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ABSTRACT.

A mathematical model of the liquid film evaporation process on a solid spherical
granule is presented. Numerical calculation of the mathematical model of the process
of evaporation of the liquid film from the heated spherical granule in the air flow is
carried out.

KEY WORDS: evaporation, ammonium sulfate, crystallization, mathematical model
AHOTAIIIA.

Hageoeno mamemamuuny moodenv npoyecy 6unapo8yeaHHs pIiOUHHOI NII6KU HA
meepoiti cepuuniii epanyni. llposedenuti yucio8uii po3paxyHox MamemamudHoi
MoOeli npoyecy 8Unapo8y8anHs pIOUHHOI NAI6KU 3 HaA2pIMoi chepuyHoi epamyiu y
nomouyi nogimpsi.

KIIFOY90BI CJIOBA: sunaposysanns, cyavgham amoHilo, Kpucmanizayis,

MamemamuiHa Mooeb

The process of crystallization of heterogeneous solutions in the case when the
driving force is the difference in the concentration of solute is achieved by removing
the solvent from the solution, usually by evaporation [1-4].

In the general case, the mathematical model describes the processes of heating,
evaporation and crystallization of the liquid film on the surface of the granule in each
period of the dehydration process. Therefore, the mathematical model is divided into
evaporation and heating of the solution film on the surface of the granule in the first
and second period, when the film has no phase transition, in the case when the

concentration of solute is less than the saturation concentration ¢s < Csar.
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The process of evaporation of the film on the surface of the granule is

considered in a spherical coordinate system (r, 8, @), the center of coordinates is in
the center of the granule, (Figure 1). It is assumed that due to spherical symmetry the
parameters of the liquid phase inside the liquid film and the parameters of the state of
the surrounding gaseous medium do not depend on the angular coordinates 6 1 ¢.
Heat and mass transfer occurs only in the radial direction, which allows to solve the
problem in one-dimensional formulation.

Mathematical modeling of the dehydration process is significantly complicated
due to changes in the geometry (thickness) of the film during evaporation, which
requires the use of more energy-intensive calculations. The offered mathematical
model on the basis of the equation of heat balance allows to simplify calculation of
mathematical model of processes of dehydration, change of thickness and
temperature of a film [4, 5]. To do this, we assume the assumption of a small
temperature gradient 07/0r = 0. The scheme for the mathematical model is shown in

the figure 1.

\ J, =-dm  /dt

AI‘H

m,(t)=mg+m, (1)

\
\ m,=const
\ \
R(®)
- r

Rgr( ) o I 773,
c = .
R(t,) S om(v)

R(r=0)

Figure 1 — Scheme for calculating the mathematical model
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The following are the equations describing the process of evaporation of a

layer of aqueous ammonium sulfate solution on the surface of a solid spherical heated
granule with an initial radius Rgo in the first period of drying without taking into
account the phase transition in which the limiting stage is the growth of the internal
resistance of mass transfer.

The mathematical model consists of a system of simple first-order differential
equations. The mass transfer during evaporation between the liquid film on the
surface of the granule and the external environment is described by equation (1),
equation (2) describes the change in the radius of the film, (3) — change in film

temperature during evaporation and (4) — solute concentration:

dm _
JW:_d_Tf:AI.ﬂ_RZ-kM(psat(];’Cs)_pvoo)’ (1)
dR(r) 1 dm, o
dr 47rR(T)2 p,(T,c) dr
dm
de B 47Z-Rgr0/11 '|:Tgr _Tf(T):| + 47Z-R2agl |:Tg _Tf'(z—):| _7; ' |:L o Cple (T):| 3)
dr m,(7)-C,,
dc d
A )
dr mf(r) dr

With the following initial conditions:

ny (0)=m,qi R, (0)=R

wos Tr(0)=Tp5 ¢,(0)=c,,

The numerical solution of this model using the Euler method according to an
explicit scheme was performed in the Mathcad software environment. To compare
the results, a calculation was performed for two options, to establish the effect of
convective heat transfer from the environment and thermal conductivity from the

heated pellet. The initial data for the calculation are shown in table 1.
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Table 1 - Initial parameters

Parameter Unit of
Calculation 1 Calculation 2
measurement
The initial temperature of
_ °C 20
the solution
Air temperature °C 30 150
The temperature of the
°C 95 95
granule surface
The diameter of the granules m 2:10°
The thickness of the film at
m 2-10*
the initial time
Average air flow rate m/s 1,5
Relative humidity % 35
Initial relative mass
. % 0,4
concentration

Numerical calculations were performed for a spherical granule with a diameter

of 2 mm and a liquid film thickness of 0.1 - dg at the same initial temperature of the

solution film, which is 20 °C and the same average air flow rate of 1,5 m/s.

The obtained results of the calculation of the mathematical model indicate a

significant influence of the convective component in the overall balance of heat

provided in the film. The duration of the process of evaporation of the film at ambient

temperature 7, = 30 °C more than 6 times the evaporation process at air flow

temperature 7z = 150 °C. The obtained calculated results are shown in Figure 2.
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Figure 2 — The results of mathematical modeling

Conclusion. A mathematical model of the process of evaporation of a thin
liquid film on a heated spherical granule is formulated. The obtained calculations of
the mathematical model require further comparison with experimental data to
confirm the adequacy of the mathematical model. Also in the future in the
mathematical model it is necessary to take into account the crystallization when
reaching the concentration of supersaturation (c¢s > csa), as a result, the limiting factor
become the internal diffusion resistance of mass transfer.
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ABSTRACT. The study of the process of convective drying of melon varieties
Titovka and Valencia was carried out, energy-saving stage dehydration regimes were
determined.
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KIHETUKA KOHBEKTUBHOI'O 3BHEBOJAHEHHA IIJIOAIB IWUHI
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AHOTAIIA. [lposedeno 0ocniodxcenHs npoyecy CYWiHHA OUHI COpmMis
"Tumosxa" ma "Banewncia", eusnaueno enepeosbepicaroui cmaoilni percumu
3HEe8OOHEHHSI.

KJTFOY90BI CJIOBA: CTAJIMHE 3HEBOJHEHHS, CYIIIEHI POCJIMHHI
MATEPIAJIU, IUHSA, EHEPTOE®EKTUBHICTD.

Melons are traditionally grown in the eastern and southern regions of Ukraine.
After the melon is harvested, so-called "waste" accumulates in the form of pulp left
over after the seeds have been removed, as well as non-standard and unsold products
(25 to 40%). Waste is a source of organic and microbial pollution. Drying is a
common process in the technology of storage and processing of agricultural raw
materials.
The main requirements for the process of drying melon fruits are intensity,
efficiency, ensuring the most complete preservation of natural components of raw

materials.
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The purpose of the work is to develop energy-efficient modes of dehydration

of melon fruits and its parts with maximum saving of natural nutrients of raw
materials.

Objects, equipment and research methods. Titovka and Valencia melons, cut
into 1.5...2.5 mm thick specimens, were selected as the object of the study.
Establishing the laws of convective drying was carried out on an experimental stand
with a system of automatic collection and processing of information based on the
program "Sooshka".

Results. Comparative analysis of kinetic and velocity characteristics of moisture
exchange kinetics at the parameters of the drying agent ¢ = 95...70 °C;
V=2 m/s; d =10 g/kg of dry air proves (Fig. 1) that dehydration of melons takes
place in periods of constant and decreasing speed. At the stage of heating, the drying
rate increases to its maximum value of 10.8 %/min and remains constant until the
material reaches the critical absolute humidity W* = 835 9%, then the rate of
dehydration of melon material gradually decreases (Fig. 1, a). The use of high
temperature in the first stage of drying has a positive effect on the kinetics of
moisture exchange, intensifying the process and reducing its duration. The use of
staged mode prevents undesirable changes in the parenchymal material of melons and
the destruction of thermolabile raw materials, because after reaching a material
temperature of 59.5 °C (Fig. 1, b) the temperature of the drying agent was reduced
from 95 to 70 °C and maintained at this level until drying [1, 2].

Dried melon meets the requirements developed by us TU U 15.3- 05417118-
038: 2010 ,,Dried melon”. It is used throughout the year in the system of health
nutrition as an independent high-vitamin product or as an ingredient in the

preparation of various dishes.
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Figure 1 - Curves of kinetics of convective drying of melon (a), temperature of heat
carrier and material (b): 1 — kinetics of drying W* = f{t); 2 — drying speed
dW¢/dt = f(W°); 3 — coolant temperature; 4 — temperature of the outer layer of the

material; 5 — temperature of the inner layer of the material [1, 2]

Conclusions. Based on the results of theoretical and experimental research, the
technological process is optimized, energy-saving staged regimes of melon fruit
drying are substantiated. Under these modes, the temperature of the material during
dehydration does not exceed the maximum allowable value and provides a high
degree of saving of the natural composition of raw materials, intensification of the

process, reduction of energy consumption up to 25%.
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Abstract: Modernization of the vibrating conveyor dryer with infrared
emitters by changing the design is proposed. This increases the efficiency of moisture
removal by bringing the convective component to effectively update the surface to
increase the driving force for mass transfer.
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MOJEPHI3AIIIS PAJIAIIMHO - KOHBEKTUBHOI YCTAHOBKHU

JUJISA CYINIHHA HEOJITY

acmipant Kymnipyk B. M., nouent HoBoxat O. A.
HaunionajbHuil TeXHIYHUN YHiBepcUTEeT YKPaiHU

«KuiBcbKui noJriTexHiyuui iHcTutyT iMeHi Iropst Cikopcbkoro»

AHoTamis: 3anponoOHOBAHO MOJIEPHI3AIlII0 BIOpAIIfHOI KOHBEEPHOI CyIIapKU
3 1HGpayepBOHUMHU BHUIPOMIHIOBAYaMU, HUISIXOM 3MIHM KOHCTpYKIii. [Ipu npomy
M1JIBUITY€ThCS €(DEKTUBHICTh BUAAICHHS BOJIOTH, IIJISIXOM M1JIBEICHHS! KOHBEKTUBHOI
CKJIaJIOBOI I €PEKTUBHOTO OHOBJICHHS MOBEPXHI JIJIs1 30UIbIIEHHSI PYIIIHHOT CUITU
0 MacoOOMIHY.

Karwuosi caosa: IIEOJIIT, IHOPAYEPBOHE BHIIPOMIHIOBAHHAI,
PAJITAIIIMHO — KOHBEKTHMBHE CVIIIHHS, BIFPAIIMHA KOHBEEPHA
CYUIAPKA.

Vibrating conveyor dryer with infrared emitters belongs to the heat and mass

transfer technology and can be used for drying bulk materials, as well as grain and
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seeds of crops in food, pharmaceutical, microbiological, chemical and other

industries.

The closest in technical essence to the claimed utility model is a vibrating
conveyor dryer with infrared emitters [1], which contains a mechanical vibrator,
conveyor for moving bulk products, sections of infrared emitters, loading and
unloading neck. Contains a deformed conveyor surface and an eccentric shaft with
counterweights on the spring-loaded support units of the drive roller. The
disadvantage of this dryer is that it does not effectively remove moisture from bulk
materials, has a small driving force for mass transfer

The task for the modernization of the installation is solved by installing a fan
on the side of the dryer, which supplies hot air to the air duct. The air duct is
connected to the top of the dryer and to the side, opposite the conveyor belt and the
material.

The modernized installation of the zeolite drying process is presented on

Figure 1.

~
-

’\
|

1 - the leading roller; 2 - support roller; 3 - conveyor belt;
4 - zeolite; 5 - infrared emitters; 6 - eccentric shaft;
7 - support unit of the vibrator; 8 - platform, 9 - elastic element,
10 - counterweights, 11 - air duct, 12 - air blast, 13 - ventilation shaft.

Figure 1 - Modernized installation of zeolite drying process

16



30ipHuKk Te3 nonosineit XXII MizkHapoAHOI HAYKOBO-NIPAKTHUYHOI KOHQepeHIlii CTy1eHTiB,
acnipaHTiB i MoJioAnX BYeHUX ~PecypcoeHepro3odepiraryi TexHoJ10rii Ta 00JaHaHHA”

Vibrating conveyor dryer with infrared emitters consists of a master and

support rollers 1 and 2, which are fixed conveyor belt 3 for moving products 4.
Above the belt in its movement are four infrared emitters 5. Eccentric shaft 6 rests on
the support node on the platform 8, which through the elastic elements 9 is connected
to the installation frame. Counterweights 10 balance the inertial forces in the
kinematic vibrator. Rollers 1 and 2 with support units are attached to the frame of the
dryer, which rests on the vibrosupport. A air blast 12 is installed on the side of the
dryer, which supplies hot air to the air duct 11. The air duct is connected to the top of
the dryer and on the side. Warm moist air passing the material enters the ventilation
shaft 13.

Therefore, such a change in the design of the dryer allows to reduce the

moisture content in the bulk material, which increases the efficiency of its work.

References:

1. Palamarchuk I. P., Bandura V. M., Palamarchuk V. I., "Vibrating
conveyor dryer with infrared emitters". Ukraine, IPC (2014.01) F26B 17/00, BO1J
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ABSTRACT. The effect of temperature, speed and moisture content of the
drying agent on the kinetics of dehydration of peppermint has been studied. A
significant dependence of the duration of the drying process on the heat and humidity
parameters of atmospheric air was revealed. To create controlled heat and moisture
drying conditions, it is proposed to dehydrate spicy-aromatic plants in dryers with a
closed circulation circuit using a heat-generating dehumidifying heat pump unit.
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Meta. [locaimkeHHsT TPOIECIB 3HEBOAHEHHS MPSHO-apOMATHYHUX POCIHH 3

METOI0 BHU3HAUYEHHS EHEeProe(eKTUBHUX PEXKUMIB CYIIIHHS, SKi 3a0e3MedyloTh
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MaKCUMaJlbHe 30epeKeHHs 010JI0T1YHO aKTUBHUX PEYOBUH 1 e(DipHUX OMiH.

PesyabtaTtu. IIpsHO-apoMaTHyHl POCIMHU BHKOPUCTOBYIOTHCS IJIsl 0aratbox
LN K JIIKyBaJIbHI 3aCO0U, IPUIIPABU, apOMATU3aTOPH, OAPBHUKU TOLIO.

BaxnuBuM eTtamom B mpolieci 3aroTiBil MPSHO-apOMATUYHOI CHUPOBUHHU €
cyuriHHs. JIJisi BU3HAUYEHHS TPAHUYHO JOMYCTUMOI TEMIIEpaTypu CYIIIHHS HPSHO-
apoMaTU4YHOI CUPOBUHU, IO MICTUTH €dipHI 0Oii, MpoaHaTI30BaH1 EeKCIIEPUMEHTAIbHI
JaHl IIOAO0 BIUIMBY TEMIEpPAaTypyd Ha BMICT apOMAaTHUYHUX pEYOBHH. Tak, mHpH
MIJBUILIEHH] TEMIEPaTypH CYIIIHHS PIi3KO 3HUKYETbCS BMICT €(QIpHOi OJIii, TaKOX
3MiHIOeThCA ixHIM ckman. Ilpu 60 °C, BinOyBarOTbCS HE3BOPOTHI 3MIHM B
KOMMOHEeHTax e(ipHux oaiil pociauH. ToMmy Temmeparypa CyUIiHHS MPSHO-
apoOMaTHYHOI CUPOBHHU He noBuMHHA nepeunryBatu 3045 °C [1].

JlocnmipkeHU BIUIMB TEMIIEPAaTypH, IIBUAKOCTI Ta BOJOTOBMICTY CYIIMJIBHOIO
areHTa Ha KIHETHKY 3HEBOJIHEHHS TpaBu M’ sTU [1]. BusiBieHa cyTTeBa 3aleXHICTb
TPUBAJIOCTI MPOLIECY CYUIIHHS BIiJl BOJIOTOBMICTY aTtMoc@epHoro mnoBitps. Jlius
CTBOPEHHS  KOHTPOJIBOBAHMX  yMOB  CYIIIHHS  M’STH  Ta  MiABUIICHHS
€HEpProe()eKTUBHOCTI MPOLECY 3HEBOJHEHHS 3alPOIIOHOBAHO BUKOPHCTOBYBATH
KOHJIEHCALIMHUIA METOJ CYLIIHHS 3 3aCTOCYBAHHSIM TEIJIOBOTI'O Hacoca.

BucHoBkn. Po3poOneHi eHeproepexkTHBHI PEKUMH  CYUIIHHS  IPSHO-
apOMaTUYHUX POCIIMH 3 NEPEMIHHUM CTYIEHEM OCYIUEHHS CYIIUJIBHOTO areHTa, npu
AKUX TEMIIepaTypa MaTepiajly He NEePEBUIIY€E TPAHUYHO JOIYCTUMY JJIS 1TaHOTO BUY
CUPOBUHHU, & BTpATU apoMary He mnepeBuinyroTh 20-25 % BiJl BUXIIHOI CUPOBHHH.
3acToCyBaHHS TEIUIOBOTO HACOCY J03BOJISI€ 3HU3UTU IMUTOMI BUTpPATU €HEPrii Ha

cyuiHHg B 1,5-2 pasu.

IepeJiik mocuyIanb:
1. Cuexkin FO0.®., Jlabixxa H.O., Manamyk H.C. Enepropecypcoz0epiratoui
TEXHOJIOT1i 3HEBOJHEHHS JIIKAPCHKUX Ta MPSTHO-apOMATHYHUX POCIUH. Tennogizuxa

ma Tennoenepeemuxa, mom 43 Ne 4 (2021), cm. 7-16.
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ABSTRACT. The effect of temperature, speed and moisture content of the
drying agent on the kinetics of dehydration of peppermint has been studied. A
significant dependence of the duration of the drying process on the heat and humidity
parameters of atmospheric air was revealed. To create controlled heat and moisture
drying conditions, it is proposed to dehydrate spicy-aromatic plants in dryers with a
closed circulation circuit using a heat-generating dehumidifying heat pump unit.
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Menno80I02ICHUX YMO8 CYUIIHHS 3aNPONOHOBAHO 3HEBOOHIO8AMU NPAHO-APOMAMUYHI
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The purpose of the work. Research of dehydration processes of spicy-aromatic
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plants in order to determine energy-efficient drying regimes that ensure maximum

preservation of biologically active substances and essential oils.

Results. Spicy-aromatic plants are used for many purposes as medicines, spices,
flavors, dyes and more.

An important step in the procurement of aromatic raw materials is drying. To
determine the maximum allowable drying temperature of aromatic raw materials
containing essential oils, experimental data on the effect of temperature on the
content of aromatic substances were analyzed. Thus, with increasing drying
temperature, the content of essential oil decreases sharply, and their composition also
changes. At 60 ° C, there are irreversible changes in the components of essential oils
of plants. Therefore, the drying temperature of spicy-aromatic raw materials should
not exceed 30-45 ° C [1].

The effect of temperature, speed and moisture content of the drying agent on the
kinetics of dehydration of mint grass has been studied [1]. A significant dependence
of the duration of the drying process on the moisture content of atmospheric air was
revealed. To create controlled conditions for drying mint and increase the energy
efficiency of the dehydration process, it is proposed to use the condensing method of
drying using a heat pump.

Conclusions. Energy-efficient drying regimes for spicy-aromatic plants with a
variable degree of drying agent drying have been developed, in which the material
temperature does not exceed the maximum allowable for this type of raw material,
and aroma loss does not exceed 20-25% of raw material. The use of a heat pump can

reduce the specific energy consumption for drying by 1,5-2 times.

References:
1. Cuexkin 1O.®., Ma6ixa H.O., Manamyk H.C. Enepropecypco3bepirarodi
TEXHOJIOT1i 3HEBOJHEHHS JIIKAPCHKUX Ta MPSTHO-apOMATHYHUX POCIUH. Tennogizuxa

ma Tennoenepeemuxa, mom 43 Ne 4 (2021), cm. 7-16.
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RESEARCH OF KINETICS OF DRYING OF BIOGRANULES AT THE
EXPERIMENTAL-INDUSTRIAL INSTALLATION
graduate student Novikova Yu., graduate student Petrov A.

Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The kinetics of drying of composite biogranules on an experimental-
industrial drying installation after granulation on a screw mechanical device are
presented.

Key words: sawdust, buckwheat husk, drying.

Preparation of raw materials, creation of compositions and granulation from
obsolete sludge, peat and biomass have been covered in our previous publications [1].
The biogranules were subjected to drying in an experimental-industrial drying
unit after granulation on a screw mechanical device at a coolant temperature of 80 °C.
In fig. 1 presents the results of drying on experimental-industrial drying
installation. As can be seen from Fig. 1 the nature of drying of two-component
biogranules based on obsolete sludge and peat and three-component biogranules
based on obsolete sludge, peat and sawdust at different initial humidity after 30

minutes is similar and the drying time is 150 minutes The duration of drying of three-
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component biogranules based on obsolete sludge, peat and buckwheat husks is less

than the previous ones and is 120 minutes.
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Fig. 1. Change of moisture (1,2,3) of two- and three-component granules from time to
time during drying in an experimental-industrial installation.
Mode parameters t=80°C, V=2m/s,d =6 mm:
1 - two-component biogranules based on obsolete sludge and peat; 2 - three-
component biogranules based on obsolete sludge, peat and sawdust; 3 - three-

component biogranules based on obsolete sludge, peat and buckwheat husks

Figure 2 shows the change in the drying rate of two- and three-component
granules during in experimental-industrial drying installation. The nature of the
drying speed curves is not uniform and there are jumps. In two-component
biogranules based on obsolete sludge and peat, a decrease in the drying rate from
0.42%/min to 0.29%/min at a humidity of 55%, after which the rate increases to
0.5%/min at a humidity of 35%, and then the drying speed begins to slowly decline.
In three-component biogranules based on obsolete sludge, peat and sawdust, the first
drop in drying rate is less than in two-component biogranules and is from 0.32%/min
to 0.28%/min, then the rate increases to 0.37%/min, and then slowly declining. The

drying rate of three-component biogranules based on obsolete sludge, peat and
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buckwheat husks decreases from the beginning of the process from 0.58%/min to

0.32%/min, then rises to 0.5%/min and then decreases.
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Fig. 2. Changing the drying rate of two- and three-component granules during drying
in an experimental-industrial installation.
Mode parameters t =80°C, V=2m/s,d = 6 mm:
1 - two-component biogranules based on obsolete sludge and peat; 2 - three-
component biogranules based on obsolete sludge, peat and sawdust; 3 - three-

component biogranules based on obsolete sludge, peat and buckwheat husks

When drying in an experimental-industrial drying unit at a coolant temperature
of 80 °C, the duration increases by 4 - 5 times than when drying on a convective

drying stand. This is due to the full load of the chamber and the thickness of the layer

of formed composite granules on the pallets.

References:
1. Petrova, Z., & Novikova, Y. (2021). Preparation of raw materials, creation

of compositions and granulation from obsolete sludge, peat and biomass. Ceramics:

science and life, 1(50), 14-18.
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Abstract: The installation of a shoe press is described. Features of a design
are specified. The advantages of this design are given..

KEYWORDS: PRESS, PRESSING, CLOTH, PAPER, CARDBOARD,
PAPER MACHINE.

The shoe press is a modern press as part of a paper machine (fig. 1).

ot

\2
1 — shoe press module; 2 — shoe press shaft

Figure 1 - Shoe press
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The shoe press consists of the lower shaft of the shoe press with a grooved

rubber coating and module C of the shoe press. Operating maximum possible
clamping pressure 1050 kN/m. The shoe press module C and the lower shoe press
shaft are fixed by links (front and rear) and mounted on top of each other, and the
"Clamp" or "Drain" is done by lowering the lifting inner shoe of the shoe press
module.

The shoe press also has a suction shaft (pickup), with which the canvas after
the transfer conveyor is picked up to the upper cloth and sent to capture the shoe
press. The upper cloth and lower belt are mounted on the shoe press.

The press installation of the paper machine is shown in Figure 2.

T
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Figure 2 — Press installation of a paper machine

The scheme of cloth and belt includes current-carrying, tension and auto-
correct shafts. Also on the top and bottom dress straightening rollers with adjustable
deflection are established.

Stretchings of a cloth and a belt automatic spindle type. The cloth tension
roller is installed in two tension carriages moving on running guides. The pulling

force of the cloth acting on the tension roller is transmitted from the tension carriage
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through the lead screw to the measuring device. Indications from the sensors of

tension of a cloth (belt) are deduced on the control panel.

Pneumatic car wash. The contact plate of the pendulum probe, in contact with
the edge of the cloth (belt), through the rocker arm controls the movement of the
piston of the executive pneumatic cylinder. The actuating pneumatic cylinder drives
the support lever of the cloth-correct shaft and rotates it in the direction opposite to
the displacement of the cloth (belt).

The upper part, the shoe press module, is an integrally assembled assembly
including a steel beam. This beam is equipped with a hydraulic shoe, a hydraulic shoe
piston, includes a shirt tension assembly and an oil spray. The shoe press module is a
pre-assembled shaft connected via pins to pipelines and electrically conductive
communications.

The module of the shoe press is held by the bearing support of the lower shaft
by means of two connecting links on the front and rear sides, thus, the pressure force
in the contact zone of the two shafts, in the pressure zone, is converted into internal
force. Opening and closing of all links is carried out by means of the oil-hydraulic
rotary drive.

During the operation of the shoe press, the piston on the fixed beam of the
module pushes the shoe, reaching the area of contact, clamping, between the jacket
and the stationary lower shatft.

The shoe and shirt are lubricated with oil from the oil spray system. The oil
that has passed between the shoe and the pressed shirt is removed with an oil scraper
and collected in an oil trap to return to the lubrication unit through the pipeline
together with other oil filled by internal injection.

The pressure difference between the shoe press module and the shoe press
shaft should be between 0.3 - 0.5 MPa (43.5 - 72.5 PSI), which is the norm. The oil
pressure in module C of the shoe press and the shoe press shaft is controlled by one
hydraulic unit.

The shoe press is currently a modern design and provides high performanceto
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Abstract: Ways to improve the cleaning of the press cloth are proposed. The
influence on the quality of pressing is established.

KEYWORDS: AIR CONDITIONING, CLOTHING, CLEANING,
PRESSING, PAPER, CARDBOARD.

Small fibers, filler particles, sizing agents, etc. enter the paper cloth together
with water. These particles can linger in the pores of the press cloth, reducing their
volume. The decrease in pore volume also occurs as a result of repeated compression
of the cloth in the pressing area. Therefore, over time, the permeability of the fabric
decreases, it becomes more rigid, which leads to a decrease in the width of the
pressing zone, increasing the maximum pressure in the zone and the hydraulic
pressure in the paper web. All this negatively affects the efficiency of the press.
Uneven clogging of the fabric across the width is especially dangerous, leading to the
appearance of wet streaks on the paper canvas.

Such a system is proposed to improve the process of cleaning the cloth.

To maintain the properties of the cloth in working condition, the air
conditioning system of press cloths is used. The air conditioning system consists of
two suction slotted cloths, high and low pressure sprays.

The air conditioning process includes three main stages:
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- processing of cloth for the purpose of separation of polluting particles from

fibers;

- prevention of re-connection of the separated particles with the fibers of the
cloth;

- removal of contaminants and ensuring the required moisture of the cloth
before entering the pressing area.

In the first stage, high-pressure spray is used to separate the pollutants. In the
second stage, a large amount of water is supplied by low pressure spraying. In the
third stage, the excess water together with the polluting particles is removed with the
help of suction slotted cloths.

It is impossible to allow marriage lumps to get into the grip of the press,
because this causes the appearance of melted streaks on the fabrics and leads to their
complete inoperability.

The combination of low and high pressure spraying and slotted cloth washer
will allow you to clean the press cloth. This will improve the quality of pressing

paper or cardboard in general.
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Abstract. 1t is devoted to research and analysis of kinetics of drying dogwood
fruits on a convective drying stand. Determined the duration of the dehydration
process before reaching the residual moisture value 19,5 % at the mode parameter of
the heat carrier t = 80/60 °C, v = 3,5 m/sec, d = 10 g/kg dry air.

Keywords: KINETICS, CONVECTIVE DRYING, DOGWOOD FRUITS,
HUMIDITY, HEAT-TECHNOLOGY.

JOCJIIKEHHS KIHETUKHA CYHIIHHS IIJIOAIB KU3WUJTY
(Cornus mas L.) HA KOHBEKTUBHOMY CYHIUJIBbHOMY CTEHJII
[Terposa XK.O., n.1.H., ron.Hayk.cmiBp., Cioboasuiok K.C., K.T.H., C.H.C.

Incmumym mexniunoi mennogizuxu HAH Ykpainu

Anomayia. Pobota npucBsYeHa TOCIIKEHHSIM Ta aHali3y KIHETUKH CYIIIHHS
IUIOJIB KH3WIy Ha KOHBEKTHMBHOMY CYUIWJIBHOMY CTEH[l. BU3HaueHO TpHBaliCTh
MPOIIECY 3HEBOJHEHHS /10 JOCSITHEHHS 3HAUYEHHS 3aJUIIKOBOi Bojiorocti 19,5 % mpu
pexuMHOMY MapameTpi temionocis t = 80/60 °C, v = 3,5 m/c, d = 10 r/kr c.1m.

