Oucnepzysanis 6 00HI Kamepi 3a 00NoM02010 MEXAHTUHOZ0 POMOPA NPU
inmencu@ixauii npouecy CywKu 8UCOK0BOJI0ZUX MEPMOLAOIIGHUX MAMEPIalis.

Kmouosi cnosa: cywxa, inmencudixayis, mepmoiadiivnull mamepiai, Kamepa, CyYMiCHUL npoyec,

MEXaHHULL pomop.

1. Introduction

As is known, drying is a complex process that depends
on many factors, knowledge of which is essential to the
process analysis and calculation.

The drying rate is determined by the drying process
speed that decreases and usually tends to zero as equilibrium
is approached. Drying rate depends on several factors that
indicate the complexity of real drying process, especially
in the working environment and complexity of obtaining
an adequate mathematical description. The drying process
is most influenced by the factors that define the material
as an object of drying. They characterize the material’s re-
sistance to moisture transfer inside and on its surface into
the environment, the force of moisture binding with the
material, the material’s ability to absorb heat supplied to
it. These factors include the internal structure of the mate-
rial, its thermophysical properties and the size, shape and
condition of the outer surface, the range of changes in the
moisture content of the material in the drying process [1]. In
practice, it is important to find methods of speeding up the
heat and mass transfer processes during drying of materials.

2. Analys of literature and formulation
prohlems

Traditional intensification methods of the dewatering
process in the workspace of equipment are:

— intensifying the heat and mass transfer at the con-

tact interface of phases;

— developing the contact surface of phase;

— increasing the relative velocity of the coolant;

— reducing the characteristic linear dimension of the

material;

— increasing the temperature difference value.

Also, conditions that create artificial turbulization of
the flow are used. When drying materials, the effect of
artificial turbulization can be obtained by giving rational
roughness or waviness to the surface of products if techni-
cally permissible, thus increasing the heat transfer coef-
ficient by 50—-100 % [2, 3] and the heat transfer surface.

There are methods of flow turbulization by means
of vibrations. Studies show that this can intensify the
heat transfer process for certain types of drying units.
Under vibration of the heat transfer surface in fluids,
heat transfer coefficient increases by 1,5-2 times, in the
air — by 1,5-4 times.

The vibration of the material dried, especially with small
dimensions is of great practical interest. The implementa-
tion of such vibration is possible by mechanical means
during drying of the disperse material in the layer of
moving fibers, etc. It is possible to implement vibration
of particles (that have received an electrostatic charge
during dispersion or otherwise) in the coolant flow by
applying pulsating electric fields is possible.

Moisture transfer intensification inside the material
during drying, which is an interconnected set of breaking
processes of moisture binding with the material, moisture
diffusion through the material elements, its movement
through capillaries, transport of the gas and vapor phases,
formation and rupture of polymolecular films, electrostatic
moisture bonds with the material, and other processes
is also important. Obviously, the internal transfer pro-
cesses occur the more intensively, the smaller the size
of the material dried. Moisture transfer in the material
is significantly affected by the existence of concentra-
tion fields, the direction of heat flows and temperature
fields. The main driving force of moisture transfer in
the material is a concentration gradient. Transfer can
be facilitated or hindered by thermal diffusion. Heat
supply towards moisture movement carried out by the
contact method, current conduction through the mate-
rial or elements that carry it, as well as induction and
high-frequency heating are promising in this regard.
Studies of many authors [4—6] have shown that drying
is markedly accelerated at the material temperature change
from 50 to 95 °C. They attribute this to changes in the
moisture viscosity and rupture of polymolecular films
in the material.

In the literature [7-9] there are data on the effect
of acoustic oscillations of coolant flows on the moisture
transfer in the material, caused by the pressure pulsations
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in the surface of the material that contribute to moisture
extraction from it.

Partly mentioned above intensification methods are
implemented in the chambers of combined processes.
Combined process means complex aerodynamic, thermal,
mechanical impact on the material, which causes the reduc-
tion of internal and external resistance to the transfer of
momentum, energy and mass, dramatically increasing the
integral characteristics of the process — value of volumetric
heat and moisture stress.

Chambers of combined processes are highly specialized
devices, and their choice is dictated by the structural
and physical-mechanical characteristics of the materials
processed.

There are the following ways to implement the chambers
of combined processes: mechanical dewatering and drying,
drying and grinding, drying and granulation (of solutions,
suspensions, melts, thermogranulation of powders), drying
and encapsulation, drying and heat treatment, drying and
trapping, as well as with simultaneous chemical reactions.

An example of a multifunctional device with controlled
fluid flow may be a device with counter-swirling flows,
designed for drying with the simultaneous dust collection,
drying and heat treatment, dewatering and granulation,
as well as for other chemical processes (absorption, con-
ditioning, desorption) [10—15].