Kniwuosi cnoea: KIHETHUKA, KOHBEKTHMBHE CYIUIHHA, IIIOJAN
KU3UJTY, BOJIOT'ICTD, TETIJIOTEXHOJIOTTI.

For several years in a row, Ukraine has maintained a high level of interest in
the production of dried fruit and dried berry products. [1]. Dogwood fruits (Cornus
mas L.) — bony, instead of seed chambers have a bone surrounded by flesh. The stone

fruits include cherries, sour cherries, plums, apricots, peaches, dogwoods, thorns,
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plums, prunes, and others. Stored poorly because they have a tender, juicy flesh, do

not tolerate prolonged transportation. The fruit is a fleshy stone 1.5 cm long, with a
color range from red to almost black.

According to a study by scientists Klimenko S.V. and Sklyarevsky M.P.:
dogwood fruit is characterized by increased biological value, but limited shelf life
[2]. Thus, according to the technical requirements - the shelf life of fresh dogwood is
7 days at room temperature 0—1°C [2].

Authors in the work [3] is noted that the most rational way of preserving fruit
and berry raw materials is drying, because the dried products slow down
microbiological processes, and the composition of nutrients and biologically valuable
substances remains close to natural [3].

For further technological use for food purposes, dogwood fruits need
preliminary preparation, they are inspected and washed. From the selected bulk
sample of fruit (10 g) determine the initial humidity according to the known standard
method "Method of drying to constant weight according to GOST 28561-90" [3]. The
test sample, after preliminary preparation, mix= 76,379 g 1 layer was laid out on a
special calico tray for drying on an experimental convective stand developed at the
Institute of Technical Thermophysics of the National Academy of Sciences of
Ukraine. After loading the sample, convective drying was carried out at the mode
parameter of the coolant t = 80/60 °C, v = 3,5 m/sec, d = 10 g/kg dry air. The system
of automatic collection and processing of information, which is provided by the
stand, registered the change in the mass of the sample, the temperature of the heat
carrier and dogwood fruit in real time.

As can be seen from Figure 1, the nature of the curve of the kinetics of drying
dogwood fruits is due to the structural and biochemical properties of the material.
The total duration of the dehydration process was 977,25 min (16 hour 29 min).
Residual moisture of the material was fixed at the level Wres = 19,5 %, that allows to

use the received product in the further technological use.
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Figure 1 — Drying kinetics and temperature curves of dogwood fruit heating.
Mode parameters of the heat carrier: t = 80/60 °C, v = 3,5 m/sec, d = 10 g/kg dry air,
hi = 10 mm. Win = 67,7 %, Wies = 19,5 %.
1 — kinetics of dogwood drying; 2 — temperature inside the dogwood fruit;
3 — heat carrier temperature.
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VIK 664.723.047
JTOCJKEHHS KIHETUKA CYIITHHSA HACTHHEBOI
KYKYPYI3U

M.H.c. BumneBcbka T.A., acnipant BumneBcbkuii B.M.

IncTuTyT TexniuHoi Tenodizukn HanioHaabHOI akagemii HAyK YKpaiHu

Anomauia. Y pobomi HasedeHa KiHemuKka CYWIIHHA HACIHHA KYKYpyoO3u
KOHGEKMUBHUM MEMOOOM.

Knrwouoei cnoea: nacinmus, KyKypyo3a, menjioHoCitl, CYUIHHSL.

RESEARCH OF KINETICS OF DRYING OF SEED CORN
Junior scientific research Vyshnevska T., graduate student Vyshnevskyi V.

Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The kinetics of drying of corn seeds by convective method is given in
the wortk.

Key words: seeds, corn, coolant, drying.

Kykypyn3a sik 3epHOBa KyJIbTypa Ma€e Xap4yoBy Ta KOPMOBY LIHHICTb. B 3epHi
KYKypyJ3u MicTUThcsa Kpoxmanb ( 60,9 — 75,6%), 6i1ka (6,3 — 19,7%), onii (3,2 —
6,4), nykpy (1,5 — 5%) ta MminepaibHuX comei [1].

I3 3epHa Kykypya3u BUPOOJSAIOTH MOMKOPH, IUJIACTIBI, OOpPOLIHO, KpYIy,
POCIIMHHY OJI110, KPOXMaJlb, TIIOKO3Y Ta 1HII MPOJAYKTH.

Benukuii BIJIMB Ha BU3HAYEHHS PEXKHUMIB CYIIIHHS KYKYpPyA3U HACIHHEBOTO
MPU3HAYEHHSI CTAHOBUTH HEBEJIMKA TEPMOCTIUKICTh OLIKIB 3apojIKa.

OCHOBHUMU HEJOJIIKaMH CYIIAPOK MPU CYUIiHHI KyKYPY/I3H €:

- HU3bKA CepeHs BUJIKICTh CYIIIHHS, 10 He nepeBuiye 0,25...0,35% 3a rog
(TpuBaicTh CyIIIHHSA NapTii KyKypya3u ckianae Big 40 go 100 ron);

- MABUIIEHI TETIOB1 BTpaTH (TerioBui KK He nepeulye 20...25%) 1 BTpatu
CYLIMJIBHOTO areHTa B HABKOJIMIIHE CEPEAOBUILE, 110 CKIaAarTh 25...30%;

- HEpPIBHOMIPHICThH CYIIIIHHS 1 HArPiBY KauaHiB 3a IIapaMH HACUITY;
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- TpPyIOHONIl BHPOBA/PKEHHS TOBHOI MeXaHi3alii 1 aBTOMaTu3aiii Io

PO3BaHTAXKEHHIO KaMep 1 KEPYBAHHIO TEXHOJOTTYHUM MPOLIECOM CYIIIIHHS;

- 3HAYHUU 00’ €M pyUYHUX Omeparlii;

- TpUBaAJUMM Yac BIUIMBY TEIUIOHOCIA Ha HACIHHA KYKypyA3u IpH
OJTHOCTOPOHHBOMY NpPOJYBaHHI, IO HE JO03BOJIA€ NpPUMNMATH TEIJIOHOCIA 3
M1JIBUIIIEHOI0 TEMIIEPATYPOIO.

ToMy mNOTpIOHO BHU3HAUUTH PEXKUMH CYIIIHHS HACIHHS KYKypyJA3ud B
€JIEMEHTApPHOMY I1api B KOHBEKTUBHIN CYIIMIIbHIN YCTaHOBLII.

B naniif poOOTI JOCHIIKYETHCS KPOXMalOBMICHA KYKYypy/A3a. 3€pHO Mae€
TOHKUHA IIap pPOronoAiOHOro €HJOCHEPMY IO pPO3TAIIOBAaHUN 10 TNEPUMETPY
3epHIBKM. OCHOBHA 4YaCTHWHA 3€pHA 3allOBHEHAa OOPOLIHUCTUM E€HJIOCHEPMOM, IIO
MpUJA€e 3€pHY MATOBUHM BIATIHOK. 3€pHO CHJIBHO BOMpAE BOJIOTY 1 B MOPIBHSHHI 3
IHIIMMH MABUJAMHU IIBUJIKO BPAXKAETHCS XBOPOOAMHU 1 HIKIAHUKAMH, CJ1a00 CTIHKe
npu 30epiranfi. 3a TEXHOJIOTIYHUMHU BIACTUBOCTSIMU 3€PHO I[LOTO MIABUIY € TaPHOIO
CUPOBHHOIO JJIsI KPOXMAaJIO-MIATOKOBOI Ta CIHMPTO-TOPUIYaHOI MPOMHUCIOBOCTI, a L€
nependayae HU3bK1 TEMIEPATYPH CYLIIHHS.

JlocmikeHHs. KIHETHMKM MPOLECY CYIIIHHS KpPOXMAJIOBMICHOI KYKYpyaA3u
MPOBOAWINCH, HA EKCHEPUMEHTATbHOMY KOHBEKTUBHOMY cTeHal [2].  [ns
JOCIIKEHHS! OyB BUKOPHCTaHUM copT KyKypya3u P 9074 13 mo4aTKkoBOIO BOJIOTICTIO
Wi = 16,3%.

BuBYEHHS KIHETHKM NpPOLECY CYIIIHHA KYKypyA3W, HE 3Ba)Kal0UM Ha pI3HI
pexumu 50, 60, 70, 80°C, TemnepaTypHi KpUB1 Ta KPUB1 TPUBAJIOCTI CYILIHHS MAalOTh
noAioHui xapakrep. Lle o3Haudae, 1m0 Bi1OyBA€THCS PIBHOMIPHUN MPOTPIB MaTepialy
1 Mpouec BUNAPOBYBAHHS BOJIOTM BIAOYBA€THCS 3 IOCTIMHOKO MIBUAKICTIO, IO

MOKa3aHo Ha puc.l.
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Puc. 1. BuiB Temnepatypu TEIIOHOCIS HA TPUBAIICTh Ta IIBUJKICTh CYLIIHHS
HaclHHA KyKypyasu  (copm P 9074) (6 =4 mm, V=3 m/c, d =10 r/kr c.1.)
ne: 1-kpuBa TpUBAIOCTI CYIIIHHS NIPpU TeMiiepatypi Teronocis 50°C;
1'-kpuBa TemnepaTypu HarpiBaHHsl MaTepiaily mpu Temieparypi Terionocis 50°C;
2- KpUBa TPUBAJIOCTI CYLIIHHS MpH TemmepaTypi temionocis 60°C;
2'-KpuBa TeMIepaTypu HarpiBaHHsI MaTtepially Ipu Temieparypi Terionocis 60°C;
3- KpuBa TPUBAJIOCTI CYIIIHHA MpU TemnepaTypi termtonocis 70°C;
3'-kpuBa TeMmnepaTypy HarpiBaHHsl MaTepiaily mpu Temieparypi temionocis 70°C;
4- xpuBa TPUBAJIOCTI CYLIIHHS MpH TemmnepaTypi Terionocis 80°C;
4'-xpuBa TemMIepaTypy HarpiBaHHs MaTepianry Mpu Temineparypi teraonocis 80°C.
XapakTep KpHUBUX IIBUAKOCTI CYIIIHHS BiJ] BIUIMBY TEeMIEpAaTypu TEIIOHOCIS
noAiOHUM 10 CYIIHHS KamuisipHO-mopucTux MarepiamiB. Ilepiog moctiitHOT
IIBUJKOCTI CYIIIHHA Ha KpPUBHMX CYIIIHHS He crocrtepiraerbes. [lporec
BUMApOBYBaHHS BOJIOTH 3 TMOBEPXHI 3€pHAa KYKYpPYI3HU BIAPIZHSAETHCS BiJ MPOIECY

BUMAapOBYBaHHS 3 BUIbHOI MOBEPXHI (puC. 2).
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Puc. 2. BB TeMnepatypu TEIIOHOCIS HA MIBUJIKICTh CYIIIHHS HACIHHA KYKYPY/I3U

(copm P 9074) (0 =4 mm, V' =3 m/c, d =10 r/kr c.11.)

ne: 1-xpuBa MIBUAKOCTI CYIIIHHS MpU TemMnepaTypi temionocis 50°C;

2- KpUBa IMBUAKOCTI CyIIIHHA MPU TeMnepatypi TermtoHocis 60°C;

3- KpuBa MIBUJIKOCTI CYIIIHHS MIPpU TeMiiepatypi Teronocis 70°C;
4- KpuBa MBHUAKOCTI CYyIIIHHA NpU Temnepatypi termtonocis 80°C.
B. A. JlanunoB [3] po3poOMB MeTOHA y3arajJibHEHHSI KpHUBUX CyIIiHHSA. BiH

MOKa3ye, 1O ICHYyE MPOMOPLINHICTS MK MIBUAKICTIO CYIIIHHS B Hepmuid nepiog N

npu OyJb-IKOMY pEXHMi 1 OOCpPHEHOI BEIWYMHOIO TPUBAJIOCTI MPOILECY Tr BIJ

MOYaTKOBOT'O BOJIOTOBMICTY Wn 10 KiHueBOro Wk, mpudomy Isi TPOMOPIIAHICTh

30epiraeTbes MpU BCIX pEKUMAX

(D

= const (2)

Ile o3Hayae, MO A8 JAHOTO MPOMIKHOTO BOJIOTOBMICTY W mHpH HE3MIHHUX

T . . . .
Wn ta Wk BenuunHa — 30€pIraeThCsl MOCTIMHOI HE3AJIEKHO Bl PEXKHUMY CYIIIHHS.

Tr
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OuiHIOYM pe3yJIbTaTh JOCHIKEHb Yy3arajJbHEHUX KPUBUX CYIIIHHS HACIHHSA

KyKypya3u meton [Janunosa B.A. 611b11 TouHO onucye mnpotiec (puc. 3).
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Puc. 3. Y3aranpHeHa KpyBa KIHETUKH CYLIIHHS HACIHHA KYKypyA3U
(copm P 9074): O —t=50°C; o—t=60°C; A—t=70°C; o—t=80°C.

Ha puc. 3 300paxeHa kpuBa CyIIIHHS HaclHHA KyKypyA3u sKa IEpeHeceHa B
cucteMy kKoopauHat W — (t/t:) Ta TpaHc(hOpMyBajach B €UHY Yy3arajJbHEHY KpUBY
CYILIHHS.

VY3aragpHeH! KpHBI KIHETMKHM CYLIIHHS HACiHHS KYKYpyJA3d 3a METOJIOM
JanunoBa B.A. rapHO cHoiBmajarOTh 3 PI3HUMHU peXKUMaMu CYIIiHHS (puc. 3).
V3aragpHeHa KpUBa CYIIIHHA MO)XXe OyTH MoOyJ0oBaHa MO OJHIM JOCIHIJHIA KpHUBIi
CYILIHHS HAaCIHHS KyKYpYI3H, OTpUMaHIi Mpu JI000My PEXHMI CYIIIHHS, 10 3HAYHO

CIIPOIIY€ MTPOBEJACHHS TOCTIKEHHS KIHETUKU CYIITIHHS.

BucHoBKH
1. [IlpoBenmeni nOCHIPKEHHS MO KIHETHIl CYIIIHHA KYKypyJI3W Ha
KOHBEKTUBHOMY CTEH]II BCTAHOBWJIM 3aJI€KHICTh BIUIUBY TEMIIEpaTypH TEIJIOHOCIS
Ha TPUBATICTh Ta MIBUJIKICTh CYIIIHHS. 30UIbIIEHHS TEMIIEpATypH TEIIOHOCIsA Bl 50
no 80°C mpuckoproe mponec B 2,8 pasiB, aje s Kpalloi CXO0XKOCTI Marepiaiy

Halikpaiie cymutu npu temneparypi S0°C.
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2. IloOynoBa y3arajJbHEHOI KpHUBOI CYIIIHHA HACiHHS KYKYpYyJA3U 32 METOJIOM

HaninoBa B.A. nmoka3sye, mo ajs J1000ro pexxumy CYIIiHHS BIANOBIJA€ OHA KpHUBa

CYIIiHHS B CHCTeMi KoopauHaT W — (1/11).
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AKTyaJIbHI HAIPSIMKH TOCJTII’KEHHS ABUI KOHIEHTAPUIHHOI moasipu3aii
ctynent Bipuu C.B., nou., k.1.H. ['ynmienxo C.B.,
HaunionaJbHuil TeXHIYHUI YHiBepcUTEeT YKPaiHU

«KuiBcbKui noJriTexHiyuui iHcTuryT iMmeHi Iropst Cikopcbkoro»

SABuma konuentpamiitnoi nonsipusaii (KIT) Ta yrBopeHHs ocajiiB Ha MOBEpPXHI
MeMOpaH € OJIHI€l0 3 HaWOUIbIIKUX MNpoOJIeM NpH eKCIuTyarallii MeMOpaHHOTO
oOnagHanHs. BoHU MonsAraroTh 301IbIIEHHS] KOHIIEHTPAILlll pO3YMHEHUX PEUOBHH )O1JIs
MOBEpXHI MeMOpaHH, SIKI CTBOPIOIOTH JOJATKOBUM oOmip po3auieHHI0. BoHu
BUHUKAIOTh B HACIIIOK (PYHAAMEHTaJbHOI MPUPOAM MEMOPAHHOTO PO3ALICHHS.
Po3uniHeHa pedyoBHMHA TNEPEHOCUTHCS JI0 TOBEPXHI MeMOpaHH 1, BHACIIAOK
CEJIEKTUBHUX BIACTUBOCTEN MeMOpaHU, HaKOMUYyBaTUCA O moBepxHi [ 1-5].

JIo OCHOBHUX HAMNpSIMKIB JIOCHIPKEHb € BHU3HAYEHHS BIUIUBY pOOOUYMX
napaMeTpiB Ha mpoliec, 30kpema Temrneparypu [1]. Pesynbratu nokasynu, mo s
BCIX THUMIB JOCHII)KEHUX MeMOpaH, MOTIK MepMmeaTy ICTOTHO HE 3MIHIOBaBCS B
3aJIeKHOCTI BlA TemmepaTypu. Takox Oyno momideHo, mo ToBimuHa mapy KII
3MEHIIYETHCS 3 TEMIIEPATYPOIO.

AKTHUBHO JOCIIJIKYETHCS PO3BUTOK 3a0pyJHEHb, 30KpeMa 3 BUKOPCTAHHSIM
1HMKaTOpa XJIOPUlY HATPIlO, 11100 BU3HAYMTHU BIUIMB 3a0pyaHeHHs Ha piBeHb KII B
CUCTEM1 3BOPOTHOIO OCMOCY [2], a TaK0X JOCHIIKYETbCS MOJEIb ONOpYy JUIs
MPOTHO3YBAHHS IUHAMIYHUX XapaKTEPUCTHK 3BOPOTHOTO OCMOCY, MPU3HAYEHOTO JJIsI
OYMIIICHHS CTIYHUX BOJI BUPOOHHUIITBA OJIMBKOBOI 0JIii [3].

Kpim TOTO, BaXKJIUBHUM JJIsI pO3YMIHHS € PO3BUTOK TEOPETUUHUX YSIBIEHB IPO
pPO3MIIsiAyBaHl SIBUIA Ta PO3BUTOK PO3PaxXyHKOBHUX 3anexHocTeid. byna po3pobnena
MOJIElb  BJIOCKOHAJIEHa MOJENIb  KOHIEHTpalllMHOi moJjisgpu3aiii Ha OCHOBI
nudepeHIiiHoro martepiaabHOro OajaHCcy B HecranioHapHoMy pexumi [4]. Kpim
TOro, B poOOTi [5], Oynu BCTaHOBJIEHA eMMIpUYHI (KpUTEpialibH1) 3aJ€KHOCTI IS
pO3paxyHKy Koe(illeHTIB MacoBijjadi Ta KoOeQIli€eHTIB TepTd MpuU pyxi B
MeMOpaHHOMY KaHaJi 31 cieiicepaMu B yMOBaxX 1HTEHCUBHOTO po3BUTKY KII.
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acmipasTiB i MoJ10oaANX BYeHHX ~PecypcoeHepro3oepiraioyi TexHoJjiorii Ta 00jJagHanas’
OTxe, BelIMKa KUIBKICTh JTOCIIKEeHB, OB’ s13aHuX 3 sBuieM KII cBiquuTh mpo

BAXJIUBICTH I[LOTO HANpsAMKY. KpiM TOro, 3amumiaeTbcs JOCTaTHBO BEIUKA KUTBKICTh
HE BUPIIIEHUX MPoOJeM, MOB’I3aHUX 3 UM SIBUILEM, TOMY MOJAJIbIII TOCTIKEHHS B

1M ramy3i 3aIUIIalThCs TEPCIEKTUBHUMU.
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INVESTIGATION OF THE INFLUENCE OF CAVITATION
MECHANISMS ON HEAT AND MASS TRANSFER PROCESSES
IN A PULSATING APPARATUS
Ph.D. Hozhenko L. P.

Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The substantiation of effective extraction of target biologically active
substances at application of method of discrete-impulse input of energy (DIIE
method) on the processed environment is resulted. The pulsation type cavitation
reactor is presented, in which the controlled influence of cavitation mechanisms on
the processes of mixing, dispersion, extraction is applied.

Key words: extraction, cavitation, pulsation, reactor, efficiency.

JTOCJJIIKEHHS BIIUBY KABITAIIIMHUX MEXAHI3MIB HA
IMPOLIECH TEIIJIOMACOOBMIHY B IIYJIbCAIIHHOMY AITAPATI
C.H.C., K.T.H. ['oxenko JI. I1.
IncTturyT Texniunoi tenodisuku HAH Ykpainu
Anomauia. Hageoeno oorpynmysanus eqpekmusHo2o UnyueHHs Yilbogux

0i0102IUHO-AKMUBHUX peuo8UH npu 3acmocysanti memody J[IBE na oopobnosane
cepedosuwye. Ilpeocmasneno kasimayitinui peakmop ny1bCayiino20 muny, 8 AKoMmy
3aCcmoco8yEMbCsl KepoBaHUll 8NIUE KAGIMAYIUHUX MEXAHIZMI8 Ha npoyecu
nepemiuty8ants, OUCnepey8anHs, eKCmpaxyii.

Knrwouoei cnoea: excmpakyis, kagimayis, nyivcayis, peakmop, eqheKmusHicme.

Today the phenomenon of cavitation is studied in the scientific directions of
positive energy efficiency impact on the treated environment. On the basis of the
ideology of DIIE method Institute of Engineering Thermophysics of NAS of Ukraine
developed and implemented mass exchangers, which in particular are the processes

of mixing, dispersing, homogenization and extraction. However, depending on the
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type, structure and other properties of raw materials, product quality indicators,

theoretical and experimental studies of heat and mass transfer processes, scientific
substantiation of results, development and implementation of efficient devices,
environmentally friendly production lines for quality products for pharmaceutical,
food and chemical industries.

To solve the problems of research of heat and mass transfer processes in the
pulsation apparatus with the initiation of cavitation mechanisms, a pulsation-type
cavitation reactor was made. Fundamentally new design of the device provides
intensification of mass transfer processes with enhanced cavitation effects at
predetermined technological parameters and modes for the pulsation device. The
dynamic effects created in the Venturi nozzle and the working chamber, the
combined effect on the treated medium allows you to remove the target biologically
active substances from raw materials without prior grinding. At the same time, in the
course of experimental research, technological regimes were recorded in which plant
raw materials can be ground in a cavitation reactor or its structure can be left as intact
as possible for a more efficient further filtration process. The achieved degree of
extraction of thermolabile biologically active substances from plant raw materials at
temperatures below 40 °C in a cavitation reactor is on average 1,5 times higher than
in the pulsation apparatus.

Due to periodic changes in the intensity of fluid flow there is a periodic change
in pressure in the treated medium, which encourages stronger cavitation effects and,
accordingly, intensifies the convective transfer of target substances at the micro and
nanoscale. Optimization of mass transfer processes in a cavitation reactor is based on
technological parameters and modes of initiation of a cavitation cluster. Therefore, an
important stage of research is the preliminary determination of the properties of raw
materials, preparation of liquid systems for adjusting the initial data on the initiation
of DIIE mechanisms with enhanced cavitation effects.

Modeling of hydrodynamic processes in a cavitation reactor allows you to
control the processes of heat and mass transfer during the processing of certain raw

materials. Technological parameters of cavitation cluster initiation in node of
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hydrodynamic processes amplification are calculated. Fixation of the visual vision of

the influence of pressure pulses during the processing of raw materials is carried out
through a transparent pipe equipped with precision barometers.

It is established that the intensification of heat and mass transfer processes in
the developed cavitation pulsation type reactor is achieved under the condition of
non-stationary hydrodynamic state with sharp changes in volume. In this case, high-
frequency oscillations occur in the treated system, which differ from the oscillations
caused by changes in fluid volume. However, these oscillations are not absorbed by
the continuous medium, but scatter on the interfacial surface, causing a long-term

increase in heat and mass transfer.
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Mathematical model of thermoplastic melting in disk extruder
graduate student Kovba A, Ph.D., associate professor Shved M
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic

Institute "

ABSTRACT: The most common cause of poor-quality product is insufficient
handling and investigation of the melting stage of the thermoplastic in the process of
extrusion, which can be caused by external factors and not taking into account the
properties of raw materials. Therefore, an in-depth study of this process, the creation
of a mathematical model in order to ensure minimal resource and energy
consumption at this stage with a minimum length of the melting zone and ensuring

consistently high productivity is important.

KEYWORDS: extruder, melting, melting zone, mathematical model,
dispersion model.

Due to the shearing in the loading and plasticting zone, melting and melting
movement occurs. In the mathematical model, it will be necessary to determine these
speeds. To determine, we will use a classical model: the equation of fluid motion, the
equation of indissolubility of the flow and for thermodynamic processes we use
energy equations with the corresponding conditions of unambiguousness.

It is accepted that the width of the cutting channel is much greater than its

height (b > H) . The j-axis is directed in the direction of the speed of the Vi, which is

determined by dependence near the surface of the wall [1]:

Vi =N —Vr)? + 12, (1)
where the speed components are equal to:
V, = mDn cos ¢, (2)
V. = nDnsin ¢, (3)
_ G 4
Vr = Ip ,bH )
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where I is the number of screw cutting measures, G is the performance, b and

H are the width and height of the screw slicing channel, respectively.
If we consider the movement of the melt membrane as a stream between two

plates, one of which is stationary, and the other moves at a speed of V;, then the

equation of motion takes the form:

azv; (5)
dy?

where p - effective viscosity of polymer melt.

Solving this equation under the boundary conditions V; =0 at y =0 and

V; = V;at y = §, we get the following velmeling velmel profile:

]
y
V=V (6)

where § - the thickness of the melt membrane.

Further, if we assume that heat is transmitted only by thermal conductivity in
the direction of the axis y, then the energy equation, taking into account dissipation,
takes the form of:

2
/’lpg_—yg + u ((Z—?) =0, 2
where 4, - thermal conductivity of the polymer melt.
Unlike the Tadmore model, equation (7) will be solved under the boundary

conditions of the second kind near the cylinder wall, that is:

ify=0 t =ty (8)
ify=25 S =q, ©)

where t,_ - polymer melting point.
Integrating equation (7) under boundary conditions (8) and (9) gives the

following temperature profile in the melt membrane:

_ u (Vj 2 _ y? (10)
t=1t0y; +— = 6 ——|
A ( 8 ) [y 2 ]
The average temperature of the melt membrane will be determined as follows:
1.6 Vi 11
tep =5 Jo tadl =ty + p- (i

)2
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Accordingly, the polymer temperature near the cylinder wall (y = §) 1s:

v (12)
2%y,

tCT = tl'L'I + ll

As can be seen from the equations (11), (12) the temperature of the ¢, and t_,
clearly do not depend on the thickness of the melt membrane. This dependence
reflects that the viscosity of the melt depends on the shear rate, which, in turn, is a
function of the thickness of the membrane §.

Determine the absolute value of the specific heat flow on the melting surface
(y =0

> =2 (5) =u % (1

y=0 y=0
This heat flow is used to heat and melt a solid polymer that enters at a speed of
V, to the melting surface. Taking that a solid polymer has a temperature of ¢,
granules falling into the loading funnel, we write the following equality, taking into

account the above:

(14)

#% =V, pp iy — lgx )

where i and i, - enthalpy of melt of polymer at t__ and solid polymer at ¢t_,,

p, - density of solid polymer. On the other hand, the amount of polymer that has
melted at the length of dz is equal to the amount of melt removed by the turn from

the surface of the cylinder [2]:

V,prxdz = %ppédz, (15)
where x - is the width of a polymer that has not melted. From (15) we find:
v, = M, (16)
’ 2p,x

Substituting (16) in (14) and solving the resulting equation with respect to the
5, we find:

(SRS

6 _ [ :’;‘Llezf\' ] . (17)
V\‘pp(:in:l_isx)
The melting speed of the polymer W to one length in the direction of the

channel axis is equal to:
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I (18)

Ve o [Veppuvix]z 1

2 2(ig— i)

where

1 19

b — [prpuV 1]2. (19)

2(1111

Using the expression obtained by Tadmore to determine the width of the solid

traffic jam x for the case of H = const, it takes the form:

2

(zo—2z,)

X = Xl 1 — -—ll ,
2p, V. Hx3

(20)

where x; - hard stopper width when z = z,.
The power spent on the melting of the polymer on the site (z, — z;) we find

from the following equation:
8V, . .
AQ, = T‘pp[(l.m — iy ) + Cp(tcp —to)]| (2, — 2

where C, —heat capacity of the polymer melt at a temperature ¢,

1)

The pressure in the melting area will be found from the equation for mass

productivity, deciding which relative to pressure, you can get:

124 (2, V,(b—x)HF; G
N i Ch] A AU LI (22)
(b—x)H3F, |p, 2 oy

where F4 and Fp - are coefficients that take into account the stopping effect of

the side walls of the channel, which we will find according to the proposed

approximate dependencies:

2
F,=013(-=) —071—+1, 23)
b—x b—x

2
Fa=0125(-) —0,625-—+1, 24
b—x b—x
where ' - is the viscosity of the melt, determined by the average temperature,
which is removed by the twist of the membrane ¢t , and the average displacement
rate y in the melt area, which is based on the following expression:

. _ m(D—H)(D—2H)n (25)
Yo H,/m2(D-2H)2-D?

The power consumed in the melt zone is equal to:
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VY :
W (b—x)(z,—z,)

4Q, =B AR + V2 (14 3a%)) (26)

where a - is the throttle ratio, which is the ratio of the performance of the
countertherapy to the performance of the direct life according to the formula:

. (:pz_lh:)Hz (27)

L 6u'Vi(zmz)
Accordingly, the power used to overcome the friction forces of a solid polymer
at the base of the worm, we find the following dependence:
AQq = PfiV,x(2z; — 21), (28)
where P - is the average pressure on the site. Then the total power consumed

on the site length (z, — z,) , is equal to:

AQ = 1(4Q, + 4Q, + 4Q,) = (2
SV, , . )
TPp [(lrn - le) + CP(tC‘P ~ L ] +
— , | (z, — z)1
p (b —x)
+ = [4B7 + 2(1 + 3a)] + Pfx

Thus, equation (29) can be used to determine the power spent on the process of

melting the polymer in the loading and plasticizing zone of the disk extruder.
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CXOXICTb HACIHHEBOI'O 3EPHA KYKYPY/3U AK OJIUH I3
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n.1.H. [lerpoBa XK.O., k.1.H. Camoinenko K.M., acnipant Bumnescokuii B.M.

IncTuryT TexniyHol Temiogizuku HanionaiabHol akaaeMii HayKk YKpaiHu

AHomauin. YV pobomi HaseOeHO eKCNepUMEHMANbHI OOCHIONCEHHS 3
BUSHAYEHHSL CXOHCOCMI HACIHHEBO20 3epHa 2iopudy kykypyosu P9718. Ocnoenoro
Memoio  00CniodiceHb OYI0 UAGUMU HAUOLIbUL ONMUMAILHUL MeMNnepamypHull
pedtcum npu CywinHi KyKypyo3u.

Knrwouoei cnoea: cywinns, npopowyysanns, HACIHHEBE 3epHO, KYKYPYO3d.

GERMINATION OF SEED GRAIN OF CORN AS ONE OF THE
IMPORTANT INDICATORS
Doctor of Engineering Petrova Zh., Ph.D. Samoilenko K.,
graduate student Vyshnievskyi V.

Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The paper presents experimental studies to determine the
germination of seed grain of the hybrid corn P9718. The main purpose of the
research was to identify the most optimal temperature regime for drying corn.

Key words: drying, germination, seed grain, corn.

Ha tpuBanicte Ta sKicTh mnpu 300pi Ta 30epiraHHi HACIHHEBOTO 3€pHa
KYKypyZ3U BIUIMBAa€ LMK psii YMHHUKIB. HeHasie’kHl yMOBH Ta CTaH marepiainy
(HampukJan, MIABUINEHA BOJOTICTh 3€pHA) MOXKYTb CIHPUYUHUTH PO3BUTOK
IIKIJIMBUX MIKPOOPraHi3MiB 1 IIKIJHUKIB 1 SIK HACHIJOK - T[ICYBaHHS 3€pHa.

Bonoricte KykypyI3u miJ yac 300py ypoxKaro B 3aJI€KHOCTI Bl MOTOJHUX YMOB
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MOXKe CTaHOBUTH

10 20-35 %. Tomy, miciis 0OMOJIOTY Bifipa3y MPOBOASATH NEPBUHHY OUUCTKY 3€pHA, a
3a MOTpedu — AOoCylIyBaHHs 10 BoJiorocTi 14—15 %. 3riiHO NiTepaTypHUX IKeped,
TeMIlepaTypa CyLIMIBHOTO areHTy Moxe nocsarati HaBiTh 90-110 °C, a Temnepartypa
camoro 3epHa He noBuHHa nepesuiryBatu 60 °C [1]. OcKIbKM OPOLIECH CYIIIHHS €
€HEepro3aTpaTHUMHM, BaXJIMBO MIAOMpaTH Takuil pexum, sSKuil Ou  OyB
eHeproe(peKTUBHUM Ta HE BILJIMBAB HAa MPOPOITYBAHHHS HACIHHEBOTO MaTepiaiy.

Jlnst migbopy ONTHMANbHOTO PEXUMY 3HEBOJHEHHS HACIHHS KYKypyl3W Oyiu
MPOBEJICHI JOCIIJKEHHSI 13 BHU3HAYEHHS CXO0XOCT1 (IPOpONIyBaHHsS), SIK (hakTopy
SKOCTI HaCIHHEBOTO MaTepiany. TemmnepaTypHi pexxumu mpu 3HeBoaHEeHH1 t = 50, 60,
70, 80 °C; V = 3 m/c; ¢ = 76. Pe3ynbratu HOCHII)KEHb KIHETHUKU CYLIIHHS OyAyTb
MIPEICTABIICH] B HACTYITHUX MyOIIKaLisIX.

MeToro AOCIIIKEHHSI € BCTAHOBUTHU KIJIBKICTh HACIHUH Y BIJCOTKAX, 3JaTHUX
YTBOPIOBAaTH  HOPMAJIBHO  PO3BUHEHI MPOPOCTKH 32  ONTUMAJIBHUX  yMOB
MIPOPOITYBaHHS.

[Ipontec  mpopouryBaHHS  KYKypyA3d TMO€OHYE Yy €00l  CYKYIHICTh
MOPGOJIOTIYHUX, aHATOMIYHUX 1 010XIMIYHUX 3MIH, 10 BiJOYBalOThCS B HACIHUHI B
nepioj Mepexody 13 CTaHy CIOKOK /10 aKTHBHOI >KUTTEAISUIBHOCTI Ta 3aKIHUY€EThCS
CTAHOBJICHHSIM ITPOPOCTKA, SIKUM 37]aTE€H BXKE CAMOCTIHHO POCTU 1 YTBOPIOBAaTHU HOBY
pocauny [1].

Metonu aHamnmi3yBaHHS CXOXOCTI HaciHHS KyKypya3u mnposeaeHo 3a JICTY
4138-2002 [2], 3r1iIHO SIKOTO JJIsl KYKYpPY/JI3U TEPMiH MPOBECHHS aHalli3y CTAHOBUTH
7-8 ni6. IligpaxyHOK HAKIIOHYTHX YU MPOPOCTUX HACIHUH MOYUHAIOTH 13 3-4 JHS.

JocmigHi 3pa3kd HaciHHS riOpuay KykKypyasu P9718 Oynum BimiOpani y
Binnunpkiit ob6nacti, cemo Binblmianka, Ta JOCHII)KEHI HAa KOHBEKTUBHOMY
eKCepUMEHTalIbHOMY cTeH/1, po3pobiieHomy B I[TT® HAH VYkpainu [3].

Sk BumgHO 3 Tabauii 1, HA TpETiH AeHb JOCTIIHKEeHb 3pa3kKi BUX1JHA CUPOBHHA
ta pexum 60 °C nipopocnu Ha 100 %, pexxum 50 °C — Ha 90 %, a Ha I’ ATUH I€Hb BXKE
100 %. Temneparypni pexxumu 70 °C mae 10 %, a Ha cbomuit nessb — 20 %. HaBithb

nipu pexknmi 80 °C 1eit ridpua mokaszas 5 % MPOPOIICHUX 3€PEH BXKE HA TPETIM JCHb.
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Ha chommii Ta necsatuii eHs mpopornryBanHs (Tabm. 1) mpopocii 3epHa 3pa3kiB

BUXiJIHa cUpOBHHA Ta TemmepaTypHi pexumu 50, 60 °C po3BUBaOTbCS HOPMAIBHO,
MalOTh CHJIBHO PO3BMHEHI POCTKH Ta KOPIHIII.
Tabmuus 1.

®doTtorpadii TOCTIKEHHS CX0XKOCTI HACIHHSA T10puny Kykypyasu P9718

5 Temmneparypa ternonocis, °C
§ S Buxinna
2 =3 CUPOBHHA 50 60 70 80
@)
3
5
7
10

OTxe, pe3yibTaTaMy JOCITIDKEHHS CXOXKOCTI HACiHHS TIOpHUIy KYKYypyI3u
P9718 minTBepmKeHO, MO0 HAWUOUIBII ONTUMAIBLHUM PEXKUMOM 3HEBOJHCHHS
HACiHHEBOTO 3€pHa KyKypyasu riopumy P9718 e rtemmeparypa 50 — 60 °C i3
NOKa3HUKOM JabopaTopHoi cxoxocTi 100 %. Takox BHUABIEHO, IO LEeW ridpua €
crifikimum, HiX Ti0pun P9074 (mpu 80 °C - 0), ockiTbKHM HaBITh pu Temmepatypi 80

°C BiH mae 5 %.
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CTEHJIU TA METOJIHUKA IIPOBEJAEHHS JOCJIJ)KEHb
TEMOILIMKJIFOBAHHSI MATEPIAJIIB 3 ®A30BUM ITEPEXO/IOM
PI3HOI B'SI3KOCTI

K.T.H., 1Ip.H.C Jlemuenko B.I'., x.1.H., ip.H.c Konuk A.B., ®ansko B.1O.
IncruryT Texniunoi tensogizuku HAH Ykpainu

Mera pocnikeHb — pPO3pOOMTH Ta anpoOyBaTH METOAMKY JOCIHIIXKEHb
TEPMOLUKITYBaHHA 0araTOKOMIIOHEHTHUX MaTepiaiiB 3 (a30BUM MEPEX0JI0M
MetogoM T-history, 3 MeTOI 3acTOCyBaHHSI iX B CHUCTEMax 30€piraHHsl TEIIoBOT
eHeprii.

OO0’€eKT AOCHIPKEHb — TEPMOLMKIIYHICTh TEIJIOAKYMYJISLIMHOIO MaTepialy 3
¢dazoBuM nepexoaom. [lig TEPMOLMKIIYHICTIO CIIIJI PO3YMITH 3[aTHICTh MaTepiaity 3
(dha3zoBuUM TEepexoaoM  OaraTopazoBO HarpiBaTUCh 1 OXOJO/JKYBaTUCh 3a
BCTAHOBJICHUH TMPOMDKOK Yacy, a TakKoX 3JaTHICTb JO0 OaraTtopa3oBoi
MMOBTOPIOBAHOCTI MONEPEIHHO BCTAHOBICHUX PE3YJIbTATIB.

[Tpenmet nocnigkeHb — 0araTOKOMIIOHEHTHUHM TEII0aKyMYJISIUIHHANA MaTepiai
3 pa30BUM NEPEXOJIOM.

Ha cporoguimHiii AeHb y CBITI OypXJMBO PO3BUBAIOTHCS TEXHOJOTII, IO
JO3BOJISIIOTh  30€pirati Ta aKyMyJIlOBAaTH TeIuioTy. OOHUM 3 MEpCHEeKTUBHUX 1
IIUPOKO JOCIIIKYBAHUX CIIOCOOIB 30€pe:KEeHHS TEIJIOBO1 €HEprii € TeIIOBUH CIociO,
[0 TPYHTYETHCS HA 3aTHOCTI BUAUISTH 1 MOTJMHATH TEIUIOTY MaTepiajlaMu Mpu
¢dazoBomy mepexoni [1,2]. PoOounm «TiIOM» TaKUX TEXHOJIOTIH, SK MPaBUIIO, €
TEIUIOAKYMYJISALIHI ~ MaTepianu  [3-5], 1mo mpamwiloTh B PI3HOMaHITHUX
TeMrnepaTypHux JianmazoHax. OJHUM 3 MNEPCHEKTHUBHUX HAMPSIMKIB JTOCTIIKEHb €
MOIIYK ab0 CTBOPEHHs TEIUIOAKyMyJsaliiiHux matepianiB (mam TAM) 3 ¢azoBum
nepexonoM. Tomy mOTpPIOHO BOPOBAIKEHHS EKCHEPUMEHTATbHUX CTEHIIB, SK1
J03BOJISATh TPOBOJIMTH aJIEKBATHI JOCIHIIKEHHS Terio(di3uuHux BiactuBoctein TAM.
CrtBopeHi cTeHIu OyAyTh BHUKOPHCTaHI MPU JOCTIKEHHI TEPMOIMKUKITYHOCTI
NPUPOJHUX Ta HOBUX CTBOPIOBAaHUX OaraTokoMmnoHeHTHUH TAM 3 ¢azoBum

NEepPEXOJOM, SIKI IUIAHYETHCS BUKOPUCTOBYBATH B SIKOCTI TEIUIOAKyMYJIALIIHOTO

54



30ipHuKk Te3 nonosineit XXII MizkHapoAHOI HAYKOBO-NIPAKTHUYHOI KOHQepeHIlii CTy1eHTiB,
acmipaHTiB i M0oJ10AMX BYeHHX “PecypcoeHepro3depiraroyi TexHoJorii Ta 00.1agHanng”
Marepialy B akyMyJIsiTOpax eMHICHOTO TUMY. J[e 0COOIMBO BaXJIMBUM MapamMeTpPOM €

qac 3apsKU Ta PO3PSIKH aKyMyJSITOPY, a TAaKOXK TepMiH ciyk0u TAM, ToOTO #oro
TEPMOITUKIIYHICTD.

JIns  mpoBeleHHS  €KCHEPUMEHTAIbHUX  JIOCHIKE€Hb OyJl0  CTBOPEHO
7a0OpaTOpHI TPU E€KCIEPUMEHTAIbHI CTEHJU, L0 MPEJCTaBlIeHl HAa puUcyHKax 1-3.
OCHOBHUM BHUMIPIOIOYUM €JIEMEHTOM € MIKPOMNPOLECOPHUN MOJYJIb peecTparii
curHaniB tepmornap "TRITON 6004TC" npusHauenuil ajis peectparii TemnepaTypu
no 16 kaHamaM 3a JOMOMOTOI0 TEPMOMApP 1 aBTOMAaTUYHOI KOMIIEHCAIlli TEMIIepaTypu
XOJIOJHOTO 31II0TYy. TeXHIUHI XapaKTEpUCTUKHU HaBeIeH1 B Tabiuili 1.

Ta6muns 1. OcunoBHi xapaktepuctuku "TRITON 6004TC"

KinpkicTh TEpMOMAp, 110 MIAKIIOYAOTECS 16 (8 pis.)

Tunum 3acTOCOBYBaHUX TEPMONAP MK, XA, XK, IIII, I1P ta in.
Jliara3oH BX1HOT HAMIPYTH +19,5 MB, £39,0 MB, 1,17 B
Tun gaTumka komn-1ii xonoauoro 3oty  PT100, PT1000

InTepdeiic oOMiHy TaHUMU USB

[IBuakicTs 0OMiHY 3a iHTEpPeiicom no 115 200 6it/c

TpuBanicTh HUKITY BUMIPIB 4c

BinnocHa moxu6ka Bumipis remneparyp £ 0,1 'C

220V 5Kz

Pucynoxk 1. I[IpuniunoBa cxema i poTo cTeHay 13 3actocyBanHsM Metoay T-history
[6]: 1 - MiunIbHUKA €NEKTPUYHOT €HEPTii (3 (PYHKIIIE€I0 KOHTPOJIIO CUIIM CTPYMY Ta
HaIpyTH), 2 - IKepena TEII0TH, 3 - aBTOMAaTHYHOTO ITU(POBOTO
nepetBoproBaya (AlLlIl), 4 - naTuukiB TemnepaTypu TepMonap, 5 - 1yHka, 6 -
€EMHICTB, 7 - mepcoHanbHuit koM otep (I1K).
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Onucana Ha pUCYHKY | cxema CTeHAY JI03BOJISE TOCTIIKYBaTH:

- oauH 3pa3ok TAM 3 ¢a3oBuM mnepexoaoM, L0 PO3MIIIYETHCS B JYHIN 5 i
HarpiBaeThCs/0XO0IOMKY€EThCS BOAOIO, 10 3alIOBHIOE EMHICTH 0;

- onuH 3pa3ok TAM 3 ¢a3oBUM mepexooM, L0 PO3MIIIYETHCS B JIYHIL 5 Ta
onuH 3pa3ok TAM sikuii po3MIIly€eThCS B EMHOCTI 6.

Mertoauka npoBeACHHS JOCTIIKEHb:

1. 3anoBHM JIYHKY 5 JOCIHII)KYBaHOKO PEYOBUHOIO, 00’ emoM 10 100 M.

2. BcranoBuTH Tpu TepMonapu 4 HaCTYITHUM YHHOM:

- IO LIEHTPY JIYHKHU 5 3alIOBHEHOI JIOCTI)KYBAaHOIO PEUOBUHOIO Ta T€PMETUYHO
3aKpUTH 11;

- B €MHOCTI 6, IO 3allOBHEHA TPIIOYOI0 PIAMHOI — BOJ0I0 abo0 1HIIOIO
JOCIIKYBaHOK TEIIOAKYMYJISILIIHOIO P1IMHOIO;

- «BUIbHAY» TEPMOIIapa, 0 BUMIPIOE TEMIIEPATYPY OTOUYHOUOTO MOBITPSI.

3. I'epMeTHyHO 3aKpUTH €MHICTh 6 KPHUIIKOI 1 BCTAHOBUTH Ha JIXKEPEIO
TEIUIOTH 2.

4. YBimMmknyTu AIIIl 1 BIEBHUTUCH, IO MOKA3HUKUA TEMIIEPATypPU OMOPHOTO
KaHaly HE€ BIJIPI3HSIOTHCSA BiJI MOKAa3HUKIB KOHTPOJBHOTO JaT4MKa TEMIIEpaTypu
OTOYYIOUOTIO MOBITPsI (Ha CXeM1 He TO3HaueHwuil) Ounbie, Hixk Ha 1 °C.

5. B IIK 7 yBiMKHYTHU nporpamy peectpaiii nokazHukiB temmneparypu AL i
micis ctabunizanii KpuBUX Ha rpadiky YBIMKHYTH JKEPENo TEIIOTH 2.

6. Harpitu pinuHy B €MHOCTI 6 A0 TeMmmepaTypu KHUITIHHS, KOHTPOIIOKYHU
HaIpyTy 3a MOKa3HUKaMHU JiuuiibHKKa 1. B pa3i BigxuiieHHs Hanpyru OUIbIIe, HIXkK Ha
10 % Big HOMIHAJIBHOT, BBECTU B PO3PAXYHKH KOPUTYIOU1 KOEDIIIEHTH.

7. BumknayTH 1xepeno TeriaoT 2. Ilicns gocsSrHeHHs B JIyHII 5 TeMieparypu
OTOYYIOUOTO MOBITPsI 30€perTu pe3yibTaT BUuMipiB 1 BuMkHyTH [1K 7.

[IpuHuMnoOBa cXxeMa EKCIEePUMEHTAJbHOIO0 CTEHJa, L0 MpeACTaBlieHa Ha
PUCYHKY 2 103BOJISE€ JOCIHII)KYBAaTH OJHOYACHO Jekiibka 3pa3kiB TAM 3 ¢azoBum
MEePEX0/IOM OJJHOYACHO PO3MIIIYIOUH iX B JIyHKaX 5 MiJl 4ac OJHOTO €KCIEPUMEHTY.

A0o0 nopiBHIOBaTH po00Ty pizHuX TAM po3Mmilrytouu iX B JIyHKax 5 mij 4yac OJJHOTO
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eKcrepuMeHTy. B ocTaHHbOMY BUIMAIKy HEOOXIAHO B JIYHKaxX 5 pO3MIlllyBaTH 3pa3Ku

3 OJHAKOBOIO MAacol0, IO J03BOJUTH OTPUMATH HAOYHHUI pe3ysbTaT HAa MOHITOPI

IIK 7.

220V 53¢z

Pucynok 2. IlpunuunoBa cxema (a) 1
¢doto (0) creHay, 13 3aCTOCYBaHHSIM
merony  T-history, po3sramryBaHHs
JTYyHOK 5 (B):

1 - MYUIBPHUKA €EKTPUYHOI eHeprii (3
(YHKIIIEI0O KOHTPOJIO CHWIH CTPyMy Ta
Hampyru), 2 - JpKepena TemuoTH, 3 -
ABTOMATHUYHOTO ¢ poBOTO
neperBoproBava (ALIT), 4 - nmatuukis

TeMIlepaTypu TepMonap, 5 — JIyHkH, 6 -
eMHicTh, 7 — ITK.

Meroauka TPOBENEHHS JOCHIIKEHb 3a CXEMOK IPEACTaBICHOK Ha
PUCYHKY 2:

1. Po3ramyBaTu B JIyHKax 5 AOCIHIKyBaHY pe4OBUHY, 00’emom no 100 mu.
Metonuka IOCHIIKEHb Nependayae MOXIIMBICTh PO3TAIIyBaHHS B JIYHKAaX PI3HUX
3pa3KiB 1] Yac IPOBEACHHS €KCIIEPUMEHTY.

2. BcranoButu Tepmomnapu 4 MO LEHTPY 3allOBHEHHUX JIYHOK Ta T€PMETUYHO

3aKpUTHU KOKHY JYHKY.
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3. 3anutu BU3HAYCHUM 00’€M TpilovuO0i / OXOJOMKYIOUOi PIAMHU B €MHICTH 6.

['epMeTHYHO 3aKpUTH EMHICTH 6 KPHUILIKOIO 1 1] €JHATH J0 JIXKepesa TErIoTH 2.

4. Veimkaytn ALl 1 BNEBHUTHUCH, IO MOKA3HUKU TEMIIEPATypH OMOPHOTO
KaHaly HE BIAPI3HSIOTHCS BiJ MOKA3HUKIB €TAJOHHOTO JaTyuKa TeMIepaTypu
OTOYYIOUOTIO MOBITPsI (Ha cXeM1 He To3HaueHwuil) Ounbiie, Hixk Ha 1 °C.

5. B mnepcoHaibHOMYy KOMI'IOTepl 7 YBIMKHYTH MpoOrpamy peecTparii
noka3HukiB Temmepatypu ALII 1 micng crabumizamii kpuBux Ha rpadiky yBIMKHYTH
JKEPENo TEIUIOTH 2.

6. Harpitu pimuHy B €MHOCTI 6 10 TeMIlepaTypu KHUIIIHHS, KOHTPOJIIOIOUU
HaIpyTy 3a MOKa3HUKaMU JiuuibHUKa 1. B pa3i BiagXuiieHHs HanpyTu Oublile, HiX Ha
10% BiJ1 HOMIHAJIBHOT, BBECTH B PO3PAXYHKH KOPETYIOUH KOE(DII[I€HTH.

7. BumknyTH mxepeno TeriaotH 2. Ilicias nocarHeHHs 3pa3kaMu B JyHKax 1...3
TeMIepaTypd OTOUYYHOUOrO0 TOBITPS 30€epertd pe3yJlbTaTh BUMIPIB 1 BUMKHYTHU
MEPCOHANBHUN KOMIT FOTEDP 7.

JlocnipkeHHsT TOMNEepeIHbO BiAIOpaHUX 3pa3kiB B yMoBax OJU3BKUX [0
peaJbHUX EKCIUTyaTalliiHUX, MOXKHA Ha CTBOPEHOMY CTEH/Il, L0 MPEACTaBICHO Ha
pUCYHKY 3. MexaHi3M 1 METOJIMKa JTOCHIIKEHb JETAJIbHO MPEACTABICHO Ta OMUCAHO
y MomnepeaHix podoTax KONEeKTUBY [7]. 3ayBakuMo, 1110 B JAHOMY BUMAJAKy MOXKJIUBO
JOCJIII)KYBATH MPOLIEC TEPMOILIMKITYBaHHS:

- TAM 3 @da3zoBum nepexo/ioM po3TallOBaHO B 00’€MI 30BHIINIHBOI TPyOH
TEIUIOOOMIHHOTO TPUCTPOI0 2, HArpiB/OXOJOKEHHS 3AINCHIOIOTHCS B MPOIECI
HUPKYJIALIT BOJY;

- TAM 3 @da3zoBum nepexoioM po3TalllOBaHO B 00’€MI 30BHILNIHBOI TPyOH
TEIUIOOOMIHHOTO TPUCTPOI0 2, HArpiB/OXOJO/KEHHS 3AIMCHIOIOTHCS B MPOIECI
LHUPKYJISILIT TEIUI0AKYMYJISIIHHOT P1IMHH.

[IpUHITUIIOBOIO BIAMIHHICTH B CXEMaX ITOCTAHOBKH JOCTIKEHb € T€, IO B
cXxeMmax IMpeJCTaBlIeHNX Ha pUCyHKax | 1 2 mpouec HarpiBy/ OXOJOKEHHS
3M1MCHIOETHCSL PIMHOIO, 110 3HAXOAUTHCA B CTAaTUUYHOMY CTaHi. A, 3a CXEMOIO Ha

PUCYHKY 3 — BIIOYBA€THCA MPOIEC HUPKYJIIALIT TEMIOHOCIS.
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Pucynok 3 — [IpunuunoBa cxema 1 poto crenay [7]:

1 — xoren enektpuunuii KEO-b; 2 — TennooOMiHHUN mpuctpit Tumy «Tpyda B
TpyO1»; 3 — Hacoc uupkymsuidauii VILOJET 3 cuctemoro ymnpasiiHHS; 4
OydepHa eMHICTh; 5 — BEHTWIb perytoBalbHuil; 6 — peryistop Danfoss A/S; 7 —
paziaTop OXOJIOJKEHHS BOJIU; 8 - TEPMOMAHOMETP; 9 — JIIUUIBHUK BUTPATU BOJHU
(mexaniunuii); 10 — 6ak posmuproBanbHuid Sprut VT-5; 11 - BeHTWIb NPOXiAHUIM;
12 - JYUIBHUK BUTpaTH eleKTpoeHeprii; 13 - — KOHLEHTPAaTop BUMIPIOBaHb
TRITON 6004TC; 14 — xoMmIT’ FOTep 3 BUHOCHOIO BEO KamMepoIo.

[licns mpoBeAeHUX JOCHIIKEHh OTPUMaHI EKCIepUMEHTAbHI 3HAYEHHS
OI[IHIOIOTH BIJIHOCHO JIOCTOBIPHOCTI MPOBEJACHUX BHUMIPIOBAHb 33 METOIUKOIO

npeactaBieHo0 B [8-10]. [le Bu3HauaeTbcsi moxuOkKa BHUMIPIOBaHb, II0 BPAaXOBYE

Cepe/iHe 3HAYCHHS BUMIpIOBaHb (V.), CepelHe KBAApaTHYHE BIIXIICHHS S, Ta
BHIIAJIKOBA CKIIA/I0BA IIOXHOKU Ay,

IToBHa moxuOkKa:

a0CoJI0THA Ay,

= [Sy7 +4y° (1)

BIJIHOCHA Oy, = ?Tvt) (2)
t
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UDK 66.21

MODERNIZATION OF RECTIFICATION COLUMN
student M.I. Mudrik, Ph.D., assoc. Prof. A.R. Stepaniuk
National Technical University of Ukraine

Igor Sikorsky Kyiv Polytechnic Institute

ABSTRACT. The purpose of the nozzle distillation column for the production
of ethanol alcohol is described and its shortcomings are given, the methods of their
elimination are presented, the advantages of the modernized column are formulated.

KEY WORDS: nozzle distillation column, ethanol, rectification,

modernization, utility model, nozzle.

MOJIEPHI3AIIS PEKTU®IKAIIMHOI KOJIOHU
ctyaeHt M.I. Mynpuk , k.T.H., nou. A. P. Ctenantok
HaunionajbHuil TeXHIYHUN YHiBepcUTEeT YKpPaiHU

«KuiBcbKuil nmoJriTexHiyHui iHcTutyT iMeHi Iropst Cikopcbkoro»

AHOTAMNISA. Onucano mpu3HA4YeHHS HACaAKOBOI PEeKTHU(IKAIIMHOT KOJOHHU
JUIsT BUPOOHUIITBA €TAaHOJIOBOTO CHUPTY Ta HABEIEHO ii HEJOJIKH, MPEACTaBICHO
METOJIU X YCYHEHHS, C(hOpPMYJILOBAHO NIEPEBAru MOJAEPHI30BAHOT KOJIOHH.

KJIOYOBI CJIOBA: HacagkoBa pekTu(ikalriiifHa KOJIOHa, €TaHOI,

pexTudikallis, MoAepHI3allisl, KOpHCHA MOJEb, HacaaKa.

The distillation column is used in distillation, in the processes of extractive
distillation, extraction of liquids, heat transfer from steam to liquid, and vice versa, as
well as in similar manipulations. If you use the standard method of distillation in a
single evaporator, to obtain a quality product requires 8 to 10 cycles of distillation.
With each new distillation, the percentage of low-boiling component at the outlet
gradually increases. When assembling the column is mounted exclusively in a

vertical position.
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Raw materials are loaded into the tank, the next stage is heated. When the

liquid begins to boil, the vapor gradually rises in the column. Eventually, it reaches
the place where the reflux condenser is located - a refrigeration unit equipped with a
sampling unit [1]. As a result, the liquid from this refrigeration unit, condensing
there, is partially returned, and partially it is taken to the outlet. Flowing down the
column, it meets the pair, entering into an intense interaction that occurs on a large
number of small elements. At this time, condensation begins to form. The fact that
part of the condensate is returned to the column, guarantees its stable and
uninterrupted operation. There is a concept of reflux, which indicates the amount of
condensate that went to the outlet and returned to the column. If you do not select
part of the product, the value of the reflux number will be equal to infinity.