As is known, the drying process begins when the pres-
sure difference over the body surface and in the envi-
ronment and the temperature difference, which provides
heat supply to change the physical state of moisture are
formed. Upon heat supply, the wet body is warmed, the
partial pressure of the vapor over its surface increases
and moisture evaporates. Herewith, the body temperature
rises to a certain value (wet-bulb temperature), which
depends primarily on the temperature and partial vapor
pressure in the environment. This temperature remains
virtually unchanged while evaporation occurs from the
body surface and is not limited by the rate of moisture
supply from deep layers. The rate of moisture removal
from the body is determined only by the conditions of the
heat supply thereto and moisture vapor removal from its
surface. Conditions of moisture supply from deep layers
to the material surface in this period do not affect the
process, drying speed is determined by the heat supply
rate and is constant at a stable mode. The drying period
with constant moisture removal rate and the material tem-
perature is called the first period. In most cases, any heat
supply intensification in it is appropriate and secure since
this increases the process speed while maintaining safe, in
terms of quality, temperature of the material that can be
implemented in the chambers of the combined processes
using the mechanical rotor during drying of thermolabile
high-moisture materials.

As the moisture near the surface layers of the material
is removed, the drying process begins to be limited by
the rate of moisture supply to the surface of evapora-
tion from deep layers. At first, evaporation takes place
from the material surface at constant deceleration and
a gradual increase in the material temperature. Further, as
the moisture movement rate decreases, evaporation zone
begins to move from the surface into the depth of the
material and a sharp increase in its surface temperature
occurs. This period is called the second period of drying.
From this point on, the temperature of the material sur-

face layers increases more intensively, moisture removal
is significantly reduced, and, most importantly, surface
layers of the material overdried, which have an increased
temperature appear.

The speed of this drying period is determined by dis-
turbances in moisture binding with the material and its
transfer. Thus, to speed up drying, these processes need
to be intensified.

There are several ways to intensify the second drying
period to overcome diffusion and heat resistance of ma-
terials. These include high-frequency current drying [16],
discharge pressure drying, oscillating drying regime [17].

Structural analysis of combined process plants has
shown that in order to implement active hydrodynamic
regime in the chamber when processing high-moisture
thermolabile materials such as chicken manure, sludge
after fermentation process and so on, using a mechanical
rotor, rotating along the chamber axis is the most advi-
sable. This leads to the formation of a weighted layer of
the material, separation of large pieces, gas flow swirling,
reduction of adhesion to working surfaces of the chamber,
constant renewal of the heat transfer surface.

3. Object, purpose and task of the
investigation

Analysis of methods to increase the materials drying
rate, mentioned above has shown that along with the
intensification of thermal effect on thermolabile material,
it must be dispersed into small-size elements, which is
appropriate in the same chamber. This will allow to ar-
tificially maintain the material surface temperature close
to the wet-bulb temperature, thereby reducing finding the
material in the second period to a minimum.

The object of study is heat-mass transfer processes
in the chamber of units of combined processes of drying
and grinding.

The purpose of work is studying the method of selec-
tion of intense heat and mass transfer processes in the
chamber of combined drying and grinding by mechanical
rotor dehydration of high-heat-sensitive organic materials.

The main objectives of the study:

1. Literature review with analysis and synthesis of
information on the intensification of heat and mass transfer
in drying processes and the use of the process of drying
and grinding in one chamber by dewatering heat-sensitive
materials.

2. The study of heat and mass transfer processes in
the chamber of combined drying and grinding processes
with marking the main thermal and thermodynamic pa-
rameters.

3. The development of energy-saving technology of
organo-mineral fertilizers on the basis of a waste of poul-
try (chicken manure).

4. Materials and methods of research
studying the effect of particle size of
the material hy the amount of heat and
mass transfer coefficients and the energy
performance of the drying process

Experimental research, conducted by the author during
processing of such materials (green mass, organic sludge,
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poultry waste) confirms that the simultaneous dispersion
of the material into sizes from 1 to 3 mm with its dry-
ing allow to reduce the residence time of the material
in the second period.

8. The results of studying the effect of
particle size of the material hy the
amount of heat and mass transfer
coefficients

The effect of the spherical shape of the boundary layer
on its thickness and <equivalent» thermal conductivity
will be the greater, the smaller the streamlined diameter
of the spherical part. During the heat emission of the
spherical part of thermal conductivity into the infinite
environment, dimensionless heat transfer coefficient Nu
has the minimum possible value, equal to a constant 2.

In the flow around of these parts, the Nu criterion
is determined from the expression [2]. The results are
shown in Fig. 1.

around the part, leading to the constancy of the coef-
ficients o and B (Fig. 1).