By interacting with phlegm, steam transfers to it substances that boil only at
higher temperatures, as well as its own energy. In this case, substances with a lower

high boiling point are sent to the upper part (Figure 1).

noyamkoba
CyMI

HAa CkAad

kyoobuu
3a/ULoK

Figure 1 - Scheme of the column

As a result, substances are distributed more or less evenly: those that boil at
high temperatures accumulate at the bottom, and those that do not require the
maximum temperature accumulate at the top. This allows you to efficiently separate
liquids with different boiling points.

An important part of the column during distillation are different types of nozzle
nozzles. These are its internal elements, most of which are loose - irregular nozzles

and regular nozzles - disc (cap). The task of the work is modernization. The
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advantages of disc (cap) nozzles include the difficulty of regulating the rectification

process when changing productivity.

Based on the results of the work, the modernization of the distillation column
was proposed, which consists in changing the shape of the cylindrical caps to a
conical one, which should improve the hydrodynamic regime in the column and

increase the column efficiency (Figure 2).

0 Toyoka
/ Tapirka
| /
7 Z 2

Figure 2 - Scheme of the modernized cap
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YK 664.723.047
JOHNIVIBHICTD BUKOPUCTAHHA TEIIJIOBUX HACOCIB
IIPU CYIIIHHI 3EPHA

n.17.H. [Ta3ziox B.M.

IncTuryT TexniyHol Temiogizuku HanionaabHoi akaaeMii HayKk YKpaiHu

Anomauia. Ilpeocmasneno 3axo0u i3 3MeHUEHHS eHepeemUYHUX GUMPAm Ha
npoyec CYWiHHs 3epHa i3 BUKOPUCTAHHS MeNnl08UX HACOCIS.

Knrwouoei cnoea: enepeoegpekmugnicms, menyiosi HACOCU, CYUIHHSI, 3ePHO.

EXPENDITURE OF USING HEAT PUMPS
FOR GRAIN DRYING
Doctor of Technical Sciences Paziuk V.

Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. Measures to reduce energy costs for the process of drying grain
using heat pumps are presented.

Key words: energy efficiency, heat pumps, drying, grain.

OnuuM 13 HampsIMKIB MIJBUILECHHS €HEProe(EeKTUBHOCTI CYIIIHHS 3€pHa €
3aCTOCYBaHHS TEIUIOBUX HACOCIB, IO J03BOJISIE BUKOPUCTOBYBATH TEIUIOBY €HEPTiIO
JTOBKULIA (BOAM, TPYHTY, MOBITPA), KA 3a JOMOMOTOI TEIIOHACOCHUX YCTAHOBOK
(THY) mnepeBOaUTh €HEPril0 HU3bKOMOTEHIIMHUX JKEpen y TMpUAaTHY Ui
BUKOPUCTAHHS €HEPTIIO.

Exonomiuna pjominbpHiCTh BukopuctanHs THY migTBepikeHa CBITOBUM
nocBiIoM. Bxe chorogHi y po3BuHyTUX kpaiHax THY mupoko BUKOPUCTOBYIOTHCS
s cuctem omaneHHs Ta konauiiroBanHs (CIIA, Kanmami, Isemii, IlIBeitnapii,
Himeuunni, ABcTpii Ta iH.), HajarojpkeHo mnpomwucioBuil Bunyck THY y gocuth

mupokux macmrabax (CLIA — 1 mau THY mopoky, y Anonii — 3 min) [1].
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OCHOBHUM  y3araJIbHIOIOYUM  KpPUTEPIEM  €(PEKTUBHOCTI €  KOe(]illieHT

BUKOPUCTAaHHA TEPBUHHOI eHeprii nanuBa. BiH BU3HAYa€ThCA SK BiJAHOILICHHS

KOPHMCHO1 TEIUIOTH 10 TeTUIOTBOPHOT 31aTHOCTI BUTpaueHoro nanausa [1] (tadm. 1).

Tabmums 1.
KoedinieHT BUKOpUCTaHHS IEPBUHHOI €HEPrii MajinuBa
Bupg nannBa Koedimient
BUKOPHUCTAHHS

EnextponiairpiBanss 0,27 -0,35
CnamxroBaHHS TMaJIMBa B TEIJIOT€HEPATOP1 0,75-0,95
[TapoxommnpeciitHuii TEIIOBUI HACOC 3

0,6 — 1,35
€JEKTPOIPUBOIOM
[TapoxomripeciiiHuil TEMIOBHI HACOC 3 TEIJIOBUM

1,37-23
JBUTYHOM

CrmiBcTaBiieHHSl albTEPHATUBHUX BapiaHTIB HArpiBy TEIUJIOHOCIS 3a CTyIEHEM
BUKOPUCTAHHS TEPBUHHOI €HEprii Mokasye, 10 HaWMEHIl €HEeproe(EeKTUBHUM €
IpSMHUIA €IEKTPUYHUN Harpis
(Ker = 0,27 — 0,35), ToMy 110 Ha TEIJIOBIA EJIEKTPOCTAaHIli Mpu BUPOOJIEHHI
€JIEKTPUYHOI €HEPrii Ha TPaHCIOPTYBAaHHS MEpPEXaMHU BTPAYAETHCS B CEPEIHBOMY
70% mepBUHHOI €HEeprii.

HarpiB TemioHocis B TeIUIOreHEpaTopi MUIIXOM MPSMOTO CHaTOBaHHS MajlnBa B
KOTEJIbHI MPU3BOJUTH J0 BTPAT B cepeaHboMy Outst 15% mepBuHHOI eHeprii. 3HauHe
KOJIUBaHHS  KOe(DII[I€EHTy TMEpPBUHHOI €Heprii 3alieKuTh B  KOHCTPYKIIIl
TeIUIOreHepaTopa 1 BUAy MajiuBa.

JIns mapoKOMIIpEeCciMHUX TEIJIOBUX HACOCIB 3 €JIEKTPOMPHUBOIOM KOE(IIIEHT
BUKOPUCTaHHA TmepBUHHOI eHeprii (K7w) HOOpiBHIOE J00YyTKy KoedilieHTa
MEePETBOPEHHSI TEIUIOBOTO HACOCY W 1 KoedillieHTa BUKOPUCTAHHS MEPBUHHOI €HEprii

pu BUpOOIeHH] enekTpoeHeprii (Kgr):

Kpy = 1Ky (1)
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KoedilieHT mepeTBOpEeHHs] TEIUIOBOTO HAcOCy |l 3aJIeKUTh BiJ PI3HUIII

HEOOX1IHOT TeMIepaTypu TEIUJIOHOCI 1 TEeMIepaTypu XOJIOJHOTO JiKeperna,
TEPMOJMHAMIYHUX  BJIAaCTUBOCTEM  poOOYOi  PEYOBMHU 1  OCOOIMBOCTEH
TEPMOJUHAMIYHOTO ITUKITY Ta TEXHIYHOI JOCKOHAIOCTI KOHCTPYKIIIi.

[TapokommpeciiiHa TEMIOHACOCHA CYIIMJIbHA YCTAaHOBKA MPAIIOE€ TAKUM YHMHOM.
30BHINIHE TOBITPS TEMIEPATYPOIO o, 1 BOJOTICTIO dy TMPOXOJUTH YEPE3 KOHACHCATOP
TEIJIOBOTO HACOCY 5 1 HArpiBaeTbCsi A0 TEMIEPATypH fa MOCTYNAE B CYIIHUIbHY
Kamepy 3 3epHoM 1 (puc. 1).

B npotieci cymriHHA 3epHa TEIUIOHOCIA OXOJIOKYEThCS O TEMIIEpaTypH /B 3
MIABUIEHHSAM BojJorocti A0 dg. Ilicma 1mporo  BiAmpalbOBaHWM TEIJIOHOCIH
MPOXOJUTh YEpe3 BUIIAPHUK TEIUIOBOTO HACOCY 2 1 OXOJOKYETHCA MPAKTUYHO 10
TeMIIepaTypHu cepeaOoBHUILA fc.

Tennora BigBeneHa BiA TEMIOHOCIS (pun COPUIAMAETHCS POOOUOI0 PEUYOBHUHOIO
(X0m0/10areHTOM) TEIMIOBOTO Hacoca.

[Tapa xonogoareHTy BIJCMOKTYEThCS KOMIIpecopoM 4 1 Mmig THUCKOM 3
TEMIIEPATYPOIO f, MOJAETHCS B KOHACHCATOP S5, JIe BOHA KOHJIEHCYETHCS, BIAAI0UU
TEIUIOTY MOBITPIO, 10 HaXOoAuTh. CKOHJIEHCOBAaHUW PIJKUN XOJIOJOAreHT dYepe3

PEryJIIO0YNNA BEHTHIIb 6 MOCTYNA€ Y BUITAPHUK 2 1 IUKIT TOBTOPIOETHCS.

@ =100 %

dg dp d
Puc.1. [Iponec TennmonacocHoro cyurinusa B H-d niarpami:
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| — cymmibHa Kamepa; 2 — BUNapHUK; 3 — 301pHUK KOHJIEHCATY;

4 — xoMIipecop; S — KOHAEHCATOP; 6 — PErYIIOI0YNN BEHTUJIb.

Tennora koHzaeHcanii QOx B TEIUIOHACOCHOMY IMKJII BHINE TEIJIOTH
BUNApOBYBaHHA (Jpun HA BEIUYUHY POOOTHM KOMIIpPECOpa MpPU  CTUCHEHHI Napu
XOJIO/I0AreHTy.

JI71st O1bII IeTalbHOI XapaKTEPUCTUKHU PO3IIISTHEMO JTOIIIBHICTh BUKOPUCTAHHS
TEIUIOBUX HACOCIB 13 MIJABHUILIEHHS €HEeproeeKTUBHOCTI MPOIIECY CYIIIHHS 3€pHa
(puc. 2).

Po3pobnena cxema Ha puc. 2 TOKa3ye 3acTOCYBaHHsS TEIUIOBUX HAcCOCIB B
MIPOIIEC] CYIIIHHSA 3€pHA Yepes:

- BUKOPHUCTAHHSIM HU3bKOMOTEHIIMHOI TEIUIOTH AaJbTEPHATUBHUX JKEPEN
eHeprii (COHsYHA, HABKOJUIIHE CEpPEIOBUILE, TeOTEpMalbHI JKEepenia) Ta CYIIIHHS
HACIHHA IPH NOCTIMHIN TeMiepaTypl cymmibHoro arera 40 - 60°C, mo 3a1exurb
TaKO0X B1J] KOe(II[I€EHTY IEPETBOPEHHS TEILNIOBOT'O HACOCY;

- 3HWKEHHS BTpaT TEIUIOTM Ha CYLIIHHS 3€pHa B TMPSMOTOYHUX Ta
PELUPKYIALINHUX 3€pHOCYIIApKaX, Yepe3 3axo/JM HaIpaBlieHI Ha PEUUpKYJIAILILo,
YTUJII3AIiI0 Ta PeKyIepaliio TeIIOTH BIANPAIbOBAHOTO TEIJIOHOCIS 1 HAIIPaBJIEHHS B
30HYy CYLIIHHS;

- KOMIUIEKC 3aXO/lIB HalpaBJICHUX Ha MiABUIIEHHS €HEProe(EeKTUBHOCTI Ta
IHTEHCUBHOCTI CYIIIHHS 13 OTPUMAHHSIM BHCOKOI TEMIEPAaTypH CYLIUIBHOTO areHTy
80 - 90°C, a TakoX BUKOHAHHS OJHOYACHO JEKIJIbKOX TEXHOJOTIYHHUX OTepalrii;

- 3aX0/M IO €HEPro30EePEKEHHIO TAKOXK 3aJIeKATh BiJl TUILY pOOOUYOT PEYOBUHU B
cucremi TH, a Ttakox po3poOui Ta kepyBaHHI Ouibin cydacaux THCY 13

Koe(ilieHToOM nepeTBopeHHs 3 1 Buiie [2 - 6].
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YK 532.528
CYYACHI IPOBJIEMU KABITAIIIMHUX ITPOIIECIB I'IIPOHACOCIB
no1l., K.T.H.PyonsoB A.B.

HAIIIOHAJIbHUHM TPAHCIIOPTHUM YHIBEPCUTET

3araJbHONPUUHATAM Yy €Bpomi TMO3HAYECHHSM KaBITAI[IMHOTO 3amacy
npuiiHaTo BBaxkaTtu aOpeBiatypy NPSH (Net Positive Suction Head).
Xapakrepuctuka NPSH BijoOpakae HE3IaTHICTh HAacCOCY CTBOPIOBAaTH Ha BXOJi
aOCOJIIOTHUN BakyyM 1 3a0e3reuyBaT BCMOKTYBAaHHS PIIMHU 3 BUCOTU PIBHOIO
a6o Oubioro Hixk 10,33 MeTpa, 110 BIJMOBIIA€ 3HAYEHHIO aTMOC(HEPHOTO TUCKY Ha
piBH1 Mops. 3 ¢di3uuHOi1 Touku 30py mapameTp NPSH mnoka3ye aGconOTHUN TUCK
Ha BXOJIl B HACOC, JIOCTATHIM JIJIs 3aro0iranHs Kasitailii npouecy. Kasitaiisa Oyne
CYHpOBOJI)KYBAaTH CIpoOy Hacocy 3AIMCHUTH MiAHOM MEBHOI KUIBKOCTI BOAM 3
rIUOWHM, 1110 TIEPEBUIIYE JOMYCTUMY XapaKTEPUCTUKAMU BUCOTY BCMOKTYBaHHS.

BupoOHuK HacocHOro o0jagHaHHS cepell OCHOBHHUX XapaKTEPUCTUK HACOCY
BKa3y€ MaKCHUMajbHY BHUCOTY BCMOKTYBaHHS 1 HAJa€ XapaKTEPUCTUYHY KPHUBY
NPSH sk ¢yHKLit0 3a1€XHOCTI BIJ MIBHJIKOCTI MOTOKY piAMHHM. MakcumalibHa
BHCOTAa BCMOKTYBaHHS 1 KaBiTalliiHa XapakTepuctuka Hacocy NPSH
B3a€MOIIOB'SI3aHI:

Hmax = A - NPSH - Hasp - Hr, m,

ne A — aOCONMOTHUM THUCK B METpax Ha BUIBHY MOBEPXHIO PIAUHU Yy
BCMOKTYBaJIbHIM €MHOCTI. [Ipy BCMOKTYBaHHI piMHU 3 BIIKPHUTOIO JUKEpPENa, 110
3HaXOJIUThCSI B TNPSIMOMY KOHTakTi 3 armMocdeporo, THUCK A JOpIBHIOE
aTMOC(EPHOMY THCKY;

Hasp - BTpatu Hamopy Ha MOJOJaHHS OMOPY PyXYy MOTOKY PIIUHU Y
BCMOKTYIOUOMY TPyOOIIPOBO/II, M;

Hr - Tuck mapoyTBOpEeHHS PIUHU B METPAaX BOJSIHOTO CTOBIIA;
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Ha - 3nauenns HeoOxigHoro NPSH, mio BrumBae Ha mojaady Hacocy:
noka3Huku NPSH 30u1b1ryerbest 31 301IbIIEHHAM IIBUAKOCTI IOTOKY CEPENOBHUILA,
110 MEePEKAYYETHCS.

Jlnst 3a06e3nedeHHs] HOpMaJbHOTO PEXUMY pOOOTH HACOCY JAOCUTh YaCTKOBO
MEPEKPUTH 3aCyBKY B MariCTpaJlbHOMY TpyOONpOBOJ1, 3HU3UBIIHN, TAKUM UYUHOM,
MPOAYKTUBHICTH Hacocy. [Ipu HeoOX1AHOCTI 3a0€3MeYUTH MPOAYKTUBHICTH HACOCY
B YMOBaX HEIOCTaTHHOIO KaBITALIMHOIO 3aracy, BHUPILIEHHS MPOOJIEMH MOXKE
OyTH TOB'sI3aHO 31 30LIBLICHHSIM THUIOPO3MIPY HACOCy 3 OUIbII HHU3bKUM
3HaueHHssM NPSH npu 3aaHiii npoAyKTUBHOCTI HACOCY.

PiBHSIHHS TakoX IOKa3ye, IO  €(pEKTUBHHM CHOCOOOM 30UIbILIECHHS
JOIYCTUMOI BHCOTH BCMOKTYBAaHHSl BUSBIISIIOTBCS, 3aXOJH, CIPSMOBAaHI Ha
3HM)KEHHSI 3arajibHUX BTPAT Ha OIIp MOTOKY Y BCMOKTYIOUOMY TpyOompoBojl. 3
i€l MPUYUHU PEKOMEHAYETbCS 3aCTOCOBYBAaTHM Ha JIiHII BCMOKTYBaHHS
TpyOOIpPOBiJl 3 BHYTPIIIHIM J[1aMETPOM, 1110 HE POOUTH OMIP MOTOKY BCMOKTYBAHOL
pinuHu. (s MiHiMI3alii BTpaT BUCOTHM BCMOKTYBaHHS JIIHIMHA MIBUAKICTh PYXY
PIAMHYU Y BCMOKTYIOUOMY TpyOOIIpOBO/I1 HE MOBUHHA IepeBuulyBaT 1-1,5 m / c.
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V]IK 66.21
MODERNIZATION OF THE CASEIN DRYING MACHINE

Ph.D., professor Marchevskyi V., master student Glibovets S.,
master student Shashkov V.

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»
Abstract. The design of the unit for drying casein in the vortex layer, which was
developed at the Kiev Polytechnic Institute and is mass-produced, is considered.
The shortcomings of this design are considered, the elimination of which is the
purpose of the work. Modernization options are offered and the comparative table
of indicators of the modernized device and analog of VS-300-KPI is resulted.
Key words: UNIT, MODERNIZATION, DRYING, VORTEX LAYER, CASEIN.

MOJIEPHI3AIIISI AITAPATY JJISI CYIIIHHS KA3EIHY
K.T.H., ipodecop MapueBcrkuii B.M., marictpantka ['nu6osens C.B.,
marictpanT [lamkos B.O.
HauionaabHuii Texniuauid YHiBepcuTeT YKpaiHu

«KuiBcbknii mostitexHiyHuu iHCTUTYT iMeHi Irops Cikopcbkoro»

Anomauia. Posensinymo KoHcmpyKyito azcpezamy Ol CYWIHHA KA3eiHy y
BUXPOBOMY wapi, wo 0y8 po3pobaenuil 8 Kuigcbkomy nonrimexHiyunomy iHcmumymi
ma eunyckaemvcs cepiiino. Posensinymi nedoniku 0aHoi KOHCMPYKYii, YCYHEeHHs
AKUX € Memol pobomu. 3anponoHo8ano eapianmu MoOepHi3ayii ma HaseoeHa
NOPIGHAIbHA MAOIUYs NOKA3HUKIE MOOepHI306aH020 anapamy ma anano2y BC-
300-KII1

KiawuoBsi cJI0BA: AT'PET'AT, MOJIEPHI3AILILLA, CVYIIIHHA,
BUXPOBU LLIAP, KA3EIH.

The device of a vortex layer which is a part of the VS-300-KPI unit accepted
in serial production received good responses of manufacturers of many plants of

Ukraine.
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However, along with significant advantages, some disadvantages were
revealed: the unit body is made of stainless steel sheet 3 mm thick; there is no heat
insulation of the unit body; increased product carryover when changing the
containers collecting the collected product from the straight-through cyclone;
insufficient degree of cleaning by the straight-through cyclone; product deposit in
the horizontal sections of pneumotransport when the unit is stopped.

To eliminate the above drawbacks the modernization work was carried out:
the device body is made of two parts, the inner, made of thin sheet (1.5 mm)
stainless steel, and the outer power, made of carbon steel. The air gap between the
walls performs the function of heat insulation.

The straight cyclone of the apparatus is replaced by a cyclone with a
tangential inlet of the spent coolant. The cyclone is installed in the upper part of
the drying chamber and replaces the roof of the apparatus-drying chamber. The
product separated in the cyclone is continuously conveyed pneumatically to the
dried product hopper.

The new design of the drying chamber provides thermal insulation of the
cyclone and chamber reduces the size of the unit and the metal intensity of the
construction.

The dried product is removed from the swirl layer by a pneumatic conveying
pipe. The end of the pneumatic conveying pipe is mounted vertically in the dry
product discharge area. The movable nozzle, dressed on the end of the pneumatic
conveying pipe with the possibility to move, has a clamp, allowing to set the set
height of the swirl layer. The vertical position of the pneumatic conveying tube
prevents it from clogging when the unit is stopped.

The exhaust fan of the unit creates a vacuum in the storage hopper.

The new design of the gas distribution device provides increased stability of

the swirl layer and reduces product pellet abrasion.
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Comparative indicators of the developed apparatus with its analogue are

shown 1n the table.

No Indicators Dimensional | Apparatus Analog
under VS-300-KPI
development
1 2 3 4 5
1. | Performance
- on the dried product kg/hour 240 200
- by evaporated moisture kg/hour 330 300
2. | Temperature: °C
- at the entrance 140-150 130
- on output 35-37 37
3. | Dimensions mm 1000x2700 | 1240x2600
4. | Weight kg 682 1180
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UDK 678.057.3
AIR CIRCULATION INSIDE THE PIPE DURING CALIBRATION
lecturer assistant Podyman Hryhorii
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv
ABSTRACT. The influence of air circulation inside the pipe blank on
cooling during calibration is considered.
KEY WORDS: POLYMER, EXTRUSION, PIPE, POLYMER PIPE, AIR
CIRCULATION.
HUPKYJALIA HOBITPA BCEPEAWUHI TPYBU ITPU
KAJIIBPYBAHHI
Acuctent kapenpu MAXHB I[loauman 'puropiit
HaunioHaibHUil TeXHIYHUH YHiBepcUTET YKpPaiHH
«KuiBChbKHI NMOJIITeXHIYHUHA YHIBEPCUTET YKpaiHu
imeni Irops Cikopcbkoro»
AHOTALIUS. Poszensnymo eénaus yupkyisayii nogimps ecepeouni mpyoHoi

3A20MOBKU HA 0XOJ00NCEHHS Ni0 YacC KAliOPYEaAHHA.

KJIFOHYOBI CJIOBA: ITOJIIMEP, EKCTPVY3Is, TPYBA, ITIOJIIMEPHA
TPYBA, HUPKYJIALIA ITOBITPS.

Inside the polymer pipe passing through the calibration device is air. From
the inlet of the pipe into the calibration device, the volume of air is limited by the
end surface of the mandrel of the extruder head. In the original open section of the
pipe formed at the stage of cutting the pipe, the air inside the pipe is in direct
contact with the surrounding atmospheric air. Therefore, it can be assumed that the
air pressure inside the pipe should be equal to or close to atmospheric pressure.

In the process of stationary movement of the pipe in the calibration device,
air from the inner volume of the pipe is constantly removed into the atmosphere

through the outlet section of the pipe. This is because the layer of air directly
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adjacent to the inner wall of the pipe moves to the outlet with the speed of the pipe.
As a result, the amount of air in the pipe is continuously reduced, so that the
pressure inside the pipe becomes lower than atmospheric.

The nature of the circulating movement of air inside the pipe and changes
in the magnitude of the velocity flow in the radial direction is schematically

presented in Fig.1.
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Figure 1 - Diagram of the flow of air circulating inside the billet relative to
the stationary pipe

To estimate the pressure difference, we use the equation to write the
equation for the maximum airflow rate in the form:

Apa RZ (1)

vV, = 81 L b1

Then the pressure difference can be determined by:
8u L-v
Ap = =Yy .

a R2

thl

)

The right part (2) includes known calibration parameters, which allows you

to estimate the value Ap . Even an approximate estimate shows that the pressure

drop is extremely small and does not exceed 1 Pa.
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Using equation (1), we can estimate the volumetric flow rate of air from the

pipe according to known parameters:

2
_ v, Ry, R?

Gma2 - 4 th1*® (3)

It is estimated that the volumetric flow rate of air leaving the calibration
device is (1.0 +1.5)'10°m?/s (approximately 1.5 I/s).

Therefore, the pressure drop in the pipe with the environment is quite low,
so the airflow is almost absent and cannot affect the cooling process of the pipe
blank.
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YK 66.048.3
THE USE OF FIBER-REINFORCED CONCRETE
Andreiev Igor
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The advantages of using fiber-reinforced concrete products
instead of concrete and reinforced concrete analogues are considered. The
classification of dispersed reinforcement is given. The prospects of the
vibroextrusion method of molding fiber-reinforced concrete products are shown.

Key words:  fiber-reinforced  concrete, dispersed reinforcement,

vibroextrusion.

3ACTOCYBAHHSA ®IPOBETOHY
K.T.H., 1o1l. [rop AHapeeB
HaunioHabHUil TeXHIYHUN YHIBepCUTET YKpaiHu

“KuiBcbKui moJiiTexHiyHui iHcTutyT iMeni Iropsa Cikopcebkoro”

Anomauia. Pozensanymo nepesacu 3acmocy8ants QiopobemoHHux eupoodis
3amicmv OemoHHUX 1 3anizobemoHHux awuanocie. Hasedena «nacughbixayis
oucnepcroi’  apmamypu. Iloxaszana nepcnexmugHicms — 8iOpoeKcmMpy3itiHO20
cnocoby ¢opmysanus QiopobemonHux eupoois.

Knrwouoei cnosa: ¢piopobemon, oucnepcrha apmamypa, iopoekcmpys3is.
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The global COVID-19 pandemic and the fighting in Ukraine have greatly
contributed to rising prices and shortages of traditional building materials. In turn,
the dispersed reinforcement of concrete makes it possible to improve almost all of
its basic physical and mechanical characteristics by attracting fibers to work
together with concrete when stresses occur. Therefore, the use of more efficient
fiber-reinforced concrete products instead of concrete and reinforced concrete
analogues is relevant in modern conditions.

Fiber-reinforced concrete (FRC) is concrete containing fibrous material
which increases its structural integrity. It contains short discrete fibers that are
uniformly distributed and randomly oriented.

The use of fibers to improve the properties of various materials has been
known for a long time. Pottery reinforced with asbestos fibers has been found in
Finland dating back to 2500 BC. Over 3,000 years ago, jute and horse hair were
used to hold mortar together. Jute is an annual fibrous plant from the linden family,
the most common in India. Jute fibers are well dyed. It is used for the manufacture
of containers (bags), tarpaulins, ropes, upholstery fabrics, etc. Other examples
include adobe (air-dried but unfired brick made of clay and chopped straw) and
slate (construction products from cement mortar with asbestos fiber).

In 1907-1908 V. P. Nekrasov performed the first scientific experiments on
uniform reinforcement of concrete volume with pieces of wire of small diameter in
order to give it qualitatively new properties. Due to the low level of technical
development at that time, dispersed reinforced concrete did not become
widespread. In 1941, A. K. Burov first proposed to reinforce concrete with glass
fibers. Commercial use of fiber-reinforced cementitious materials, with the
exception of asbestos cement, began in the 1960s.

It is proposed to divide fibers into 2 categories depending on their modulus
of elasticity:

1 — low-modulus (nylon, polypropylene, polyethylene, etc.);
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2 — high modulus (steel, asbestos, glass, basalt, carbon).

Reinforcement with low-modulus fibers, highly stretchable, does not
increase the strength of the composition in tensile and bending conditions (some
researchers say that these figures are even reduced), but leads to the ability to
absorb energy well. This also reduces the abrasion of the concrete material.

Fiber reinforcement of the second category improves the resistance of
fiberglass to both impact and tensile (bending) the more the greater the ratio of the
modulus of elasticity of the fibers and the matrix E¢/Em under otherwise equal
conditions [1].

To improve the performance of concrete in the stretched area, metal
reinforcement is installed. However, in thin-walled structures this is not always
possible due to the fact that to avoid corrosion of the reinforcement it is necessary
to provide a proper protective concrete layer 20-30 mm thick. At least half of the
concrete in a typical building component is used to protect the steel reinforcement
from corrosion. Concrete using only fiber as reinforcement can result in saving of
concrete [2].

Disperse reinforcement of concrete is a modern direction of improving
almost all its basic physical and mechanical characteristics. A professional
engineer and the director of marketing and technology, fiber reinforced concrete
for the Euclid Chemical Company in Cleveland, Ohio Michael Mahoney provides
7 key benefits of fiber concrete: Cost-Effectiveness, Less Staff Required, Reduced
Delays, Improved Long-Term Serviceability, Temperature & Shrinkage
Reinforcement, Reduced Cost, Environmental friendliness [3].

A significant reduction in the viscosity of the matrix, at which it is possible
to reinforce it with any fiber at low water-cement ratios and without the use of
surfactants, can be achieved using the vibroextrusion molding method developed at
the Kiev Polytechnic Institute named after Igor Sikorsky. In addition, the

vibroextrusion method makes it possible to orient the fibers along the formation
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axis, 1.e., to use the reinforcing properties of the fibers more efficiently and to
obtain thinner products compared to traditional technology. Work on improving
the vibroextrusion method of forming fiber-reinforced concrete products continues
and is aimed at expanding the range of manufactured products.
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The trends of the development in mathematical simulation of pressure driven
membrane processes: the analysis of publications in main scientific databases
student Muzyka S.M., associate professor, Ph.D. Huliienko S.V.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

The mathematical simulation is the important direction of pressure driven
membrane processes investigation, which allows to increase the effectivity in
designing and exploitation of membrane equipment, and also decrease of number
of experimental researches. In work [1] the main trends in development in this
field from 2000 to 2010 years were analyzed, and the perspectives for further
investigation were determined. This work is an attempt to provide similar analysis
for period of 2011-2020 years.

The leading scientific databases namely ScienceDirect [2], Springer [3], and
DOAJ [4] were chosen for analysis. The distribution of publication dedicated to
mathematical simulation of pressure driven membrane processes by years in
database ScienceDirect is represented on figure 1, while the distribution by the
processes is shown on figure 2. The similar distributions for Springer are

represented on figures 3 and 4, and for DOAJ are shown on figures 5 and 6.
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dedicated to the simulation of pressure
driven membrane processes in Springer

database by processes

80

70

60

50

40

30

20

10

RO NF UF MF FO MBR

Figure 6 — The distribution of publications
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driven membrane processes in DOAJ
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The distributions of the sourced publication by years shows that in

ScienceDirect database the stable high number of publications with sustainable

tendency to growth in more recent years are is observed. This tendency is more

clear in DOAJ database. At the same time, in Springer database the situation is
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different namely the maximal number of publications is observed for 2016 year,
that is in the middle of period under consideration. Moreover, the number of
publication was lower than the others considered resources. Probably, this situation
could be explained in following way. The most number of leading thematic journal
(including Journal of Membrane Science, Desalination, Separation and
Purification Technologies) are included into the ScienceDirect database, while the
thematic journal in the DOAJ database became its activity more recent (Mebranes
since 2011 and Jornal of Membrane Science and Research since 2015). At the
same time in the Springer database the thematic journals are not represented and
the results of the membrane processes investigation are published in the journals
with more general topics.

It should be also noticed, that the most number of works were dedicated to
the reverse osmosis (RO) process. The nanofiltration (NF) forward osmosis (FO)
are also represented in quite a large number of publication. The ultrafiltration (UF),
microfiltrarion (MF) and membrane bioreactors are represented on a smaller scale.

This is corresponding to the general tendency, defined in work [1].

IepeJiik mocuyIaHb:

1. Huliienko S. V. Korniienko Y. M., Gatilov K. O. (2020). Modern
trends in the mathematical simulation of pressure-driven membrane processes.
Journal of Engineering  Sciences, Vol. 7(1), pp. FI-F21, doi:
https://doi.org/10.21272/jes.2020.7(1).f1

2. ScienceDirect.com | Science, health and medical journals, full text
articles and books. [Electronic source] : [Web-site]. — Electronic data. — Access

mode: https://www.sciencedirect.com/ (date of the requests 20.04.2022) — Name

from the screen.

84



306ipHuK Te3 nonosigein XXII MizkHapoAHOI HAYKOBO-NIPAKTHYHOI KOH(epeHNil CTy1eHTIB,
acmipaHTiB i1 MoJionx BYeHUX ”PecypcoeHnepro3oepirardi TexHoJsorii Ta 00J1afHaHHA”

3. Home — Springer [Electronic source] : [Web-site]. — Electronic data. —

Access mode: https://link.springer.com/ (date of the requests 20.04.2022) — Name

from the screen..

4. Directory of Open Access Journals — DOAIJ [Electronic source] :
[Web-site]. — Electronic data. — Access mode: https://doaj.org/ (date of the requests
20.04.2022) — Name from the screen..

85



306ipHuK Te3 nonosigein XXII MizkHapoAHOI HAYKOBO-NIPAKTHYHOI KOH(epeHNil CTy1eHTIB,
acmipaHTiB i1 MoJionx BYeHUX ”PecypcoeHnepro3oepirardi TexHoJsorii Ta 00J1afHaHHA”

678.023
MELT TEMPERATURE QUALITY CONTROL IN THE POLYMER
DISC EXTRUSION PROCESS
PhD student Novodvorskiy V., Ph.D., Associate Professor Shved M.,
Associate Professor Ivanitsky G.
National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute'

Abstract. Various options for determining the temperature quality of the
melt are analyzed, and the modes of cascade disc and gear extrusion with the
possibility of determining and adjusting the temperature homogeneity of the melt
in the process of operation at constant output are proposed.

Key words. Extrusion, polymer, melt, temperature homogeneity.

In the extrusion process the quality of the final product depends on the
temperature homogeneity of the melt. A lot of works describe the possibility of
determining the temperature homogeneity of the melt: by means of appropriate
criterion equations or other dependencies given in mathematical models and
confirmed by experimental or simulation studies [1,2]. A polymer disc extrusion
process with the ability to determine and regulate the thermal homogeneity of the
melt at a constant output is proposed.

In the extrusion process the pellets are dosed into the extruder where they are

melted [3]. The melting of the pellets is due to the dissipative energy, which is a

function of the total shear rate y . The dependence of dissipative heating

intensity on shear rate is known to be determined by the formula [4]:

2
qdiss = ll’lef ’ 7/ (1)
where 4, - is the effective melt viscosity, which is also a function of temperature.

Consequently, the melt temperature depends on the thermomechanical load,

i.e. on the shear rate value y_ ., and the temperature distribution depends on the
shear rate distribution across the channel cross section y = f(r). C. Rauwendaal
[4] states that this 1s the reason for the unsatisfactory temperature homogeneity in

single screw extruders. But in our proposed process it is possible to adjust the
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thermo-mechanical load by changing the screw rotation speed by +30% of the
nominal value @ and the clearance width by +2 mm of the nominal value 7. As
shown 1n fig.1 and fig.2, by increasing the screw speed and(/or) decreasing the

annular clearance width it is possible to increase the shear rate of the axial y and
tangential melt flow y__ and respectively the total shear rate y ., determined from
the equation

?/sum:\ﬂ/jx-l_}/tzan' (2)

The extruder operating conditions can then be selected such that the highest

temperature homogeneity is achieved.

. Y/ . ),/0/7 )//0/7
V/an )/ sum nom l//ﬂﬂ )Isu 7 l// % 7 V/uﬂ )/SW] j ﬁ'

o /] )/ ax )/50/77/70/77 }/ o }/ sum 1
I ot O v S IR
VHX b V[IX g /I/HX/ l/ﬂX )//0/7 }/fﬂﬂ
w L w ¢ : w ] i w / )/HX )/50/772 }/ﬂ/\’ }lsumj
{ C / - /b oy
k a : b - L - d c d \

Fig.1.Distribution of axial v _ and tangential Fig. 2. Increase in axial,
velocity v, in the channel and total shear rate y ~ tangential and total shear rate
with increasing screw speed

: . and decreasing the annular
speed @ and reducing the annular clearance width jearance width.

h

versus nominal y = with increasing screw

In fig. 1 position (a) corresponds to the nominal values of screw speed
and the annular clearance width 4. With increasing value @ (b) and with

decreasing the clearance width £ (c) the tangential velocity v_, flow velocity v,_,
and resulting total shear rate increase y_ respectively. An even greater increase in
the value y  is observed when the rotational speed increases together with a

reduction in the clearance width (d).
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In Figure 2, positions (a), (b), (c) and (d) correspond to the same positions in
Figure 1.

It can be seen from figure 2 that the tangential (y, ) and axial (y,_,) shear
rates increase with increasing magnitude @ and magnitude 4 respectively, and
according to equation (2) the total shear rate (y ) must increase compared to the

its nominal value » . According to equation (1), different values of the total

shear rate lead to different degrees of dissipative heating and different values of
melt temperature drop in the gap: y = — AT, y, ., > AT, 7., —> AT

Therefore, as shown in fig. 3, from the values

Jor obtained (y

suml?

ysumZ’ ysum3) detGMine the Onea

/=77 \which will provide the minimum temperature

Yo 2 inhomogeneity AT . .

/Iy

Yo 3 Fig. 3- Distribution of total shear rate in the

channel, R and R, are the radii of the disc and

.
R R- casing between which the melt flows.
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DEVELOPMENT CONCEPT OF A SCHEME TECHNOLOGY FOR THE
INTENSIFICATION OF THE WASTEWATER TREATMENT WITH
USING HYDRODYNANIC CAVITATION
d.t.s. Ivanytskyi H.K, c.t.s. Tselen B. Ya., c.t.s. Radchenko N.L.,
Chief technologist Shchepkin V.1.
Institute of Engineering Thermophysics, NAS of Ukraine

ABSTRACT: The authors experimentally studied the peculiarities of the
process of wastewater treatment of the dairy industry in the conditions of
hydrodynamic cavitation. It is determined that the cavitation method of wastewater
treatment can used as an independent method and combined with other methods.

AHOTAI[IA: ABtopamMu €KCIEPUMEHTAIBHO BHUBUYEHO OCOOJIHMBOCTI
MpOIECY  OYMINEHHS  BIAXOJMIB  BUPOOHHUIITBA  CTIYHMX BOJ  MOJIOYHOI
MPOMUCIOBOCTI B yMOBax TiIpoJAWHaMIYHOI  KaBiTauii. JloBemeHo, 110
KaBITAIIMHUNA METOJ OYMINEHHS CTIYHUX BOJ MOXE€ BUKOPUCTOBYBATHUCH
CaMOCTIITHO a00 X y MO€JHAHHI 3 IHIIUMU METOAAMHU.

Key words: cavitation method of purification, milk whey, wastewater.

In recent years, the requirements for the content of pollutants in production
waste have been increasing. In particular, in the wastewater of dairy industry
enterprises that falls into treatment systems. Sewage wastes of the dairy factory
consist of industrial waste products — water from rinsing, sludge, permeate, salty
milk whey, production and sanitary defect and is cleaned at local treatment plants
of the enterprise in accordance with the requirements of regulatory documentation
in the field of water supply and sewerage at the enterprise. After which they enter
water bodies or the city sewerage system.

The authors proposed the concept of a scheme technology for the

intensification of the wastewater treatment process of the dairy industry using
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controlled hydrodynamic cavitation. To develop the scheme of technology, we
used a cavitation reactor for grinding fibrous materials. The liquid part of
cavitation reactor consists of a impeller (cavitator) planted on the shaft of an
electric motor equipped with a frequency converter, a standard confusor, neck
(diameter 55 mm, length 67.5 mm) and diffuser. Speed in the neck of 6.8+8.2 m/s
and pressure in the impeller area of 0.15+0.22 MPa. The study carried out with the
duration of processing 90 s and different values of the number of cavitation — 1.8;
0.6 and 0.3.

Analysis of the obtained fractional distribution of the size (diameter) of fat
drops of milk whey (Figure 1) shows that with a processing time of 90 s and the
number of cavitation 0.3, the average diameter of fat drops is 2.6 microns. At the

same time, the vast majority are fat drops with a diameter of less than 2 microns.
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Figure 1 — Fractional distribution of the size (diameter) of fat drops of milk
whey after 90 s of cavitation treatment at different values of the number of

cavitation: 1 -~ 6=0.3;2-06=0.6;3-c=1.8

Conclusions. In this report provides the results of experimental studies for
the development of the technology scheme concept to intensify the process of
treatment of dairy industry sewage with the use of hydrodynamic cavitation
method are presented. It is determined that the cavitation method of wastewater

treatment can used as an independent method and combined with other methods.
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cyMilen
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IncturyT Texniunoi Temnogizukn HAH Ykpainu

AHOTAIIIA: B po0oTi  [I0BENEHO  JOLUIBHICTh  BUKOPUCTAHHS
EKCTPY31HOTO MeTOAy OOpOOKM TOJ03€pHOTO BiBCa B CKJIAJl CYyXHUX JIETHUYHHX
cymimei. ExciepuMeHTaIbHUM HUISSXOM BCTAHOBIICHO, 1110 00poOKa B €KCTpyiepl
roJI03€pHOTO BiBCa 3a0€31e€4Uy€ BUCOKY SKICTh KIHIEBOI CyXO0l CyMiIlll Ta MOJOBXKY€
TepMiH 1i 30epiranHs. Bu3HaueHO HEOOXIIHICTh BBEACHHS €Tamy O0OB’S3KOBOIO
MEXaHIYHOrO0 NOJAPIOHEHHS EKCTpyJaTy Ha MIIMHI Ta ONTUMAaJIbHUM Jlala3oH
pPO3Mipy YACTHHOK, SIKMI 3a0€3MeuuTh PIBHOMIpHE HAOyXaHHS MPU MOAATBIIOMY
PUTOTYBaHHI.

ABSTRACT: The article proves the prospects of using an extruder for
processing naked oats in dry mixes. It is experimentally determined that the
processing in the extruder provides high quality product and increases the shelf
life. The need for mandatory mechanical grinding of the extrudate at the mill has
been determined. Determined the optimal range of particle size, which will ensure
uniform swelling of the mixture during its preparation.

Knrwouoei cnoea: rono3epHuil oBec, EKCTPYyAep, CyXi JIETUUHI CyMiIIi.

JlieTnuHe XapuyBaHHs 3 KOXKHUM POKOM HaOyBae Bce OUIBILOI MOMYJISPHOCTI
B YkpaiHi 1 cBiTi. [Ipu npomy, crioctepiraeTbCcsi 3pOCTaHHS MONUTY Ha MPOIYKTH
OCHOBY SIKMX CKJaJa€e Tojo3epHuil oBec. B VYkpaiHi BIJICOTOK mepepoOKu
r0JIO3EPHOT0 BiBCAa HU3BKUI Yepe3 Te, 1[0 OCHOBHA YacTHHA Bpoxkaro (85%) i1e Ha
eKcrnopT B iHII kpaiHu. [Ipu 1pomMy, BUHUKaE AePIUIUT TIETUYHOI MPOAYKIlT Ha
BHYTpPIIIHBOMY PHUHKY. Y 3B’SI3Ky 3 LUM, NEPIIOYEProBUM 3aBIaHHSAIM € HOTO
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MOJOJIaHHS, a 11€ MOXIJIMBO 33 PaXyHOK pO3POOKH HOBUX TE€XHOJIOT1 BUPOOHUIITBA
JTIETUYHUX TPOJIYKTIB Ta HOBUX PEUEHTYP.

B pamkax manoi npo6iaematuku B ITT® HAHY npoBoaaTses q0CaiKeHHS
3 METOI0 PO3POOKH HOBUX PELENTYpP CYyXHX IIETUYHUX CYMIIIEH OCHOBY CKIamy
SAKUX CTAHOBUTH EKCTPYJOBaHUH TOJI03EPHUI OBEC.

B pe3ynbpTaTi MpOBEAEHOr0 KOMIUIEKCY E€KCIIEPUMEHTAJIbHUX AOCTIIKEHb
JOBEICHO  JOLIJIBHICTh BUKOPUCTaHHS  €KCTPY3IMHOIO METoAy OOpoOKu
roJIO3EPHOTO BiBCa JJISI OTPUMAHHS CyXHX HIETUYHUX cyMilie. 30kpema, aHami3
3pa3KiB MOKa3aB, 10 B XOJI1 EKCTPY3ii JOCATHYTO PYWHYBAHHS CTPYKTYPH 3€pHa A0
KJIIITUHHOTO PIBHS, >EJaTUHI3allll KPOXMalll0, BUAUICHHS XUPY Ta yTBOPEHHS
MOPUCTOI CTPYKTYpH, fKa Maja BHIJISAJ cIlydeHoro crtpeHry (puc. la). Sk
pe3ynbTaT 1€ J03BOJMIO MOJIMIIUTH SKICTh NMPOAYKTY 33 PaXyHOK IIJBUIIEHHS
HOro TMOXWBHOI I[IHHOCTI Ta 30UIBIIMTH TEpPMIH 30€piraHHs 3a pPaxyHOK
BHCOKOTeMIIepaTypHOi 00poOku. OpHaK, po3MIpU yTBOPEHUX CHUIIYYUX CTPEHT,

HE3QJIEXKHO BIJI PEXKHUMIB €KCTpy3ii, TMOKa3adu HEOOXIJHICTb BBEJACHHS

JI0JIATKOBOI'0 €Taly MEXaHIYHOTO MOAPIOHEHHS eKCTPYIaTy Ha MJuHI (puc.10).

a — CcTpeHr; 0 — MOApiOHEHWH Ha MJMHI CTPEHT; B — MIKPOCTPYKTypa

MOoApPiOHEHOTO CTPEHTY.
Pucynok 1 — ExkcTpynoBaHuii rono3epHui oBec

BcTtanoBieHo, 1110 ONTUMAJIBHUI PO3MIp YaCTHHOK MICis MOAPIOHEHHS Ha
MIuHI Mae ckiaaatu Big 40 qo 80MkM. (puc.1B), a iX niana3oH Mae 3HAXOJUTHUCH Y
BY3BKHX MeXax JIJIsl 3a0€3MeUeHHs pIBHOMIPHOTO Ha0yXaHHS CyX0i CyMiIIi.

BucHoBkn. OtpumaHi pe3yJbTaTH TMOKa3add MOXJIUBICTh OJEpKaHHS
BUCOKOSIKICHUX CYXHUX [JIETUYHMX CyMIIIEd HAa OCHOBI €KCTPYJIOBaHOIO
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r0JIO3EPHOTO BiBCa 3 TPUBAIUM TEPMIHOM 30epiranHs. BcTaHOBIEeHO HEOOX1THICTD
BBEJICHHA OOOB’A3KOBOT0 €Tally MEXaHIYHOrO MOApPIOHEHHS Ha MJIMHI s
3a0€e3Me4eHHs] OJHOPIAHOCTI AUCHEPCHOrO CKJIady. Bu3HaueHo, ONnTUMaiabHUN

PO3Mip YaCTUHOK, Ta iX Jiama3oH.
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EFFECT OF HYDRODYNAMIC CAVITATION ON THE PROCESS OF
WASTEWATER TREATMENT OF DAIRY INDUSRTY
d.t.s. Ivanytskyi H.K, c.t.s. Tselen B. Ya., c.t.s. Radchenko N.L.,
Chief mechanic Shulyak V.V.
Institute of Engineering Thermophysics, NAS of Ukraine

ABSTRACT: In this report presents the results of research aimed at
developing the concept of a technology scheme for intensifying the process of
waste treatment of waste production of wastewater of the dairy industry using the
method of hydrodynamic cavitation. The results showed that the effect of
purification during cavitation can be achieved in shorter than turbulent stirring and
in the future can be realized as an independent method.

AHOTAIIA: 1lpenctaBiaeHo pe3yabTaTu AOCTIIKEHb, 1110 CTald OCHOBOIO
npu  po3poOlll KOHIEMIIi CXeMH TEXHOJOTil g 1HTeHcu@ikaiii mpoiecy
OYMIIICHHS BIIXOJIB BHPOOHMIITBA CTIYHHUX BOJ MOJIOYHOI IPOMHUCIIOBOCTI 13
3aCTOCYBaHHSAM METOAY TIApoAMHAMIYHOI KaBitamii. JloBegeHo, 1m0 edekT
OUMILICHHS T1J Yac KaBiTalli JOCATAaeTbCs 3a KOPOTIIMKA 4Yac aHDK TMpuU
TypOyJIEHTHOMY NEPEMIIIYBaHHI 1 B MOJAJbUIOMY MOXE BHUKOPHUCTOBYBATHUCH SIK
CaMOCTIMHUHN METO/I.

Key words: cavitation method of purification, milk whey, wastewater.

Authors consider the concept of a scheme technology for the intensification
of the wastewater treatment process of the dairy industry using controlled
hydrodynamic cavitation. The phenomenon of hydrodynamic cavitation creates
strong discrete-impulse dynamic effects on the disperse system that is processed. It
also creates a directed effect on micro- and nano- levels on submolecular
structures, cells of microorganisms, the course of chemical and biochemical

reactions in solutions.
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In order to study the mechanism of influence of cavitation on polydisperse
systems, the authors conducted experimental studies. In particular, effect of
cavitation treatment duration on the effect of purification of milk whey by fats, on
suspended substances, chemical oxygen consumption and biological oxygen
consumption. As a polydisperse system, samples of wastewater of the dairy
industry were taken.

Figure 1 showed the results of the study of the effect of cavitation treatment
duration (at the value of the number of cavitation 0.3) on the effect of purification
of milk whey by fats, on suspended substances, chemical oxygen consumption and
biological oxygen consumption. It is established that with an increased duration of
processing, the concentration of fat decreases by 22%, suspended substances by
15+18%, chemical oxygen consumption by 8+10% and biological oxygen
consumption by 3+5% (figure 1a). Figure 1b shows the results of the study with
similar treatment parameters for the effect of wastewater treatment of fats,

suspended substances, chemical oxygen consumption and biological oxygen

consumption.
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Fig. 1 — Dependence of the effect of purification from the duration of
cavitation treatment a - milk whey; b - sewage: 1 — of fats; 2 — in suspended
substances; 3 — by chemical oxygen consumption; 4 — by biological oxygen

consumption.
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From the resulting dependence, it can be seen that with a duration of cavitation
treatment of 60+90 s with a cavitation number of 0.6+0.3, the concentration of fat
decreases by 20+25%, suspended substances by 22%, chemical oxygen
consumption 12+15%, biological oxygen consumption by 9+12%.

Conclusions. The results of conducted experimental studies on the study of
regularities of purification of milk whey, sewage in cavitation flow show that the
effect of purification during cavitation can be, achieved in a short time than in

turbulent stirring.
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AHOTAIIIA: B po0oTi  [I0BEIEHO  JOUUIBHICTh  BUKOPUCTAHHS
EKCTPY31HOTO MeTOAy OOpOOKM TOJ03€pHOTO BiBCa B CKJIAJl CYyXHUX JIETHUYHHX
cymimei. ExciepuMeHTaIbHUM HUISSXOM BCTAHOBIICHO, 1110 00poOKa B €KCTpyiepl
roJI03€pHOTO BiBca 3a0€3Me4y€e BUCOKY AKICTh KIHIIEBOI CyXO01 CyMillll Ta MOJOBXKYE
TepMiH 1i 30epiranHs. Bu3HaueHO HEOOXIIHICTh BBEACHHS €Tamy O0OB’S3KOBOIO
MEXaHIYHOrO0 NOJAPIOHEHHS EKCTpyJaTy Ha MIIMHI Ta ONTUMAaJIbHUM Jlala3oH
pPO3Mipy YACTHHOK, SIKMI 3a0€3MeuuTh PIBHOMIpHE HAOyXaHHS MPU MOAATBIIOMY
PUTOTYBaHHI.

ABSTRACT: The article proves the prospects of using an extruder for
processing naked oats in dry mixes. It is experimentally determined that the
processing in the extruder provides high quality product and increases the shelf
life. The need for mandatory mechanical grinding of the extrudate at the mill has
been determined. Determined the optimal range of particle size, which will ensure
uniform swelling of the mixture during its preparation.

Knrwouoei cnoea: rono3epHuil oBec, EKCTPYyAep, CyXi JIETUUHI CyMiIIi.

JlieTnuHe XapuyBaHHs 3 KOXKHUM POKOM HaOyBae Bce OUIBILOI MOMYJISPHOCTI
B YkpaiHi 1 cBiTi. [Ipu npomy, crioctepiraeTbCcsi 3pOCTaHHS MONUTY Ha MPOIYKTH
OCHOBY SIKMX CKJaJa€e Tojo3epHuil oBec. B VYkpaiHi BIJICOTOK mepepoOKu
r0JIO3EPHOT0 BiBCAa HU3BKUI Yepe3 Te, 1[0 OCHOBHA YacTHHA Bpoxkaro (85%) i1e Ha
eKcrnopT B iHII kpaiHu. [Ipu 1pomMy, BUHUKaE AePIUIUT TIETUYHOI MPOAYKIlT Ha
BHYTpPIIIHBOMY PHUHKY. Y 3B’SI3Ky 3 LUM, NEPIIOYEProBUM 3aBIaHHSAIM € HOTO
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MOJOJIaHHS, a 11€ MOXIJIMBO 33 PaXyHOK pO3POOKH HOBUX TE€XHOJIOT1 BUPOOHUIITBA
JTIETUYHUX TPOJIYKTIB Ta HOBUX PEUEHTYP.

B pamkax manoi npo6iaematuku B ITT® HAHY npoBoaaTses q0CaiKeHHS
3 METOI0 PO3POOKH HOBUX PELENTYpP CYyXHX IIETUYHUX CYMIIIEH OCHOBY CKIamy
SAKUX CTAHOBUTH EKCTPYJOBaHUH TOJI03EPHUI OBEC.

B pe3ynbTaTi MpoBENEHOr0 KOMIUIEKCY E€KCHEPUMEHTAIbHUX OCTIIKEHb
JOBEICHO  JOLIJIBHICTh BUKOPUCTaHHS  €KCTPY3IMHOIO METoAy OOpoOKu
roJIO3EPHOTO BiBCa JJISI OTPUMAHHS CyXHX HIETUYHUX cyMilie. 30kpema, aHami3
3pa3KiB MOKa3aB, 10 B XOJI1 EKCTPY3ii JOCATHYTO PYWHYBAHHS CTPYKTYPH 3€pHa A0
KJIIITUHHOTO PIBHS, >EJaTUHI3allll KPOXMalll0, BUAUICHHS XUPY Ta yTBOPEHHS
MOPUCTOI CTPYKTYpH, fKa Maja BHIJISAJ cIlydeHoro crtpeHry (puc. la). Sk
pe3ynbTaT 1€ J03BOJMIO MOJIMIIUTH SKICTh NMPOAYKTY 33 PaXyHOK IIJBUIIEHHS
HOro TMOXWBHOI I[IHHOCTI Ta 30UIBIIMTH TEpPMIH 30€piraHHs 3a pPaxyHOK
BHCOKOTeMIIepaTypHOi 00poOku. OpHaK, po3MIpU yTBOPEHUX CHUIIYYUX CTPEHT,
HE3QJIEXKHO BIJI PEXKHUMIB €KCTpy3ii, TMOKa3adu HEOOXIJHICTb BBEJACHHS

JI0JIATKOBOI'0 €Taly MEXaHIYHOTO MOAPIOHEHHS eKCTPYIaTy Ha MJuHI (puc.10).

a) 0) B)

a — CcTpeHr; 0 — MOApiOHEHWH Ha MJMHI CTPEHT; B — MIKPOCTPYKTypa

MOoApPiOHEHOTO CTPEHTY.
Pucynok 1 — ExkcTpynoBaHuii rono3epHui oBec
BcTtanoBieHo, 1110 ONTUMAJIBHUI PO3MIp YaCTHHOK MICis MOAPIOHEHHS Ha
MIuHI Mae ckiaaatu Big 40 qo 80MkM. (puc.1B), a iX niana3oH Mae 3HAXOJUTHUCH Y
BY3BKHX MeXax JIJIsl 3a0€3MeUeHHs pIBHOMIPHOTO Ha0yXaHHS CyX0i CyMiIIi.
BucHoBkn. OtpumaHi pe3yJbTaTH TMOKa3add MOXJIUBICTh OJEpKaHHS
BUCOKOSIKICHUX CYXHUX [JIETUYHMX CyMIIIEd HAa OCHOBI €KCTPYJIOBaHOIO
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r0JIO3EPHOTO BiBCa 3 TPUBAIUM TEPMIHOM 30epiranHs. BcTaHOBIEeHO HEOOX1THICTD
BBEJICHHA OOOB’A3KOBOT0 €Tally MEXaHIYHOrO MOApPIOHEHHS Ha MJIMHI s
3a0€e3Me4eHHs] OJHOPIAHOCTI AUCHEPCHOrO CKJIady. Bu3HaueHo, ONnTUMaiabHUN

PO3Mip YaCTUHOK, Ta iX Jiama3oH.
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Barium chloride is a solid chemical compound having the formula BaCl, (if
in powdered, or anhydrous, form) or BaCl2:2H>O (if in crystalline form)[1-2]. It
has a high solubility in water, which increase with the temperature increasing.
During heating over 113°C barium chloride lost the water of crystallization and
transform to the white powder. In in anhydrous form it has the density of 3.86
g/sm’ and malted under 962°C [3].

The barium chloride has a wide range of applications in industry and
agriculture.

In agriculture, the barium chloride is used as poison for the pest of
horticultural and garden crops.

The water solution of barium chloride with concentration of 3-5% is an
enteric poison for many pests, for example white beet pests (Asproparthenis
punctiventris), cotton plant, vegetable plant crops, vine shoot, berry and orchard
crops, clover, Lucerne and others field grasses.

In industry, the anhydrous form of barium chloride (BaCl> ) is used
primarily as an ingredient in heat-treating salts and metal fluxes--molten baths used
to harden metal parts, usually small specialty steel parts such as tools and dies. 30.
Crystalline barium chloride (BaClz2-2H20) is used primarily as an intermediate in
the production of molecular catalyst sieves, which in turn are used in oil refinery
complexes to separate out industrially useful paraxylene molecules from other
mixed xylenes. [2].
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There are many methods for obtaining of barium chloride, but in industry
the hydrochloric acid and calcium chloride methods are most widely used. The
sodium chloride, ammonium chloride, magnesium chloride chore and others
methods do not have wide range of application despite some of them may be
effective.