At the same time, the reduction of the characteris-
tic linear dimension of the material particles favorably
influences the internal transfer rate, which is proportionally
dependent on the dimension of the particle (Bi) — the
internal resistance of heat- and moisture conductivity
decreases.

The size range of the parts, which is of interest for
research (an area highlighted in Fig. 1) is characterized by
high specific values of the contact surface f, low specific
heat energy consumption (q7) per 1 kg of moisture evapo-
rated and, most importantly, low specific electric energy
consumption (g.) for the organization of such an active
aerodynamic environment. In addition, operation in this
size range of parts is of interest in terms of controlling
the amount of removal of the parts from the working
volume of the chamber.

The author has experimentally proved the possibility
to obtain the following orders of magnitude:

— the heat transfer coefficient within 900-
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Fig. 1. A change of the criteria from the characteristic dimension of the material particle:
1 — Nusselt criterion; 2 — Bio criterion; 3 — heat transfer coefficient o, W/(m?- °C);

4 — mass transfer coefficient B, kg/(m?- hr- atm).

6. Discussion of the results of the effect
of particle size of the material hy the
amount of heat and mass transfer
coefficients

As characteristic linear dimension of particles decreases,
differences in the values of thermal resistance, resulting
from the existence of molar and molecular transfers (in
the boundary layer and integral, caused by convection
exchange) are reduced, external energy and mass transfer
rate is equally dependent on the reduction of the charac-
teristic linear dimension of the particle, which reduces
the influence of the molar transfer on the total rate of
external energy and mass transfer (Nu, Sc).

Integral heat transfer characteristics — coefficients o
and B — are equally dependent on both the rate of mo-
lecular transport in the boundary layer, and the active
aerodynamic environment in the chamber — the speed
difference of the coolant and part of the material. Thus,
the speed difference reduction is compensated by the
curvature and thickness decrease of the boundary layer

is organized in the same chamber will allow
to artificially maintain the material surface
temperature close to the wet-bulb temperature,
thereby reducing finding of material in the
second period to a minimum.

The resulting approximate thermodynamic parameters
indicate the promising nature of using simultaneous drying
and dispersion chambers in the processing of thermolabile
materials.

The results of the author’s work can be used in the
design of energy-efficient drying equipment for production
lines to process thermolabile organic materials.
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AHAJK3 CNOCOBE0B MHTEHCHPHKALMH TEN/NOMACOOEMEHA
B NPOLECCE CYLUXH H OCOBEHHOCTH OBE3BOMMBAHHKA
TEPMONIABUNBHBIX OPFTAHHYHBIX MATEPHAOB

B crarbe Mpe/cTaBieH aHAIN3 TPAAUIIMOHHBIX CIOCOO0B MHTEH-
crGUKAIMT TTPOIECCOB TEMIIOMAcO0OMeHa TIPH CYIITKe MaTePUAIOB.
DKCIePUMEHTAIBHO JIOBE/JICHA MEPCIEeKTUBHOCTD MCIOJIb30BAHUS
crocob6a COBMEIIEHHBIX MPOIECCOB CYNIKM W [IUCIEPrHPOBAHUS
C TIOMOIIBI0 MEXaHM4YeCKOTO POTOpAa MPHU MHTEHCH(UKAINN TPO-
[ecca CyUIKHM BbICOKOBJIQKHBIX TEPMOJIAOUIBHBIX MaTEPUAJIOB.

Kmouessie cnosa: cynika, MHTEHCH(DUKAIKS, TEPMOIAOUIbHBIIT
MaTepHuas, KaMepa, COBMEIeHHBII TTpoliece, MeXaHn4eCKuii poTop.
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ONTHMI3ALIA TrPAHYIOMETPHYHOI'O
CHAALY NEPHKNA30BOro BETOHY

3 BUKOPUCTANHAM CUMIEKC-2PaMmUacmozo Memooy Niany8anus excnepumenmy 0ociioieno eniug
ZPAMHYIOMEMPUUHOZ0 CKAAOY OEMOHHUX CYMIWE, SKI MICMAMY 6 AKOCMI 3aN08HIEAUA BMOPUHHY CUPO-
euUnYy — NoOPibHeHUT OPaK NEPUKIA306UX BUPOOIE T Cneuenull NepPuKias, Ha NOKASHUKU 61ACTMUBOCTEl
nepuxIa3060z0 6emony nicis mepmiunoi 06pooxu. Onmumizosano panyioMempuunull ckiad nepuKia-
306020 6emony Ha 2i0pasiiuHoOMy 6 IHCYUOMY — CYMIUL NEPUKIAZ08020 T KATLUTL-ATIOMIHAMHO020 YeMEeHMY,
axuil 3abesneuye JocszHeHHs: KOMNIEKCY 3a0aHUX NOKA3HUKIE eracmueocmetl 6emony.