In technological scheme of the calcium chloride methods the concentration
of barium chloride and calcium solutions are realized in vacuum evaporation
plants. This is serious disadvantage of this method since high energy requirements.
As it was shown in work [1], the analysis of the costs of barium chloride
production has a significant importance. The increasing of the energy effectivity of
barium chloride production is possible by including the reverse osmosis before
evaporation stage. This allow to decrease of the steam requirements in evaporator,
since the reverse osmosis require much less energy for the concentration. However,
the data about effectivity of reverse osmosis separation of barium chloride solution
are insufficient.

For testing of the hypothesis about the possibility of the reverse osmosis
separation of barium chloride solutions with satisfactory effectiveness the

experiments were carried out. The results are shown of the figure 1 and 2.
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Figure 1. — The transmembrane flux vs. applied pressure
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Figure 2. — The rejection rate vs applied pressure

The results of the experiments show that the selectivity of separation in on
the level of 90-95% with satisfactory productivity. Therefore. The proposed
solution is attractive alternative way for existing processes. The proposed
technique has a high potential for improving of the technology of barium chloride

obtaining by calcium chloride methods.
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IncTutyT TexHiuHol Temogizuku HanionanbHoi akagemii Hayk YKpainu

TennmooOMiHHI amapatv 3aiiMalOTh BaXXJIUMBE MICLIE B MPOMUCIOBIN
TEIUIOEHEPIeTUlll, XIMI4YHINA, HaTOmepepoOHii, XapyoBii MPOMHUCIOBOCTI, B
KUTIOBO-KOMYHAJILHOMY TOCIOJAPCTBI Ta IHIIUX Tany3sx. Hailboinbin mommpeni
MJJACTUHYACTI Ta KOXKYXOTPYOH1 TEMIOOOMIHHUKH, 110 CEPIMHO BUIYCKAIOTHCS,
MaroTh PsiJ HEJOJIKIB.

B Iuctutryti TexHIYHOI Termaopi3uku YKpaiHW CTBOPEHO CTEHHA Ta
MPOBEJICHO E€KCIEPUMEHTAIbHI JOCIIKEHHSI IHTEHCUBHOCTI TEIUIoNepeaadl mnpu
BUKOPHUCTaHHI TOHKOCTIHHUX TrodpoBaHux Tpyo (& = 0,3 MM) pi3HUX Moaudikaiini
(kiplieBa Ta TBUHTOBA HakaTka). JlochmigkeHHs Moka3aiu, o ropoBaHi TpyOu
e(eKTUBHO TypOyi3yI0Th MOTIK y MPUCTIHHIN 30H1 Teyli, pyHHYIOUYH 110 00JaCTh
3a JIOTIOMOT0I0 BIIPUBHUX OOYypEHb MOTOKY, SIKi TEHEPYIOThCS TypOyIi3aTopamu 1
3a0€3MeuyloTh BHCOKI KOe(DillleHTH Terulonepenadi MOPIBHAHO 3 TJAJIKUMU
TpyOamu.

3a ponomororo CFD-moneni Oyno BUBYEHO BIUIMB reomerpii TpyO Ha
IHTEHCUBHICTh IPOLIECY TEIUIOOOMIHY, IO JO3BOJWJIO IIPOBECTH OIIHKY
e(heKTUBHOCTI TEIUIONEepeiayl B 3aJI€KHOCTI B PI3HUX MapaMeTpiB.

TeopeTnuHi Ta eKCIIEPUMEHTAIBHI JOCTIHKEHHS TTOKa3aJIM ePCIIEKTUBHICTh
JAHOTO HampsiMy Ta JO3BOJWIM CTBOPUTU €(EKTUBHUN KOXKYXOTPYyOHUI
TEIUIOOOMIHHUK Ha OCHOBI TOHKOCTIHHMX TodpoBaHux TpyO. IlopiBHsbHI

TEIUIOTEXHIYH1 BUMPOOYBaHHS HOBOTO TEIMJIOOOMIHHMKA OYyJI0 MPOBEIECHO HAa
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TEIJIOBOMY NyHKTI azamiHicTpatuBHOi Oyximi ITT® HAH Vkpaimn. VY
MJIACTUHYACTUX TEIUI00OMIHHMKAx MmoTyxHIcTIO Biag 300 no 600 kBT, koeditieHt
teronepenayui cranoButh 4000...4500 Br/M*K. YV HOBOMY TEIIOOOMiHHHKY
xoedilieHT Temnonepeaadi 3poctae 10 6000 Br/m*-K. Co6iBapTicTh BUTOTOBIEHHS
MJIACTUHYACTOrO TeriooOMiHHUKa GipmMu Anbda JlaBans cTaHOBUTH MPUOIU3HO 2
€Bpo/kBT. Co01BapTiCTh BUTOTOBJIEHHS KOXYXOTPYOHOIro TeII00OMIHHHMKA
CTAHOBUTH MPUOJIMU3HO BIBIUI MEHIIIE.

Po3pobnenuii TemnooOMIHHUK y Mpoueci BUIIpoOyBaHb MOKa3aB €(EKTUBHY
pobOTYy y BChOMY [iala3oHi 3MIHM TEIJOBUX HaBaHTaxeHb. (OCHaIIEHHS
IHIUBIAYabHUX TEIJOBUX MYHKTIB HOBUM TEIJIOOOMIHHUKOM J03BOJUTH Ha 20-
30 % 3MEHIIWTH BUTPATH HA 1X BUTOTOBJECHHS. /JIJIs OCHAIIEHHS THUIIOBUX
TEIUIOBUX MYHKTIB TEINIOOOMIHHUKAMH Ha OCHOBI TOHKOCTIHHUX rO()pOBaHUX TPYO
HEOOX1HO PO3POOUTH TUTIOBUM Psifi KOHCTPYKIIIN TaKUX TEIJIOOOMIHHHMX amaparTiB
PI3HOI MOTY>KHOCTI.

JocnikeHHs: TPOBOMASTHCA B paMKaxX IIILOBOI MpOrpaMyd HayKOBHX

nociimxkenb HAH Ykpainu «Pecypce-3» (mpoekt P 5.11).
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YK 536.242; 536.4
CIIOCIb TA OBJIAJHAHHSA TP TEPMOKOHTAKTHOMY
HATI'PIBAHHI I INIABJIEHHI BYTJIEBOJHEBUX CYMIIIEM

I.T.H., 3aB.Biaainy O6omosud O.M., cT. Hayk. ciiBp. Cunbasrina H.b.,
K.T.H., CT. HayK. criBp. Crenanosa O.€.

IncTutyT TexHiuHol Temogizuku HanionanbHoi akagemii HayK YKpaiHu

[Ipomiecn HarpiBaHHA 1 IUIABJICHHS OPraHIYHUX PEYOBUH 3 HHU3BKUM
KOe(]illIEHTOM TEIUIONPOBIAHOCTI, HAacaMIepea BYTJIEBOJHIB (BBaselniH, mapadiH,
Lepe3uH, BICK, HAQTONPOIYKTH TOIIO), a TaKOX PI3HOTO THUIY MOJIMEPHHUX
MarepialliB Ta OKPEMHUX BHUIB XapUOBUX MPOJYKTIB IIUPOKO PO3MOBCIOJKEHI B
xiMIuHI¥, HadTOomepepoOHid, QapmaneBTHUUHIN, XapyoBIM Ta IHIIKUX Tramy3ax
npoMHciIoBOCTI. KokeH 3 Takux MNpPOAYKTIB € CKIAQJHOK CYMIIIIII TBEPAUX,
PIIKMX Ta HAMIBPIAKUX BYIJVIEBOAHIB 13 PI3HOI MOJEKYJSPHOIO MAacolo 1 TOMY HE
Ma€e BU3HAUEHOI TeMIMEpaTypu MEpPexoay 3 OJHOIO arperaTHOro CTaHy B IHILIUM.
Yei 1l pedoBMHUM € HE HBIOTOHIBCBKMMHU PIIMHAMU 1 XapaKTePU3YIOThCS
3QJIEKHICTIO B’SI3KOCTI B1Jl TemmepaTypu. BIuimB Temmepatypu Ha peosIOTivyHI
MOKA3HUKU Ta Ha arperaTHUN CTaH TaKWUX MPOAYKTIB BIJIrpa€ Ba)JIMBY POJb MpHU
iX TpaHCHOpPTYBaHHI Ta eKCIUTyaTallii, [0 POOUTh MPOMHCIOBI MPOLECH
HarpiBaHHs Ta IUIABJICHHS 3aHAATO TPYJOMICTKUMU Ta €EHEPrOBUTPATHUMU.
Bigomo, 110 kiHeTHMKa MpoIleCy HAarpiBy Ta IUJIABJICHHS 3aJIeKUTh HE TIIBKHU Bijl
BJIACTUBOCTEH pPEUOBMHM, a W Bl 3aCTOCOBYBAHOI'O METOJy IUIABJICHHS.
CtpyktypHi 1 MOpQOJIOTIYHI 3MIHM PEYOBHH, SKI BiJOYBAIOThCS MpPU LHUX
MpoIlecax, MaloTh BEJIUKE 3HAYEHHS, TOMY 1[0 BU3HAYAIOThH SKICTh OJIEPKYBAHOIO
npoaykTy. Bce 1ie oOyMOBIIOE pi3HI BUMOTH JO MPOIECY IJIABICHHS KOXHOI
pPEUYOBMHU, a OTXKE, 1O PpEXKUMY HOro TMPOBEIAEHHS 1 BHUMAara€ po3poOKH

BIAMOBIIHOTO O0JIaTHAHHS.
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CTBOpEHO  €KCNEepUMEHTAIbHUU CTEHJ Ta pPO3pOOJIEHO  METOAUKY
MPOBEJIEHHS JOCIIKEHb, 110 JO3BOJUJIO OTPUMATH KIHETUYHI 3aKOHOMIPHOCTI
nepeliry mpoleciB HarpiBaHHs Ta IuiaBieHHs. Ha OCHOBI eKCepUMEHTabHUX Ta
TEOPETUYHUX  BUMPOOYBAaHb  JIOCHIPKEHO BIUIMB PEKUMHUX IapaMeTpiB
(TemmepaTypa HarpiBaya, TUCK Ha MOBEPXHIO PEUOBHMHH, IIOUYATKOBA TeMIepaTypa
BYIJIEBOJHEBOI CyMillll) Ha MIBUIKICTh Mepediry mpolieciB HarpiBaHHs 1 MIIaBJICHHS
JUTSl BU3HAYEHHS ONTUMAIbHUX MapaMeTpiB.

AHali3 JITepaTypHUX JOKEpen TOoKas3aB, 10 TpaJuiliiiHl  crocolu
pPO3ILJIABJICHHSI BYTJIEBOJHEBUX CyMIIlIEd 3a JOMOMOTOI0 PEakTOpiB, BaHH,
€JeKTPOTKAHHUX HarpiBauiB, KamMep HarpiBy Ta 1H. 4acTO € €Hepro3aTpaTHUMHU,
TPYAOMICTKMMHU Ta KOHTaMiHaIliiHO  HeOe3neuHumu. Hampuknaa, npu
BUKOPHUCTaHHI BAHHU 3 00IrPIBOM 00OJIOHKH HEMOXJIUBO JOMOTTHUCS PIBHOMIPHOTO
MPOTPIBY BCi€T MacH PEUOBUHHU, & OTXKE, 1 AKICHOT TEMJIOBOT 0OPOOKH.

B [HCTUTYTI ~ TEXHIYHOI  TewIOPI3UKK  PpO3pOOICHUN croci0
TEPMOKOHTAKTHOTO IUJIABJICHHS 32 PaxyHOK KOHTAaKTHOTO Ta KOHBEKTHUBHOIO
MepeHocy Termsa, 10 JI03BOJIsIE 1HTEHCU(IKYBaTH TMPOIEC 1 3MEHIIUTHU
eHeproputpatu. Crnocid TuIaBiIEHHS TBEPAOi BYIVIEBOAHEBOI CyMIillll MOJISITAE Y
MiJIBEJICHH] TEIIoTH Oe3nocepenHbo 10 (PpoHTYy (a30BOro MNEpeTBOPEHHS 3a
JIOTIOMOTOI0 JIUCKOBOT'O HarpiBaya, SIKMM KOHTAKTy€ 13 30BHIIIHBOI) TPAHUIIECIO
HEPO3IUIABJICHOI PEYOBUHH, L0 MOCTYIOBO MEPEMIIIYEThCA B HIM I JIE0 CHIN
TSOKIHHSL Ta TEpETIKaHHS PO3IUIABICHOI CYMIIll Yepe3 3a30pu MiXK OOKOBUMHU
MOBEPXHSMH HarpiBaua Ta CTIHKOIO €éMHOCTI. [Ipu oMy Temmeparypa JIUCKOBOIO
HarpiBaya B 30HI KOHTaKTy 3 PEUYOBHUHOIO MIATPUMYETHCS HUKYE TeMIEepaTypH ii
necTpykuii. B ToBmII po3miaBy HOiATPUMAHHS —TEMIEpAaTypu IUIaBICHHS
B1IOYBa€ThCSl 3a PAXyHOK KOHBEKTHMBHOI TEIUIONEpenadl BiJl BEPXHBOI MOBEPXHI
Harpipaua.

Ha ocHOBI1 npoBeieHUX JOCTIIXKEHb PO3p00JIeHa Ta BUTOTOBJIEHA YCTAaHOBKA

JUTSl HAarpiBaHHSI Ta TUIABJICHHS BYTJIEBOJHEBUX CYMIIIICH.
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Po3pob6nenuit cnoci6 Ta ycTaHOBKa JiJii TEPMOKOHTAKTHOTO HarpiBaHHS Ta
IJIABJICHHS JIO3BOJISIE IIBUAKO Ta SKICHO PO3IUIABUTH HEOOXIAHY KIJIBKICTh

PEUYOBHMHM JIJISl TPAHCIIOPTYBAHHS HA HACTYIIHI CTaJl1i BUPOOHUIITBA.
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UDK 66.02.011
MODELING OF TEMPERATURE FLUCTUATIONS

IN POLYMER EXTRUSION
student Trachuk Y. V., Ph.D., assistant professor Ph. D. Shved M.P.
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT. Plastics are used in almost all industries and and household,
that 1s why, as at 2020, the world volume of production of plastic products made
up 367 million tons [1]. In order to implement the strategy of sustainable
development and to use energy and material resources as effectively as possible,
there is a need to create universal and flexible schemes of plastic processing. In
modern technological schemes it is increasingly used disk extruder with dosed
power for polymer melting and homogeneous melting, and for creating pressure
and dosing gear pump. High-quality homogenization of melt and uniformity of its
feeding are important factors for obtaining a quality product. That is why the study
and further development of mathematical models of hydrodynamic and thermal
processes taking place in the disk extrusion is an actual task.

KEY WORDS: DISK EXTRUDER, MELTING ZONE,
HOMOGENIZATION OF HOT MELT

AHOTAINISA. IlnactmMacu BHKOPHUCTOBYIOTBCS Malke y BCIX Tramy3sx
IIPOMHUCIIOBOCTI Ta MoOyTy, came Tomy, ctaHoM Ha 2020 pik cBiTOBHiIl 0OcAr
BUPOOHMIITBA IIJIJACTMACOBUX BHPOOIB ckiaB 367 wMinslioHIB TOH [1]. 3apamm
3M1MCHEHHSI CTpaTerii CTajoro pO3BUTKY Ta sAKOMOTa OuUIbII €(QEKTUBHOTO
BUKOPHUCTAaHHS €HEPreTUYHUX Ta MaTepialbHUX PECYpCIB 1 BUHUKAE Morpeda y
CTBOPEHHI YHIBEpPCAJIbHUX Ta THYYKHX CXEM MEpPepoOKH IiacTMac. Y CydacHHX
TEXHOJIOTIYHUX CXEeMax BCE€ YacTille IJis IJIABJICHHS MOJIIMEpPYy Ta TOMOTeH13aIlli
pO3IIaBy BUKOPHUCTOBYETHCS JUCKOBHUM €KCTPYIEP 3 JO30BAHUM KUBJICHHSM, a

JUIsl CTBOPEHHSI TUCKY Ta J03yBaHHs LIECTEPEHHMI Hacoc. SIKiCHa TOMOTreH13allis
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pO3IIaBy Ta PIBHOMIPHICTh MOT0 TMoOAaudi € BaXIMBUMHU (aKTOpamMu IJis
OTpUMaHHS SKiCHOTO MpoaykTy. Came TOMy, BUBYCHHS Ta TOJAJIbINE CTBOPEHHS
MaTeMaTUYHUX MOJeJied TiAPOAMHAMIYHMX Ta TEIUIOBUX TMPOIIECIB, IO
B1I0YBAIOTHCS Y AUCKOBOMY €KCTPYIEP1 € aKTyaJIbHUM 3aBJAAHHSIM.

KJIFOYOBI CJIOBA: JIMCKOBUIA EKCTPY JIEP, 30HA
[IJTIABJIEHHSA, TOMOT'EHI3AILILA PO3ITJIABY.

The quality of products in the extrusion of polymers to a large extent
depends on fluctuations of the melt temperature at the exit of the extrusion. If the
temperature fluctuations are too large, the product quality is significantly
deteriorated. For example, there appears irregularities in mechanical and physical
and chemical properties, optical properties are deteriorated and dimensional
tolerances are exceeded. The permissible temperature fluctuation limits depend on
the properties of the polymer and the requirements to the product. It is known that
defects of the final product are found at temperature fluctuations greater than 1 °C.
In the real conditions, the amplitude of temperature fluctuations in the process of
extrusion can reach more than 10 °C.

The reduction of temperature fluctuations amplitude and its adjustment is
possible when used as a disc extractor homogenizer with dose-regulated supply.

The peculiarity of such an extruder, figure 1, is the presence of loading -
plastic zone (LPZ), which is intended for capturing polymer, which is fed by screw
meter, partial or full melting and feeding it in working clearance. It should be
noted that the melt in the exit from the LPZ has a significant temperature
inhomogeneity. Homogenization and temperature equalization occurs in the

working clearance.
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7 | Raw material
Y

1 — dosing auger; 2 — loading throat; 3 — loading - plastic zone with n-slot
worm; 4 — working clearance; 5 — discharge opening; 6 — drive system
Figure 1 — Disk extruder scheme

In the narrow clearance between the moving and the real-estate organs of the
disc mixer there are significant normal stress, which act in the plates, which are
parallel emn disks. This causes secondary currents in the material from the
periphery of the discs to their centers. If a hole is located in the center of the disc,
the material will be pressed out of it, and the pressure that occurs at the exit of the
extrusion depends on the pressure created in the LPZ and on the normal voltage
that occurs in the deformed material.

It i1s accepted that the disk melt - homogenizer consists of three zones:

feed section, melting zone, homogenization zone (working zone).

When investigating the operation of disk-based extrusion units, it is
necessary to first analyze each zone separately. For example, the feed section
should ensure that the material is captured and transported with a certain
productivity in the melting zone, and the melting zone - qualitative melting of the
material and the flow of melt into the working zone, where under the influence of
large bending is its intensive mixing. The effect of the normal stress that takes
place in this zone, causes the center flow of the material and its output through the

forming head. Such functional separation of the disk decoder on the zone is formal.
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Analysis, mathematical modeling and development of algorithm of
calculation of the process of disk extrusion were considered in detail in the work
[2].

According to previous experimental studies, the dependence of the
amplitude of the temperature inhomogeneity on the general shearing deformations
was determined, figure 2, from which it is evident that with the increase of the
general shearing deformations of the amplitude of temperature fluctuations is
reduced. It ought to be noted that the following disc extrusion can be adjusted at

the same speed as the disc rotation speed and the operating clearance.

6

AT,°C

5

’0.0.

800 1000 2000 3000 4000 1 s

Figure 2 — Dependence of amplitude of temperature fluctuations on general
shearing deformations
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YK 621.21
EVALUATION OF QUALITY OF HYDRODYNAMICS IN GAS
DISTRIBUTION DEVICES FOR NON-UNIFORM FLUIDIZATION
Kornienko Y.M., Haidai S.S., Yevziutin P.Y., Sameliuk O.V.

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT: The conditions of introduction of the liquefying agent through
the slits of the gas-distributing device are substantiated, at which the absence of
immobile zones of granular material on the working surface of the gas-distributing
device is ensured and the qualitative hydrodynamic regime of inhomogeneous jet-
pulsation fluidization is realized. The influence of the coefficient of living cross-
section of the slit-type gas-distributing device on the hydrodynamic activity at
which inhomogeneous jet-pulsation fluidization in the self-oscillating mode is
provided is investigated.

KEY WORDS: FLUIDIZED BED, HYDRODYNAMICS, NON-UNIFORM
FLUIDIZATION, GRANULATION.

OLIHKA SAKOCTITTAPOAUHAMIKMU B I'A30PO3IIOAIIBHUX
NPUCTPOSIX JJI51 HEOJHOPIIHOI'O ICEBJAO3PLI’KEHHS
Kopnienko S.M., T'aitnait C.C., €B3toT1in [1.YO., Camemntok O.B.

HaunioHa,ibHUil TeXHIYHUI YHIBepCcUTET YKpaiHu

«KuiBcbKui noJiTexHiyHui iIHcTUTYT iMeHi Irops Cikopebkoro»

AHOTALIA: OOrpyHTOBaHO YMOBHM BBEACHHS 3pIJKYBaJIbHOIO areHTy

yepe3 mmuHU ['PII, mpu gxux 3abe3nedyeTbcs BIICYTHICTH MaJOPYyXOMHUX 30H
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3epHHUCTOr0 Matepiany Ha poOouiii moBepxHi ['PII Ta peanidyeTbcs sIKiCHUN
TAPOJMHAMIYHUN pEeXKUM HEOJHOP1THOTO CTPYMEHEBO-ITYJIHCAI[IHHOTO
ncepao3pimkeHHs.  JlocmimkeHo  BIUIMB — Koe(dillieHTa >KUBOTO  MEpepizy
ra3opo3noAiIbHOTO MPUCTPOIO MIUIMHHOTO THUIMY Ha T1APOAMHAMIYHY aKTUBHICTD,
npu SIK1H 3a0€e3Meuy€eThCs HEOHOPIIHE CTPYMEHEBO-ITyJIbCAIlIiHE
MICEBA03PIIKEHHS B ABTOKOJIUBAIbHOMY PEXKUMI.

KJTFOY90BI C/I0BA: TICEBJIO3PIDKEHMI IIAP, TTJIPOJIMHAMIKA,
HEOJHOPIAHE IMCEBAO3PIJDKEHHSA, TPAHYJIALIA.

Intensification of transfer processes during dehydration and granulation
processes of liquid multicomponent systems containing components of mineral and
organic origin using the fluidization technique of the layer significantly depends on
the method of interaction of gas coolant and granular material. This is especially
true when obtaining granular humic organic-mineral fertilizers in a fluidized bed
[1-10]. In these works, as well as in [11-20] it was found that the intensification of
heat and mass transfer processes in the granulation of liquid heterogeneous
systems can be achieved by implementing a jet-pulsation fluidization mode to self-
oscillating mode [11-20], without mechanical pulsators.

To implement the mechanism of granulation of humic organic-mineral
composites with a layered structure, it is necessary to ensure intensive circulation
of granular material with gradual passage through the relevant technological zones
of the device: zone of intensive heat exchange (3.1.), upstream zone (3.B.),
irrigation zone (3.3.), and the zone of downward movement — relaxation (3.P.),
Figure 1 [11-20].

In the zone of intensive heat exchange (3.1.), located directly near the
working surfaces of GDD, Figure 1, the pulse is transferred from the liquefying
agent with Ti, temperature to solid particles, as a result of which they move at

speeds exceeding the speed of pneumatic transport and intense evaporation
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moisture. After that, the particles from the zone of intensive heat and mass transfer
(3.1.) fall into the zone of upward flow (3.B.) and are transferred to the irrigation
zone (3.3.), where the distribution of the liquid phase on the surface of solid
particles, which due to the adhesive-sorption forces is retained on their surface in

the form of a thin film.

3B.

A I'eTeporenna
3% B piaka daza

Z.H. — zone of intensive heat exchange; U.Z. — upward zone;
LZ. —irrigation area; 3.P.— zone of downward flow (relaxation)
Figure 1 — Physical model of the granulation process with inhomogeneous

jet-pulsation fluidization.

The process is accompanied by the saturation of the gaseous medium with
moisture to the temperature of the wet bulb thermometer and its subsequent
removal from the apparatus with the temperature of Tou. Solid particles, on the
surface of which a micro-layer is formed due to evaporation of moisture and mass
crystallization, move to the relaxation zone (3.P.) where the newly formed

structure is strengthened. At the same time there is a sorption of moisture vapor by
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dry granules. The remaining moisture is transferred to the gaseous coolant, which
moves in the filtration mode through a layer of granular material.

From the zone (3.P.) the granular material enters the zone (3.1.) again. The
process 1s repeated many times, until the granules reach the specified equivalent
diameter, that is the device operates in self-oscillating mode.

Therefore, the efficiency of the dehydration and granulation process is
determined by the driving force of the mass transfer process in the gas coolant and
the renewal of the contact surface of the phases in the irrigation zone (3.3.).

The organization of such interaction of the gaseous medium with solid
particles i1s achieved through the use of a slit-type gas-distributing device (GDD)
Figure 2 [17-18].

I A ] A _
" B " B
//\ /,\
V4
_ < <
ot h ot
L=0.7B 5
T T
4 R 4
a) 0)

1 — the case of the device; 2 — right grate; 3 — left grate;
4 — horizontal surface of the working plate of GDD; 5 — narrowing inserts
Figure 2 — Structures of GDD slot type [17-18]:
a) type 1, full profile, b) type 2, with narrowing inserts.
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According to the results of studies of the granulation process [17-18] it was
found that on the surface of the working plate 4, Figure 2, there are areas located
near the side vertical walls of GDD 5, Figure 2, in which the gas velocity is less
than 25 m / s. In these zones, the risk of formation of stagnant zones with
subsequent melting of the material increases significantly, which will stop the
granulation process and limit the driving force of the process by temperature.

To determine the influence of the living section coefficient on the creation of
zones on the surface of the working plate with a speed of at least 25 m / s,
simulations were performed in SolidWorks 2022 SP2.

Assessment of the quality of the hydrodynamic regime on the horizontal
surface of the GDD was performed on the index of hydrodynamic activity:

iha = F25/ Fa, (1)
where F2s — area on the working horizontal plate, in which the speed is not less
than 25 m/s, m?; F.; — total area of the horizontal working plate, m?.

The simulation results are given in the form of the velocity field of the gas

liquefying agent, Figure 3.
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Figure 3 — Speed fields for GDD with narrowing inserts

(the device works under discharge of 4000 Pa and with a volume flow 0.043 m?/s.)

The simulation study was performed according to the results [17-18], in
which inhomogeneous jet-pulsation fluidization was achieved, namely: volumetric
gas consumption V:=0.043 m¥/s, the device is under a vacuum of 4 kPa.

In the Table 1 are shown the results of virtual research in the form of an
index of hydrodynamic activity in. — the ratio of the area over which the gas
velocity exceeds 25 m/s to the total area of the horizontal part of the working plate
of the GDD. The area was measured using a dimensional grid as shown in Figure 3
with an accuracy of 2 mm.

Table 1 — The results of determining the index of hydrodynamic activity i,

¢, %o
Type GDD 3.0 3.5 4.0
Index of hydrodynamic activity ine=F2s/Fau
Without narrowing inserts 0.92 0.87 0.67
With narrowing inserts 0.97 0.9 0.76
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The dependence of the hydrodynamic activity index on the coefficient of

living cross section of slits of GDD is shown in Figure 4.
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Figure 4 — Dependence of the hydrodynamic activity index on the coefficient

of living cross section of GDD of two types — in=f(¢)

The dependence obtained by the simulation results shows that with a
decrease in the parameter ¢ from 4.0 to 3.0%, the difference in the hydrodynamic
activity index for the two types of GDD shown in Figure 2 almost disappears,
Figure 4. These results can be used in the design of slit-type GDD for industrial
equipment. In addition, reducing the live cross-sectional coefficient will increase
the hydraulic resistance of the GDD. It should also be borne in mind that the
modeling of hydrodynamics was performed without taking into account the
presence of solid granular material in the granulator chamber and, accordingly,

near the surface of the working plate of the GDD. The final verification of these

results will be performed at the test facility.
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YK 66.081.63
IlepcnekTHBY PO3BUTKY MATEMATHYHOI'0 MOJACJIIOBAHHA OapoMeMOpaHHUX
npouecis: aHai3 nyoJikanii B NPOBIAHUX TEMATHYHHUX ’KYPHAIAX
cryaenTka Mysuka C.M., poi., k.1.H. ['ymienko C.B.,
HaunioHabHUil TeXHIYHUN YHIBepCUTET Y KpaiHu

«KuiBcbKui noJiTexHiyHui iIHcTUTYT iMeHi Irops Cikopebkoro»

AHOTANIA: B pmanux Te3ax pO3MNISIHYTO TPOTPEC Y  PO3BUTKY
MaTEeMaTHYHOTO MOJCITIOBAaHHSI OapoMeMOpaHHHUX MPOIECIiB. 3a JIOMOMOTOI0
JIEKUIBKOX JKypHaIIB Yy SKHX OyJu OIyOJIKOBaHI CTaTTl, BHILE BKAa3aHOIO
HaIlpaBJI€HHS, MPOTJIAJAETHCA CTPIMKE 3POCTAHHS 1HTEpECY, AKE MpOaHalIi30BaHe
3a JI0MOMOT010 TpadikiB.