Kmovosi cnosa: 2panyiomempuunuil Ckaao, Nepuxiazosuil 6emon, 3ano6HI06a, 2iopasiiune 6 sicyye,

NOKASHUKU 8]1ACMUBOCMEL.

1. Beryn

CyuacHa KOHIIENIis PO3BUTKY BOTHETPUBKOI rajy-
31 crpsgMoBaHa Ha KOMILJIEKCHE BUPIIIEHHS 3ajad I[0J0
pallioHaJbHOIO BUKOPUCTAHHA CUPOBUHHUX MaTepialiB,
3HMJKEHHS NAJWBHO-EHEPTETUYHUX 1 TPYMOBUX BUTPAT
3a yMOB 3abe3lle4eHHs IBUIIEHOr0 €KCILIyaTaliiHoro
pecypcy BOTHeTpPUBiB y (yTepoBKax arperatiB pizHOTO
(ynakmionaspaoro npusHauenus. EdextruBaum HampsaMrom
peasizailii 03HaYeHUX 3a/la4 € BIPOBAKEHHS TEXHOJIOTIN
BUTOTOBJIEHHST He(hOPMOBAHMX MaTepiasiB, 30KpeMa BOTHe-
TPUBKHX OETOHIB, sIKi 3aCTOCOBYIOTBHCSI JIJIsi BUTOTOBJIEHHSI
MOHOJIITHUX (hyTepOBOK, GJIOKIB, TTaHesell i BUPOOIB CKaj-
HO1 reoMeTpuYHOI KoH(Dirypariii. Cepe/l MIMPOKOTO CIEKTPY
BOTHETPUBKMX GETOHIB HAUOIJIbII BUCOKOK BOTHETPUBKICTIO
Ta CTINKICTIO 10 XiMiYHOI B3a€MO/Iii 3 arpeCUBHUMHU KOM-
[MOHEHTAaMU cepefoBuIa (PO3IIaBaMKu MeTasliB i MIJIAKiB,
rasiB) XapakTepUsyHTbCsl MarHesiajbHi OETOHM,I0 SIKMX
BITHOCSTHCS MEPUKIA30Bi OETOHH, 110 MICTATH TToHaL 85 %
MgO i menmre 6 % CaO [1-3]. Bucoka 3HOCOCTIHKiCTD

MEePUKIA30BUX OETOHIB 10 KOMILJIEKCHOI Aii pyiHYy04nX
axropis 06yMOBHJIa IX BUKOPUCTAHHS Y (DyTEPOBKAX TEILIO-
BUX arperariB 4OpHOI Ta KOJIbOPOBOI MeTaJsyprii, XiMidyHOI
Ta 1EMEHTHOI IPOMMCJIOBOCTI, a came, Ile4ell 3 BUCOKUM
BMICTOM CipYaHMX ra3iB y IMIYHOMY IPOCTOPi, MPUCTPOIB
NpU3HAYEHUX [IJI TPAHCIOPTYBAHHS DPO3IJIABIB MeTaly,
GopM g JTUTTS THUTAHBMINIYIOUMX METAJiB Yy BaKyyMi,
BUCOKOTeMIIepaTypuux ¢biasrpis Tomo [1, 2, 4, 5].

Jljist BUTOTOBJIEHHSI IEPUKIA30BUX GETOHIB BUKOPHCTO-
BYIOTh 3allOBHIOBaui (cliedeHuil nepukias, Opak BUPOOIB
i JIOM MarHesiaJIbHUX BOTHETPUBIB) i B'sKyde, sSIKe MICTUTD
MepUKJIA30BUN 1eMeHT i XiMiuHi 3B’SI3KM Ta 3a XiMiKO-
MiHepaJbHIM CKJIQJIOM HOJIJISEThCS Ha TiApaTaIliiiHi, CyJIb-
aTHo-xMOpPUAHI, cunikaTHi, pocdaTHi Ta opraniuni [1-3].
[Ipob6iemaruka 3acTocyBaHHs1 GETOHIB Ha TifPABJIIUHUX B'si-
JKyuux (Aucrepciiina cucreMa <IepPUKIA30BUX IIEMEHT —
BOJa») MOB’sI3aHa 3 YTBOPEHHSIM TiApoKcuay Maruio (6py-
CUTY), IO CYIPOBO/KYETHCSI PO3NYMIEHHSIM CTPYKTypHU
KOMITO3UIIMHOTO MaTepialy Ta MOTipHIEHHSIM MeXaHiuHOi
MiIHOCTI GETOHY B TPOIIEC] TBEPIIHHS i B yMOBAX TEPMid4HOTO
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