KJIIOYOBI CJIIOBA: MATEMATHUYHE MOJAEJIOBAHHA,
BAPOMEMBPAHHI IPOLIECH, 3BOPOTHINA OCMOC.

JIns KOHIEHTPYBAaHHS YW OYHUIIECHHA pO30aBIEHUX BOJHHUX PO3UYHUHIB
IIUPOKO BUKOPUCTOBYIOTHCS MEMOpaHHI MPOIECH, II0 MNPOTIKAIOTh MiA €0
nepenajay TUCKy abo 6apoMeMOpaHH1 IPOLIECH.

Haiiuacrinie 3a ocTaHHI pOKH y 0ararbox rajy3siX MpOMHUCIOBOCTI Ta MOOYTI
3aCTOCOBYIOTH OapomMeMOpaHHI MpoOIecH, cepel SKUX — MIKpodiabTpallis
(po3aiieHHsT CycHeH31, eMyJbCiil 1 KOJIOIMHUX PO3YMHIB), yJIbTpadinbTpalis
(OuuIlleHHS BOJAHUX PO3YMHIB BiJ] BHUCOKOMOJICKYJISIPHUX PEUYOBUH, iXHE
(dbpakiionyBanHs), HaHO(UIbTpallis (PO3AUICHHS BOJHUX PO3YMHIB, IO MICTSTh
EIEKTPONITH ¥ HHU3BKOMOJICKYJISIPHI PEUOBUHHM OPTraHIYHOTO TOXOJKEHHS),
3BOPOTHIM OCMOC (3HECOJIEHHS BOJ Ta OUMILIECHHS iX BiJi OPraHIYHUX PEYOBUH 1

KOJIOI/IiB).
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B ocHoBl 0OapoMeMOpaHHMX TMpOLECIB JIEKUTh SBHUILIE OCMOCY —
CaMOBIJIBHOTO MPOHUKHEHHS pPO3YMHHHKA Yepe3 MeMOpaHy [0 BCTAHOBJIIEHHS
piBHOBaru.

Bapro Haronocutu, 1m0 MaTeMaTUYHE MOJEIIOBAHHS BIAITPA€E iCTOTHY pOJIb
y NPOEKTYBaHHI Ta JOCIII)KEHH] KX npolneciB. Lle 103Bosi€ 3MEHITUTH KUTBKICTh
€KCIIEpUMEHTIB, a OTXKE — (PIHAHCOBI BUTPATH Ta €HEProcrnokuBaHHsA. Tomy naHe
MOJIEJIFOBAHHS € 1YK€ BaXJIMBUM.

VY naHiit poOoTi OyJIO PO3MISHYTO BEIUKY KIIBKICTh CTaTe€il, MPUCBSIUYECHUX
MO/IEJIFOBaHHIO OapoMeMOpaHHUX HpolueciB, onyonaikoBanux Mk 2011 p. 12020 p.

Ha niarpamax mo pokax Ta Mo mpoliecam, MPOBEACHO aHali3 MO Pi3HUX
nmyOJIiKaIisx B MPOBIIHUX TEMAaTUYHUX KypHaNax, Takux sk: «Jornal of membrane
science» - Ha pucyHkax 1 Tta 2, «Desalination» - Ha pucynkax 3 Ta 4, Ta
«Separation and purification technology» - Ha pucyHkax 5 Ta 6, IpOCIIIKOBYETHCS
MOCTYIIOBA JUHAMIKA.

[HTepec 10 poO3rasHYTOI TeMH 30epiraerbcs Maibke Ha OJHOMY PIBHI 3
JOCTaTHbO CTPIMKOIO TEHIEHIIEI0 10 3pOCTaHHS B B OUIbII Mi3HI POKH. A 1e
CBIIYUTH PO T€, 110 aKTYAJIBHICTh JOCIIIKEHb 3aJIMIIAETHCSI BUCOKOIO Ta IHTEPEC

A0 HUX 3pOCTAa€ 3 KOJKHUM POKOM.

L)

42

3

w ~N w » o nex
Pucynok 1 — Po3nonin my6umikaiii, Pucynok 2 — Po3noain nyomikaiii,
MIPUCBSIYCHUX MOJICIIOBAHHIO MPUCBSIYCHUX MOJICIIOBAHHIO

O0apomMeMOpaHHMX MPOLIECiB, B 0a3l JaHUX  OapoMeMOpaHHUX MPOIIECIB, B 0a31 JaHUX
Jornal of membrane science 1o pokax Jornal of membrane science no mporecax
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Pucynox 5 — Po3noain myOumikarii, Pucynoxk 6 — Po3znoain myOumikarii,
MPUCBSIYEHUX MOJCITIOBAHHIO MPUCBSIYEHUX MOJCITIOBAHHIO
O0apomMeMOpaHHUX MPOLIECiB, B a3l O0apomMeMOpaHHUX MPOLIECiB, B 0a3l
nanux Separation and purification nanux Separation and purification

technology o pokax technology o nponecax

BUCHOBKM. byno npoaHanizoBaHO, 110 IHTEpEC 10 MAaTeMaTUYHOTO
MOJICIOBaHHsI ~0apoMeMOpaHHUX TMPOIECIB 3pOCTa€E 1 CTa€ BCe OUIbII
MEPCIEKTUBHUM Ta Ma€ MEePeayMOBH JUTsl YCITIITHOTO PO3BUTKY. BpaxoByrouun Bce
BUIIE CKa3aHE, MOXXKHA CKa3aTH, IO 3BOPOTHIA OCMOC 3aJIUIIAETHCS OCHOBHUM

HPOIIECOM.
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YK 664.8.047

TECNOLOGIES FORDRYING SPICY-AROMATIC PLANTS
Malashchuk N., Dr. Sc. Snezhkin Y., Ph. D. Dabizha N.
Institute of Engineering Thermophysics of the NAS of Ukraine

ABSTRACT. The effect of temperature, speed and moisture content of the
drying agent on the kinetics of dehydration of peppermint has been studied. A
significant dependence of the duration of the drying process on the heat and
humidity parameters of atmospheric air was revealed. To create controlled heat
and moisture drying conditions, it is proposed to dehydrate spicy-aromatic plants
in dryers with a closed circulation circuit using a heat-generating dehumidifying
heat pump unit.

KEYWORDS: DRYING, SPICY-AROMATIC RAW MATERIALS,
MODES, HEAT PUMP, ENERGY EFFICIENCY.

TEXHOJIOT'TI CYHIIHHS IPIHO-APOMATHYHHUX POCJIMH
Manamyk H.C., 1. 1. H. CHexkiH FO.@., k. T. H. [labixxa H.O.

IncturyT TexHivHoi Temopizuku HAH Ykpainu

AHOTAIIA. Jlocnioscenuii  6niue memnepamypu, WeUOKOCMI  ma
80710206MiCMY CYUULLHO20 A2eHMA HA KIHEMUuK)y 3HeB0OHEeHHS M Amu Nnepyesoi.
Busenena cymmeea  3anescmicmv  mpusanocmi  npoyecy — CYWIHHA  8i0
MenioBoN02iCHUX —napamempie ammocgeprnozo nosimps. [na cmeopenus
KOHMPOAbOBAHUX MENI080N02ICHUX YMOE CYUIHHS 3anpPONOHOBAHO 3HEB00HIO8AMU
NPAHO-APOMAMUYHT POCTUHU 8 CYUUAPKAX 3 3AMKHEHUM YUPKYIAAYIUHUM KOHIMYPOM

3 3dCMOCY6AHHAM MENIOCEHEPYIOU02C0 OCYUYHOUO20 MENJIOHACOCHO20 azpecanty.

126



306ipHuK Te3 nonosigein XXII MizkHapoAHOI HAYKOBO-NIPAKTHYHOI KOH(epeHNil CTy1eHTIB,
acmipaHTiB i1 MoJionx BYeHUX ”PecypcoeHnepro3oepirardi TexHoJsorii Ta 00J1afHaHHA”

KJIIOYO0BI CJIOBA: CYIIIHHA, [TIPAHO-APOMATHUYHA CHMPOBHHA,
PEXXVMU, TETUIOBUI HACOC, EHEPT OE®EKTUBHICTD.

The purpose of the work. Research of dehydration processes of spicy-
aromatic plants in order to determine energy-efficient drying regimes that ensure
maximum preservation of biologically active substances and essential oils.

Results. Spicy-aromatic plants are used for many purposes as medicines,
spices, flavors, dyes and more.

An important step in the procurement of aromatic raw materials is drying. To
determine the maximum allowable drying temperature of aromatic raw materials
containing essential oils, experimental data on the effect of temperature on the
content of aromatic substances were analyzed. Thus, with increasing drying
temperature, the content of essential oil decreases sharply, and their composition
also changes. At 60 ° C, there are irreversible changes in the components of
essential oils of plants. Therefore, the drying temperature of spicy-aromatic raw
materials should not exceed 30-45 ° C [1].

The effect of temperature, speed and moisture content of the drying agent on
the kinetics of dehydration of mint grass has been studied [1]. A significant
dependence of the duration of the drying process on the moisture content of
atmospheric air was revealed. To create controlled conditions for drying mint and
increase the energy efficiency of the dehydration process, it is proposed to use the
condensing method of drying using a heat pump.

Conclusions. Energy-efficient drying regimes for spicy-aromatic plants with a
variable degree of drying agent drying have been developed, in which the material
temperature does not exceed the maximum allowable for this type of raw material,
and aroma loss does not exceed 20-25% of raw material. The use of a heat pump

can reduce the specific energy consumption for drying by 1,5-2 times.
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YK 664.8.047
TEXHOJIOT'TI CYHITHHS IPIHO-APOMATHYHUX POCJINH
Manamyk H.C., k. 1. H. [labixa H.O., 1. T. H. CHexkiH 10.D.

IncturyT TexHivHoi Temopizuku HAH Ykpainu

AHOTAIIA. Jlocniooicenuii  6naue memnepamypu, WeUOKOCMI  ma
80710208MICMY CYUUTLHO20 A2eHMA HA KIHeMUKY 3HEeB00HEeHHS M SImu nepyesoi.
Busenena cymmeea  3anescmicmv  mpuseanocmi  npoyecy — CYWIHHA  8I0
Menno8oNI02ICHUX —napamempie ammocgeprHoco nogimps. [lna cmeopeHHs
KOHMPOJIbOBAHUX MENIOBON02ICHUX YMO8 CYULIHHA 3aNpPONOHO8AHO 3HE80OHI08AMU
NPAHO-APOMAMUYHI POCTUHU 8 CYULAPKAX 3 3AMKHEHUM YUPKYIAYTUHUM KOHMYPOM
3 3ACMOCYBAHHAM MENI02EHEPYIOU020 OCYULYIOU020 MENIOHACOCHO20 azpe2amy.

K/JIIOY0BI CJIOBA: CYIIIHHAA, ITPAHO-APOMATHUYHA CUPOBHWHA,
PEXXMMU, TEIUIOBUU HACOC, EHEPTOE®EKTUBHICTD.

TECNOLOGIES FORDRYING SPICY-AROMATIC PLANTS
Malashchuk N., Ph. D. Dabizha N., Dr. Sc. Snezhkin Y.
Institute of Engineering Thermophysics of the NAS of Ukraine

ABSTRACT. The effect of temperature, speed and moisture content of the
drying agent on the kinetics of dehydration of peppermint has been studied. A
significant dependence of the duration of the drying process on the heat and
humidity parameters of atmospheric air was revealed. To create controlled heat
and moisture drying conditions, it is proposed to dehydrate spicy-aromatic plants
in dryers with a closed circulation circuit using a heat-generating dehumidifying
heat pump unit.

KEYWORDS: DRYING, SPICY-AROMATIC RAW MATERIALS,
MODES, HEAT PUMP, ENERGY EFFICIENCY.
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Meta. JlocnimkeHHs MPOIECIB 3HEBOJHEHHS MPSHO-apOMAaTUYHUX POCIHUH 3
METOI0 BU3HAUYEHHS €HEProe(EeKTUBHUX PEKUMIB CYIIIHHS, SKI 3a0€3Me4yroTh
MaKCHUMallbHe 30epeKeHHs 010JI0T1YHO aKTUBHUX PEYOBUH 1 e(PIpHUX OJIH.

Pe3yabTartu. [IpsHo-apomMaTHyH1 POCIMHU BUKOPUCTOBYIOTHCA ISl Oaratbox
LN K JIKyBaJIbHI 3aCO0U, IPUTIPABU, apOMATU3aTOPH, OAPBHUKH TOLIO.

BaxnuBuM erarnoM B mOpolieci 3aroTiBil MPSHO-apOMATUYHOI CUPOBUHU €
cyuriHHs. /{1 BU3HAUEHHS TPAHUYHO JOMYCTUMOI TEMIEpPaTypH CYIIIHHS MPSHO-
apoMaTU4YHOI  CHUPOBMHM, IO  MICTUTh  eQipHl  Ojii, MpoaHaIi30BaHI
EKCIEpPUMEHTaNbHI JaHl II0J0 BIUIMBY TEMIIEPATYpH Ha BMICT apOMaTUYHHUX
pedoBHH. Tak, Npu NiABULIEHHI TEMIEPATypH CYIIIHHS PI3KO 3HMXKYETHCS BMICT
edipHoi omii, Takox 3MiHIOE€Thca ixHIM cknan. [lpm 60 °C, BinOyBawThCA
HE3BOPOTHI 3MiHM B KOMMOHEHTax edipHux oiiid pocnuH. Tomy Temmepatypa
CYIIIHHS MPSHO-apOMaTUYHOT CHPOBUHU HE MOBUHHA TniepeBuiryBatu 30—45 °C [1].

JlocnmipKeHU# BIJTUB TEMIIEpaTypH, IIBUIAKOCTI Ta BOJIOTOBMICTY CYLIMJIBHOTO
areHTa Ha KIHETUKY 3HEBOJHEHHS TpaBu M STH [1]. BusiBneHa cyTreBa 3aiexHICTh
TPUBAJIOCTI TPOIIECY CYIIIHHSA BiJl BOJIOTOBMICTY aTMochepHoro mnoBitps. s
CTBOPEHHS  KOHTPOJHOBAHMX yMOB CYIIIHHA M ATH Ta  MiJIBUIICHHS
€HEepProe(PEeKTUBHOCTI MPOIECY 3HEBOJAHEHHS 3alpPONOHOBAHO BUKOPHUCTOBYBATH
KOHJIEHCALIMHUIA METOJ CYLIIHHS 3 3aCTOCYBAaHHSIM TEIJIOBOT'O Hacoca.

BucHoBkn. Po3po6ieHi eHeproeeKTUBHI PEKUMHU CYIIIHHSA TPSHO-
apoOMaTUYHUX POCIWH 3 MEPEMIHHUM CTYNEHEM OCYIICHHS CYIIWIHHOTO areHTa,
Npu SIKUX TeMIepaTypa Marepially He MEpEeBUIY€E TPAHUYHO JTOMYCTUMY s
JAHOTO BHUJY CHUPOBUHHU, a BTpaTH apomaTy He mnepeBuilyioTh 20-25 % Bin
BHUXI1JIHOI CUPOBUHU. 3aCTOCYBaHHSI TEIIJIOBOTO HACOCY JI03BOJISIE 3HU3UTH MUTOMI
BUTPATH €HEPrii Ha cyiiHHS B 1,5-2 pa3u.
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YK 621.21
PECULIARITIES OF MOVEMENT OF FLOODED GAS JET
IN DISPERSE SYSTEMS
Kornienko Y.M., Haidai S.S., Yevziutin P.Y, Sameliuk O.V.

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT: The peculiarities of the motion of the flooded gas jet on the
surface of the gas distributing device (GDD) of the apparatus with a fluidized bed
to ensure non-uniform jet-pulsating fluidization in the auto-oscillating mode are
substantiated. The calculated dependences for determining the gas pressure in the
GDD slit are obtained, taking into account the experimental data, which provide
active non-uniform jet-pulsating fluidization in an auto-oscillating mode.

KEY WORDS: FLUIDIZED BED, HYDRODYNAMICS, NON-UNIFORM
FLUIDIZATION, GRANULATION.

OCOBJIMBOCTI PYXY 3ATOIIVIEHOI'O CTPYMEHS B ITMCIIEPCHUX
CUCTEMAX
Kopnienko S.M., TI'aitnait C.C., €B3toTin [1.}YO., Camemntok O.B.

HaunioHaibHUiI TeXHIYHUN YHIBepCUTET YKpaiHu

«KuiBcbKui noJiTexHiyHui iIHcTUTYT iMeHi Irops Cikopcbkoro»

AHOTAIIA: OGrpyHTOBaHO OCOOJMBOCTI pPyXy 3aTOIUIEHOTO Ta30BOTO
CTpYMEHSI Ha TOBepXHI raszoposnoainbHoro mpuctporo (I['PII) amapara i3
MCEeBAO3PIKEHUM IIapoM i 3a0€3MEUeHHs] HEOJHOPIAHOTO CTPYMEHEBO-

MyJIbCAllIMHOTO TICEBAO3PIKEHHSI B aBTOKOJUBAJIBHOMY pexumi. OTpuUMaHO
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pPO3paxXyHKOB1 3aJIe)KHOCTI JJI1 BH3HAYEHHS TUCKY Tra3zy B wmuimHi [PIT 3
ypaxyBaHHAM JOCIITHUX JAHUX, IIPU SIKUX 3a0€3MeUy€eThCs aKTUBHE HEOHOPI/IHE
CTPYMEHEBO-ITYJIbCAIIMHE TICEBIO3PIIKEHHS B aBTOKOJUBAIIbLHOMY PEKUMI.

KJTFOYOBI CJIOBA: TICEBJO3PIIDKEHUI LIIAP, T'TJIPOJJUHAMIKA,
HEOJHOPIJAHE ITCEBAO3PIJPKEHHA, 'PAHYJIALLA.

The use of non-uniform jet-pulsating fluidization in an auto-oscillating mode
in obtaining granular humic organic-mineral fertilizers ensures intensification of
diffusion-controlled processes in dehydration and granulation of liquid
multicomponent systems containing components of mineral and organic origin
[1-18]. In works [11-20] it was found that non-uniform jet-pulsation fluidization in
an auto-oscillating mode without the use of mechanical pulsators can be provided
by the use of slit type GDD. To do this, it is necessary to provide enough energy
[17-19], from a flooded gas jet through the main slit of the gas distribution device
(GDD) surface of the plate in the zone "D" of GDD, Figure 1.

Figure 1 — The scheme of movement of the dispersed layer in zone “D” of GDD

To provide the required energy of the flooded jet, the gas pressure in the slit

must meet the condition, Pa:
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AI?Qas = APimpulse + APfl + APh.ydrostatic (1)
where AP;,,.s. — acrodynamic resistance for creation of momentum of the
dispersed layer, Pa;

APpy — hydraulic resistance of the dispersed layer along the length of the

channel of zone "D", Pa;

APy arostatic — Dydrostatic pressure resistance of material with initial height
Ho, Pa;

Aerodynamic resistance for creation of momentum of the dispersed layer,

Pa:

1
— 2 2
APimpulse - E [psolidsesolidswsolids + Pgas€gasWgas ] (2)

where psorids, peas — density of solid particles (granules) and gas phase (fluidization
agent), respectively, kg/m?;
Wsolids, Weas — Vvelocity of solid particles (granules) and gas phase
(fluidization agent), respectively, m/s;
Ssolids, €eas — VOlume parts of solid parts and gas phase in zone "D" GDD:
Ssolids T €eas = 1. (3)
According to the results of research in [17-20] and
0.8 < gus < 1.0 accept €04s=0.95 Ta ¢ =0.05.

solids

Hydrostatic pressure resistance of material with initial height Ho, Pa:
APpyarostatic = HoPsotias(1 — €0)8K1 (4)
where g, = 0.4 — porosity of the initial layer (the proportion of gas in the initial
layer);
K — friction component coefficient.

hydraulic resistance by the length of the channel of zone "D", Pa:

I PoasWoas>
AP., = ) — 995 9as 5
AL (5)

where A — hydraulic resistance of gas movement coefficient — A=f(Re);
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D. — equivalent diameter of the channel in the zone "D", formed near the
surface of the horizontal plate and length / between side walls of GDD.
Forasmuch % and B respectively the height and width of the slit equal:

o A 4hB
e nm 2(h+B)

Dynamic gas resistance in a GDD slit with dimensions 4% B calculate, Pa:

(6)

2

P w
AP, :% (7)

Equation (1) is solved by the iterative method in according with value of /.
In equation (2) we assume that the velocity of solid particles wyoias equal 1.1+1.33
from removal velocity Waiowingour — Wsotias =(1.1+1.33)wges — and match velocity of
fluidization agent wgas, In according with pulsating change of height and porosity
in the layer of granular material

The obtained theoretical dependences must be tested experimentally for

granular materials with different dispersed composition.
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INFLUENCE OF THE CHOICE OF THE CONSENSUS ALGORITHM IN
PROJECTS BUILT ON DISTRIBUTED LEDGER TECHNOLOGY ON
ENERGY EFFICIENCY AND THE ENVIRONMENTAL COMPONENT
student Anton Kosenko
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT. The relevance of the publication is due to the dynamic development
of the blockchain technology, which is being implemented at the private and state
level and has a wide range of applications. A detailed understanding of all the
components of this technology, mathematical solutions underlying it, as well as
key indicators, including energy efficiency, is a necessary prerequisite for the
effective application of the corresponding technology.

The subject of research is the blockchain technology, as one of the types of
implementation of the distributed ledger technology, and consensus algorithms as a
way to ensure user trust in data stored in distributed networks.

The purpose of the publication is to analyze the influence of the choice of the
consensus algorithm on the prospects for the development and scaling of networks
built on the distributed ledger technologies and to draw a conclusion about the
trends prevailing in the world, in order to take this into account in further practical
work.

After analyzing the impact of the blockchain on ecology and energy
consumption indicators, researching the architecture of the distributed ledger
technology model and the main varieties of consensus algorithms, a comparison of
the most common consensus algorithms was made and conclusions were drawn

about the trends and prospects for the development of the technology.
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OF-STAKE.

BIIJIMB BUBOPY AJITOPUTMY KOHCEHCYCY B IPOEKTAX
NOBYJJOBAHUX HA TEXHOJIOI'H PO3MNOJAIJIEHOI'O PEECTPY HA
EHEPI'OE®EKTHUBHICTDb TA EKOJIOT'TYHY CKJIAIOBY
ctyneHt A. I1.Kocenko
HaunioHaibHUiI TeXHIYHUI YHIBepCUTET Y KpaiHu

«KuiBcbKuM noJiTeXHiYHUA IHCTUTYT iMeHi Irops Cikopcbkoro»

AHOTANIA AxryanbHicTh myOmikaiii 00yMOBI€HAa TUHAMIYHUM PO3BUTKOM
TEXHOJIOT1i OJIOKYEiH, sIKa BIIPOBA3/KY€EThCSI HA IPUBATHOMY Ta JIEP>KABHOMY
PIBHI Ta Ma€ MIUPOKUHN CIIEKTpP 3aCTOCyBaHHS. JleTanbHe pO3yMiHHS BCIX
CKJIQJIOBUX JAHOI TEXHOJIOT1i, MATEMaTUYHUX PIIICHb, IO JIS)KATh B 11 OCHOBI, a
TaKOX KJIIOYOBUX MOKA3HUKIB, BKIIOUAIOYU €HEProePEKTUBHICTh € HEOOX1THOIO
nepeyMoBOIO JIJ1sl €(PEeKTUBHOTO MPUKIIAIHOTO 3aCTOCYBAaHHS BIJIMOBIAHOT
TEXHOJIOTII.

[IpenmeT mocmimkeHb — TEXHOJIOTisA OJOKYEHH, SK OJWH 3 BHIIB peai3arii
TEXHOJIOT1i PO3MOJJIEHOTO PEECTPY Ta QJITOPUTMH KOHCEHCYCY SK croci0
3a0€3MeUeHHsI IOBIpH KOPUCTYBAYiB /10 JaHUX, SIKI 30€pIiraroThCsl B pO3MOALICHUX
Mepexax.

Mertoro myOikarlii € mpoaHani3yBaTy BILUIUB BUOOPY aITOPUTMY KOHCEHCYCY
Ha MEePCHEKTUBH PO3BUTKY Ta MacIITA0yBaHHS MEPEK MOOYJOBAaHUX HA TEXHOJIOTIT
PO3MOAUIEHOTO PEeCTpy Ta AINTH BUCHOBKY NIpPO TEHAELII, SIKI NAHYIOTh Yy CBITI,
JUISL TOrO 1100 BPaXOBYBATH 1€ Y MOJAJBIIIN NPaKTUYHI pOOOTI.

[licns  anamizy BIUIMBY OJOKYEHHY Ha €KOJIOTII0 Ta IOKa3HUKIB

€HEProCIOKUBAHHS, TOCTIKEHHS apXITEKTypPH MOJEIN1 TEXHOJIOT1i PO3MO1JIEHOTO
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peeECTpy Ta OCHOBHHMX PI3HOBHUIB aJITOPUTMIB KOHCEHCYCYy, OyJio 3po0ieHO
MOPIBHSIHHS HAWUOUIBII TMONIMPEHUX aJTOPUTMIB KOHCEHCYCYy Ta 3pO0JIEHO
BHCHOBKH MPO TEHJICHIIIT Ta IEPCIEKTUBU PO3BUTKY TEXHOJIOTTI.

KJIOYOBI CJIOBA: BJIOKYEMH, TEXHOJIOI'TI PO3IIOJAUIEHOI'O
PEECTPY, AJI'OPUTM KOCEHCYCY, PROOF-OF-WORK, PROOF-OF-
STAKE.

AKTyanpHICTh TEMM IyOJiKalii OOyMOBJIEHAa IIHPOKOIO MOIMYJISIPHICTIO Ta
JUHAMIYHUM PO3BUTKOM TEXHOJOT1l OJIOKYEH Ta MPOEKTIB MOOyJAOBaHUX Ha
TEXHOJIOT1i PO3MOJIITIEHOTO PEECTPY.

[IIupoka MNOMYyNSAPHICTH TEXHOJOTII OJIOKYEHH Ta JMHAMIYHUNA PO3BUTOK
TEXHOJIOT1i PO3MOJIIEHOTO PEECTPY, SIKa MOUYMHAE YMHUTU CYTTEBUM BIUIUB Ha
CBITOBY E€KOHOMIYHY CHCTEMY, a TAaKOXX E€HEPreTUYHHH CEKTOp, OOYMOBIIOIOThH
HEOOXIHICTh OIJBII JEeTAaJbHOIO BHBUEHHS BCIX CKJIAQJOBHX TEXHOJIOTIII,
BKJIIOYAIOYH €JIEMEHTH, SIK1 BIUTUBAIOTH HE 11 eHEpProe(peKTUBHICTb.

3 momenty nyoOmikanii 31 xoBTHs 2008 poky Ha cailTi www.bitcoin.org
Bitcoin whitepaper [1], mpoektun mnoOya0oBaHI Ha TEXHOJIOTIi PO3MOIIIEHOTO
peecTpy MPOHUKIM B Taki cepu sk (piHAHCH, JOTICTHKA, MEIUIIMHA, PO3Barw,
[nTepHeT peueil.

['moGanpHuil 1HTEpEC PO3POOHUKIB Ta KPUMNTO-€HTY31aCTiB, 3aCHOBAaHUN Ha
171X JeleHTpaIizalilli Ta CaMOKEpPOBAHOCTI KOMIT FOTEPHHUX MEPEK, MIAKPITICHUM
ICTOpisSIMU HEHMOBIpHOTO 30arayeHHsl MPOCTUX JIIOAEH Ha XBWII T.3B. «OHYOTO»
PUHKOBOTO  TPEHJly  KPHUOTOBAIIOT,  MEPETBOPWIM  E€KCHEPUMEHTAIbHUIM
TEXHOJIOTIYHUN PYX y OaraTOMuIbIpAHY €KOCHCTEMY, SIKa Ha CBOeMy MmiKy B 2021
pori 3a ganumu pecypcy Coingecko omiHtoBanacs B moHaja 2 TpJiH JoJiapiB [2].
[Ipu 1bomy, piBEHb CIOKMBAHHS €IEKTPOCHEPrii s MIATPUMAHHS HaWOUIbII
MOMYJISIPHOT KPUNITOBAMIOTH 3a migcymkoM 2020 poky 3a JaHUMH JOCTITKEHb

Kem6pumxcrkoro YHiBepcuteTy ckiiaB omusbko 121,36 tepaBat-rogun (TWh)
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eleKkTpoeHprii Ha pik [3], mo OigplIe HIK CIO0XHWBAIOTh Takl KpaiHU SIK
Hinepnanau, O6’ennani Apadcbki EMipatu Ta Aprentuna [4].

Cekper ycmixy OJIOKUEMH MPOEKTIB MNPUXOBAHUN Yy BHadid KoOMOIHAIil
OCHOBHMX CKJIAQJOBHX €JIEMEHTIB: CTPYKTYpU JaHHUX OJIOKYEIH, MEXaHI3My Xemll
byHKII11, Xen-n1epeBa Mepkia Ta anropuTMiB KOHCEHCYCY.

BaxxnuBuM 111 pO3yMiHHSI TEXHOJIOTII € yCB1IOMJIEHHS ii mpupomu. | gxmio
MU TOBOPUMO MPO OJOKYEHH SIK TUM TEXHOJOT1i PO3MOIJIEHOTO PEECTPY TO BapTO
BIJI3HAYMUTH, 0 MM MAEMO CIIpaBy 3 Mepexero. | s Mepeka, He3BaKarouu Ha Ty
o0cTaBHHY, 10 BUKOPUCTOBYE MepexkeBy Mozenb OSI, mae cBOi eneMeHTH, 5Ki, Ha
Hally AyMKY, JUISl KpPaloro po3yMiHHS JTOLIIBHO PO3IJsSAaTH caMe 3a aHaJIOTIEI0 3
OSI monemso.

I'padiuno Momens CTEKy TEXHOJOTiI PO3MOJIIEHOIO PEECTpY Ha OJIOKYEHH

MOXHAa MPEJCTABUTH TaK K 1€ 300paxeH0 Ha PUCYHKY 1.

Applications Application layer
[ Scripting languages ] Smart contracts [ Scripts ] Smart contract's layer
[ CFT ] Consensus [ BFT ] Consensus layer
[ Wallets ] P2P network [ Nodes ] Network layer
Merkle tree | Blockchain | Cryptography | Data layer
Transaction ][ Hash function ] [ Timestamp
Crosschain solutions Crossnetwork layer

Pucynok 1 — MepexeBa MOJieNib CTEKY TEXHOJIOT11 pO3MOIIEHOTO PEECTPY

3 yacy 3amycky mnepmioro OnokyedH mpoekty y 2008 poii, Ha pUHKY
3’SIBUITUCSA MPOEKTH, sIKI MOKHA PO3JIUIUTH HA Pi3HI TUIIH.

3a crmocoOoM opraHizallii MOKHA BUIITIATH:
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- ITy6mniuHi peectpu;

- ITpuBatHi peectpu.

3a TOCTYIHICTIO MEPEKI ISl KOPUCTYBAYlB:

- Peectpu, 1110 noTpeOyOTh 103BOJTY AJISl YYaCTI,

- Peectpu, 1110 He MOTPEOYIOTH TaKOTO J03BOIY [5].

Buxonsuu 31 CTpyKTypH TaHUX Ha Ti, 1110 TOOY/1I0BaH1 Ha 0a3i:

- brnokueliny;

- Xemrpady;

- CripssIMOBaHOTO alIUKITYHOTO Tpady;

- 'onoueliny;

- Temmo.

[IpoTe, XxapakTepuCTUKOIO, SKa BIJIrpa€ BU3HAYAIbHY pPOJb B KOHTEKCTI
€HEepProe(PeKTUBHOCTI MPOEKTIB Ta iX BIUIUBY HA E€KOJIOTIIO, CTaju aJiropuTMU
KOCEHCYCY, 5Kl TOKJIMKaHl TapaHTyBaTU CTaA0LIbHICTh POOOTH IEIIEHTPATI30BAHUX
MepeX PIBHMX YyYacHUKIB Ta 3a0e3nmeuyBaTd CTIMKICTh JI0 PI3HOTO pOAY
HEJI0OPOCOBICHUX BTPYYaHb.

Haii0inp110t0 MOMyJISIPHICTIO cepell MPOEKTIB, MOOYyAOBAaHUX HAa TEXHOJIOTIi
PO3MOIIIEHOTO PEECTPY KOPHUCTYIOTHCS JIBa alrOpUTMHU KoOHceHcycy Proof-of-
Work Ta Proof-of-Stake 3 pi3HumMu pi3HOBHUIaMH OCTaHHBOTO.

HaiiGinpm1 BIZOMHM aJIrOpUTMOM KOHCEHCYCY, KMl HaOyB MOITYJISPHOCTI
3aBISKM 3aCTOCYBaHHIO y TEpIIii Ta HAWOUIBII MNOMYJSPHIN KpPUITOBAIIOTI
Bitcoin, Ta KMl 3aKjaB «EKOJOTiYHY OOMOY» B YCIO €KOCHUCTEMY € aJITOPUTM
Proof-of-Work.

Konnenuis anroputmy Proof-of-Work Oyna Bunailinena Moni Haop Ta
Cunriero J[Bopk B 1993 poui sik cmocid crtpumyBaHHs DoS-atak Ta 1HIIHUX
3JI0BJKMBAaHb, TAKUX K CIIAM y MEPEX1, BAMaraloul BUKOHAHHS MEBHOI pOOOTH BiJl
3amuTyBaya CiykOM, 110 3a3BMYail 03HAYaI0 BUTPATY MEBHOIO 4acy Ha 0OpOOKy
iH(opMaiii koM roTepom [6].
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['o0BHUM HEOIIKOM LILOTO AITOPUTMY € T€, 10 CKJIAJHICTh OOYMCICHb Ta
BUTPATH €HEPrii 3pOCTalOTh MPOMOPIIIHHO 3 POCTOM MeEpexi Ta KUIbKOCTI
TpaH3akiid. Jlana oOctaBMHA 3 OXHOTrO OOKYy 3aKjiajae BUTPATHY CKIAIOBY B
(dhopMyBaHHS 1[IHU aKTUBY, MIPOTE, 3 1HIIOTO CTABUTH MUTAHHS MPO BUIIPABAAHICTh
TaKuX BUTpaT.

VY anroputmy Proof-of-Stake exonoriuna ckiagoBa € MIIHIIIOW, YEpe3 Te,
10 BiH MOOYJOBaHMWU Ha MEXaHi3Mi KOHCEHCYCY, MO0Yy/lI0BaHOMY Ha 00’€JHaHHI
aKTHBIB YYaCHHUKIB B MEpEXi, a HE OOYHUCIIOBAIBHOI MOTY>KHOCTI MPHUCTPOIB,
SIKUMH BOHU BOJIOJIIIOTb.

Mepexi, mo0ynoBaH1 Ha IbOMY AJITCOPUTM1 BOJIOAIIOTH OUIBIIIOI0 MPOITYCKHOIO
3IaTHICTIO B TMOPIBHSHHI 3 Mepexkamu, noOyJoBaHUMHU Ha airoputmi Proof-of-
Work, He YHMHATH HEraTUBHOTO BIUIMBY HAa HABKOJUIIHE MPUPOIHE CEPEIOBHIIIE,
HE MalOTh 3aJIe)KHOCTI BIJ CIIUIBHOTH OCIO, IITO BOJOIIIOTH OOYHCITIOBATLHUMU
MOTY>KHOCTSIMU.

3aranoM, BHCOKUU TIpajyC KPUTHUKH KPHUITOMNPOEKTIB 3 OOKYy €KOJIOTiB, Ta
HaOubil rydyHa mofist 2022 poky y CBITI KPUITOBAIIOT — MEpPeXii Mepexi
Ethereum 3 anroputmy Proof-of-Work na Proof-of-Stake, mo BigOyBcs 15 BepecHs
Ta CyTh SIKOTO JI€TaJbHO BHUKJIQJICHA Ha CTOPIHLI IPOEKTYy [7], AarOTh MiJACTaBU
TOBOPUTH MPO T€, 10 OOpaHHS OUIBII €HEeProolaJHUX AJITOPUTMIB KOHCEHCYCY
MOX€E CTaTH TPEHJOM, 1110 YAHUTHUME CYTTEBUHM BIUIMB Ha PO3BUTOK IPOEKTIB Ha

0a3i 0J0KYEHHY Ta TEXHOJIOT1i PO3MOIITIEHOTO PEECTPY.

[Tepenik mocunanb

1. Satoshi Nakamoto Bitcoin: A Peer-to-Peer Electronic Cash System Proof

of work [Enextponnuii pecypc]. — Pexxum noctymy: https://bitcoin.org/bitcoin.pdf

2. [EnexTponnuii pecypc| — Pexum noctymy: https:// www.coingecko.com/

3. [EnexTponnuii pecypc] — Pexxum goctymy: https://ccaf.io/cbeci/index
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4. Cristina Criddle Bitcoin consumes “more electricity than Argentina”
[EnekTpoHHUiA pecypc] = Pexum JIOCTyIYy:

https://www.bbc.com/news/technology-56012952

5. Distributed Ledger Technologies in Public Services. Report detailing
Distributed Ledger Technologies in Public Services, 26 September, 2018 ISBN:

9781787811232, [ EnnexTpoHHUI pecypcl]. — Pexum JOCTYITY:
https://www.gov.scot/publications/distributed-ledger-technologies-public-
services/pages/S/

6. Proof of work [Enektponnmii pecypc]. — Pexum poctyny:

https://en.wikipedia.org/wiki/Proof of work#:~:text=The%20concept%20was%20

invented%20by.processing%20time%20by%20a%20computer.
7. PROOF-OF-STAKE (POS) [Enextponnuii pecypc]. — Pexum nocrtymy:

https://ethereum.org/en/developers/docs/consensus-mechanisms/pos/
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CEKLIIS 2

«EKOJIOI'TA TA TEXHOJIOI'TA POCJIMHHUX ITOJIIMEPIB»
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Y]IK 630
MODERN FORESTRY - PROBLEMS OF SUSTAINABLE

COOPERATION WITH ENERGY AND OTHER BRANCHES
OF SOCIAL ECONOMY
Belyaev G., Zhukov K., Korbut N., Kremnev V., Stetsuk V.
Institute of Engineering Thermophysics of the NAS of Ukraine

ABSTRACT. The paper is devoted to the interaction with the heat industry

and other sectors of the economy in accordance with the model of sustainable

development and synergy.
KEYWORDS: FORESTRY, ENERGY, BIOFERTILIZERS.

CYYACHE JIICIBHUIITBO - IPOBJIEMHU CTAJIOT'O
CHIBPOBITHUITBA 3 EHEPITETUKOIO TA IHIUMH
TFAJY3SAMHU CYCHIJIBHOT'O TOCITIOJAPCTBA
benses I.B., Kykxos K.JI., KopoyTt H.C., KpemursoB B.O., Creutok B.T.

IncTturyT TexHivHoi Temopizuku HAH Ykpainu

AHOTAI[IA. Poboma npucesuena 63aemMo0ii 3 MeNnloeHepeemuKor ma

[HWUMU  2ally3aMU  CYCHIIbHO20 20CN00Apcmea GiON0BIOHO MOOeNi Ccmano2o

PO36UMK)Y MA CUHEP2IUHO20 eqheKnt) .
KJIFOYOBI CJI0BA: JIICIBHULTBO, EHEPT'ETUKA, BIOJJOBPUBA.

The purpose of the work. Determining the interests of a number of sectors of
the public economy 1n relation to the use of by-products and waste from forestry
activities.

Results. Problems to be solved by the proposals:

1. Concerning the interests of forestry development - reduction or complete

overcoming of chronic underfunding, from which this important industry has been
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suffering for many years.

2. Regarding the interests of other sectors of the economy:

- energy 1s extremely interested in the supply of cheap wood fuel on a regular
basis, the use of which is quite tolerant of the local environment and will help
reduce the negative impact on the global environment;

- 0000 rural residents, dacha owners and gardeners are extremely interested in
reducing heating costs, even if their farms are gasified;

- objects of the budget sphere in rural areas (schools, hospitals, hotels,
boarding schools, nursing homes etc.) need to reduce heating costs; the same
applies to similar facilities located on the outskirts of urban areas, which allows
them to deliver wood fuel.

A necessary precondition for the implementation of the method of providing
wood fuel to municipal and industrial heat facilities in the nearest settlements to
forestry enterprises is the formation of a partnership between forestry enterprises
and heat consumers - responsible heat supply facilities: municipal heat and power
plants or industrial enterprises. The basis of such a partnership is legally binding
contracts, the term of which 1s not less than the service life of the installed heat

generating equipment.

Conclusions. A system set of measures aimed at synergistic sustainable
cooperation of forestry enterprises with energy, social sphere, production of
biofertilizers, etc. is proposed, based on the interaction of scientific institutions
with local governments. This takes into account the significant increase in the
demand of gasified individual households for fuel wood due to the constant trend
of increasing the price of natural gas.

References:

1. KpemubsoB B.O, benser I'.B., bensgesa LII., Creutok B.I'., XKykos K.JL
[Ipomo3utiii moa0 CTBOPEHHS CTalOi CHCTEMH TEPUTOPIAJIbHOTO €HEPreTUYHOIO
BUKOPUCTAHHS  MICIIEBUX  BIJHOBJIIOBAHUX  PECYPCOI[IHHUX  BIAXOIIB  /
[Tpomeimnennas temiorexuuka,—2017.—T. 39, Ne 7. C. 89-90.
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YK 630
COORDINATION OF SIMULTANEOUS ORGANIZATIONAL AND
TECHNICAL MEASURES IN FORESTRY AND HEAT GENERATING
FACILITIES IN ORGANIZING THEIR SUSTAINABLE INTERACTION
Belyaev G., Zhukov K., Korbut N., Kremnev V., Stetsuk V.
Institute of Engineering Thermophysics of the NAS of Ukraine

ABSTRACT. The paper is devoted to the organization of sustainable
interaction between state forestry enterprises and heat-generating facilities close
to them.

KEYWORDS: WOOD FUEL COD, FORESTRY ENTERPRISE, ILLIQUID
WOOD WASTE.

KOOPIUHAIISA OJTHOUACHUX OPTAHIBAIIIMHO-TEXHIYHUX
3AXO/IIB Y JICTOCHAX TA TEINIOTEHEPYIOUMX OB’€EKTAX ITPU
OPTAHIBAIII IX CTAJIOI B3AEMO/III
benses I.B., Kykxos K.JI., KopoyTt H.C., KpemuroB B.O., Creutok B.T.

IncTturyT TexHivHoi Temopizuku HAH Ykpainu

AHOTAI[IA. Poboma npucsesuena opeauizayii cmanoi 63aeMoO0ii Midic
0epHCABHUMU  IICOPOCTUHHUYbKUMY — NIONpUEMcmeamu  ma  mepumopiaibHO
HAOIUNHCEHUMU 00 HUX MENI02eHePYIOUUMU 00 EKMamu.

KJIIO4Y0BI CJI0OBA: JIICOI'OCIIOJAPCBKE  IMIAIMPUEMCTBO,
JNEPEBHA TTAJIMBHA TPICKA, HEJIIKBI/IHI BIAXOAW IEPEBUHMN.

The purpose of the work. Development of technical requirements and design
solutions for the organization of the system of sustainable energy use of renewable
wood resources.

Results. The report belongs to one of the traditional activities of the

laboratory of heat and mass transfer processes and equipment - a drastic reduction
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in unit costs for fuel and energy component in heating and production processes
through systematic intensification of thermal technologies and extensive
involvement of secondary energy and material resources.

The work is based on the following conceptual provisions.

1. Transfer of heat-generating objects territorially close to the forestry
enterprise into fuel in the form of pre-dried to moisture W < 20% of wood chips or
firewood necessarily requires a number of organizational and technical measures,
both at heat-generating objects and in forestry enterprises that are accompanied by
significant capital investments.

2. Measures in accordance with paragraph 1 shall be carried out
simultaneously.

3. The relationship between heat generating and forestry enterprises must be
legally binding and long-term.

4. In addition to the current legislation, the guarantor of compliance with
mutual obligations under the contract must also be local governments on the one
hand, and on the other - the regional forestry department, which is subordinated to
the forestry enterprise-supplier of wood fuel.

5. In addition to the measures under item 1 at the forestry enterprise-supplier
it is necessary to make certain changes in the nomenclature of marketable products.

6. Ensuring the measures provided for in paragraphs 1-5 necessarily requires
the development and approval of a targeted scientific and technical program aimed
at integrating local forestry enterprises into the energy use of by-products of
forestry activities.

Conclusions. Technical requirements, design solutions and a "road map" for
the gradual involvement of forestry enterprises in sustainable interaction with
energy facilities have been developed.

References.

1. JlocmimkeHHS TeIIOMacOOOMIHHMX TIPOIEeCiB 1 po3poOKa HOBHUX
eHeproe(PeKTUBHUX METO/IB Ta TEXHOJOTIYHOTO OOJlalHAHHSA BHUPOOHMIITBA
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OlomanuBa 3 JICOPOCIMHHMUIILKUX BiaxomaiB: 3BiT npo HJIP (3axmrounuit) ITTD
HAH VYkpainu; kep. B.O.KpemuboB, A.B. Tumomenko. Kuis, 2019, 390 c. Ne JIP
0115U002667.
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UDC 676.242.3.06

RESEARCH FOR DEVELOPMENT OF PACKAGING
MATERIALS WITH SPECIFIC PROPERTIES WITHOUT
ENVIRONMENTALLY HARMFUL ADDITIVES
Graduating Student Tinytska Yelyzaveta., technical sciences candidate,

senior scientist, assistant professor Ploskonos V.G.
National Technical University of Ukraine

“The Igor Sykorsky Polytecnical Institute of Kyev”

Anomauyin. MeTow naHOiI MOCHITHHUIIBKOI pOOOTH € BHBYEHHS OCOOJIMBOCTEH
pO3p00JIeHHS] TaKyBaJlbHUX MaTrepialliB 13 3aJaHUMH BJIACTUBOCTSIMHU 0€3 BMICTY
€KOJIOTIYHO MIKIJUIMBUX J00aBOK, IO € JTOCUTh AKTyaJIbHUM. BHpIIIEHHS Takoro
KJIacy 3a7a4 Mae 0a3yBaTUCS Ha MPOBEJIEHI cepil eKCIEPUMEHTATBHUX TOCTIIKEHb
B JIA0OpaTOPHHUX YMOBaX Ta OTPUMAaHHS Pe3yJIbTaTIB, sIKi CIIYTyBaTUMYTh OCHOBOIO
JUISl TIOJIaNibIIOTO pO3pOOJIEHHS] HOBUX BHU/IIB MaKyBAJIbHUX MaTepiaiiB 3 HaNepena
3aIaHUMU XapaKTepUCTUKAMHU MIIHOCTI Ta BJIACTUBOCTSIMU
KUPOHETIPOHUKHOCTIL.JIJI1  JOCATHEHHS TIOCTaBJAEHOI METH B JaHii poOoTi
peanizoBaHO CepIl0 EKCIEPUMEHTAIbHUX JOCHI)KEHbh B ILIUPOKOMY Jiana3oHi
3MIHM BCIX BIUIMBOBUX (pakTopiB. B pe3ynbraTi mnpoBeaeHHS Takoi cepii
CIUIAHOBAHMX E€KCIIEPUMEHTAIBHUX JOCHIKEHb CTAJI0 MOXJIUBUM B MOAAIBIIOMY
PO3pOOUTH KOMIUIEKC MaTeMaTUYHUX Mojeneld. [lnaHyeTbcs 3a BHUKOPUCTAHHS
TaKOTo KJIaCy MAaTeMaTUYHUX MOJEJEeH Ta CydyacHUX KOMIT IOTEPHHUX TEXHOJOT1H
MPOBECTU MOIIYK ONTUMAJILHUX YMOB JJIsi CTBOPEHHS MAaKyBallbHUX MaTepiajiiB 3
Harepe/]l 3aIaHUMHU Ta €KOJIOTTYHO 0€3MEYHUMHU BIACTUBOCTAMM.

Knrouosi cnosa: nanip, naxkysanvHuil mamepian, MexXaHiuHi NOKA3ZHUKU MIYHOCMI,

HCUPOHENPOHUKHICb
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Summary. The purpose of this research is to study the features of the development
of packaging materials with specified properties without the content of
environmentally harmful additives, which is quite relevant. The solution of this
class of problems should be based on a series of experimental studies in the
laboratory and obtain results that will serve as a basis for further development of
new types of packaging materials with predetermined strength characteristics and
grease resistance properties. range of change of all influencing factors. As a result
of such a series of planned experimental studies, it became possible to further
develop a set of mathematical models. It is planned to use this class of
mathematical models and modern computer technology to find the optimal
conditions for the creation of packaging materials with predetermined and
environmentally friendly properties.

Key words: paper, packaging material, mechanical strength, grease resistance

The purpose of this research is to study the features of the development of
packaging materials with specified properties without the content of
environmentally harmful additives, which is quite relevant.

The solution of this class of problems should be based on a series of
experimental studies in the laboratory and obtain results that will serve as a basis
for further development of new types of packaging materials with predetermined
strength characteristics and grease resistance properties.

To achieve this goal in this work implemented a series of experimental
studies in a wide range of changes in all influencing factors. As a result of such a
series of planned experimental studies, it became possible to further develop a set
of mathematical models. It is planned to use this class of mathematical models and
modern computer technology to find the optimal conditions for the creation of

packaging materials with predetermined and environmentally friendly properties.
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As you know, consumers of packaging material are confectioneries,
bakeries, bakeries, meat plants, cold stores, fish processing plants, enterprises that
produce spools for the textile industry, tea factories, organizations that procure
medicinal herbs, manufacturers of compound materials and packaging for fast food
and many others.

Packaging paper for packaging of each of the types of products differs in the
mass of the area of 1 m2, whiteness, a set of barrier properties, mechanical
strength, suitability of its surface for printing. For example, for lining baking trays
in the manufacture of confectionery and bakery products, packaging for butter,
margarine, minced meat, cheese products use parchment and parchment, ie
packaging material that can withstand high temperatures and is characterized by
high resistance to fat penetration. These types of packaging paper have a relatively
low weight area of 1 m2 (from 20 to 60 g / m2). Fat-and-moisture-resistant paper
with high barrier properties is also used for packaging meat products (smoked
sausages, meat, etc.), while low-resistance sub-parchment can be used for
packaging frozen meat and fish.

The analysis of literature sources shows that today there are no ideal
packaging materials and chemicals or their compounds that have universal
properties and provide not only a high level of fat resistance of packaging material,
but also provide the necessary set of structural and physical properties and
performance properties. , which ensure the manufacturability of processing of
packaging material during its manufacture, packaging and packaging and
application of a multi-color label on one of its sides.

However, today there are a number of chemical compounds, substances and
complexes that are used to increase grease resistance by introducing into the
composition of the paper pulp or by applying to the surface of the paper web
[1,2,3].
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According to the results of research, ensuring a sufficient level of consumer
and operational properties is possible due to the composition, which includes three
or four components dissolved in water [3]. In addition to providing the necessary
grease resistance, the treatment of paper with this composition also contributes to
the increase of mechanical strength, namely: tensile strength during repeated
bending and relative elongation. It is easy to understand that the treatment of paper
with such compositions, regulating the content of each of the components and the
ratio between them, allows the experimenter to produce packaging materials for
different applications, ie packing and packaging of products and products with
high and low fat content. high moisture content, including for packaging products
that require high mechanical strength (eg, wrapping candy and caramel, etc.) in the
machine and transverse directions, and extended shelf life.

Thus, in this work, which is the first stage of exploratory research, a series of
experiments were conducted, on the basis of which it is possible to develop a
number of mathematical dependences on different strength indicators of new
generation packaging materials.
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PACKAGING MATERIAL FOR STORAGE FRUIT
Graduating Student Tinytska Yelyzaveta., technical sciences candidate,
senior scientist, assistant professor Ploskonos V.G.

National Technical University of Ukraine

“The Igor Sykorsky Polytecnical Institute of Kyev”

Anomauia. MeTor JaHOi JOCIHITHUIILKOI pOOOTH € pe3yJbTaTh 1H(HOPMATUBHOTO
NOIIYKY 3 BU3HAYEHHS CKJIaJy Ta YMOB HAaHECEHHs Ha MaKyBaJbHHM MaTepial
MMOKPHUTTIB, II0 BOJOMIIOTh OJHOYACHO OakTepuuMAHOIO 1 Oap'epHoro miero. Ha
CHOTOJIHIIIHIN Yac OJIHI€I0 3 HAWBAXKIIMBIIINX NPOOIEM MiIBUIIEHHS €EKTUBHOCTI
pPO3BUTKY Ta (YHKI[IOHYBAaHHS XapyoOBOI MPOMUCIOBOCTI B yMOBax pPUHKOBHX
BIJIHOCHH, TIJBUINEHHS KOHKYPEHTOCIPOMOXXHOCTI BITUM3HSIHOI MPOAYKIIi
XapuyBaHHS HE TUIBKM Ha BHYTpPIIIHBOMY, aj€ 1 Ha 30BHIIIHBOMY pHUHKY €
BUTOTOBJICHHS 1 TMPUCKOPEHE BIPOBAIHXKEHHSI BITUYM3HSHUX BUCOKOSKICHHX
MaKyBaJbHUX BUJIIB Mamepy 1 KapTOHY Ta €KOJOTIYHO Oe3MeYHUX TEXHOJOT1HM iX
BUpOOHMITBA. HeoOXiqHO  3a3HAYUTH, IO  YHIBEPCAIBHOIO  MNAKyBaJIbHOI'O
Marepiany He ICHye. 3aJIeKHO BlJ BHUAY MPOAYKTY OJHA 1 Ta caMa BIacCTHBICTb
YIaKOBaHHS MOXe€ OyTH KOPUCHOIO 1 WIKIIIUBOW0. Jlsi TpuBanoro 30epiraHHs
(GpyKTIB y CBLKOMY BHIUISIAI B 0araTbox KpaiHax IMIUPOKO 3aCTOCOBYIOTHCS
MaKyBaJdbHI MaTepiaiau, MO MICTATh (PYHTIUIHI, 0 3aXUIIAIOTh BiJl BPaKEHHS
1BUIEBUMH Tpubamu, i Oap'epHi, 0 OOMEXKYIOTh TMPOHUKHEHHS KUY, BOJOTH,
napu, pedoBuHu. Bubip ¢Qynrinuay abo Gap'epHOi pedyOBUHM - MUTAHHS JTOCUTH
CKJIaJlHE 1 3alIeKUTh BiJ BUAY (PYKTIB, CTPOKIB 1 YMOB 30epiraHHs Ta
TPAHCIIOPTYBaHHsI. Y JaHOMY 1H(QOpMaUIMHOMY TOWIYKY HPUBOASITHCS
pe3yibTaTH 3 BU3HAYEHHS CKJIaly Ta YMOB HaHECEHHS Ha MaKyBaJbHUN MaTepial

MOKPUTTIB, [0 BOJOAIIOTh OJHOYACHO OaKTepULMIHOW 1 Oap'epHoro aiero. Taxi
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MOKPUTTS, Ha Hally JAYMKY, OBHHHI 3a0e3MeuyBaTH 3axUCT LIHHUX HPOIYKTIB,
110 MIBUAKO NCYIOThCA (Y JAHOMY BUIAAKY, (PPYKTIB) y BOJOTOMY HOBITPSIHOMY
cepenaoBunll. Jnsg MOKpUTTS OaKTEPUIIUIAHOT J1i BUKOPUCTOBYBAIM KOMITO3MIII]
Ha OCHOBI  NPUPOJHUX TMOJIMEpiB. SIK Mamip-OoCHOBY 3aCTOCOBYBAJIM TMaIlip
macoro mwiomi 1 m? -35 1, 3 nmoBepxHeBuM BcMOKTyBaHHAM (K066 30) - 40-60 r/Mm?
. Po3unn mnomimepy roTyBanu Oe€3MocepeHbO TMepell HAHEeCEHHSIM MOoro Ha
namip. KigbkicTb HaHECEHOTO HoJIIMEpY peryJIoBau, 3MIHIOIOYHU
KOHIICHTpAI[i}0 poOOYOro poO34yuHY.

Knrouoegi cnoea: naxKyeaibHuul mamepiar, baxmepuyuoHi

81ACMUBOCE,2A30NPOHUKHICIb, 080U, hpYKmMUL.

Summary. The purpose of this research is the results of an informative search to
determine the composition and conditions of application to the packaging material
of coatings that have both bactericidal and barrier action. Today one of the most
important problems of improving the development and functioning of the food
industry in market conditions, increasing the competitiveness of domestic food
products not only in the domestic but also in the foreign market is the production
and accelerated introduction of domestic high-quality packaging paper and
cardboard and environmentally friendly technologies. their production. It should be
noted that there is no universal packaging material. Depending on the type of
product, the same packaging property can be beneficial and harmful. For long-term
storage of fresh fruit in many countries are widely used packaging materials
containing fungicides that protect against mold and barriers that limit the
penetration of fat, moisture, steam, substances. The choice of fungicide or barrier
substance is a complex issue and depends on the type of fruit, terms and conditions
of storage and transportation. This information retrieval presents the results of
determining the composition and conditions of application of coatings on the

packaging material, which have both bactericidal and barrier action. Such coatings,
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in our opinion, should provide protection for valuable perishable products (in this
case, fruit) in humid air. Compositions based on natural polymers were used to
coat the bactericidal action. As a base paper used paper weighing an area of 1 m? -
35 g, with surface absorption (Cobb 30) - 40-60 g/m?. The polymer solution was
prepared immediately before applying it to the paper. The amount of applied
polymer was adjusted by changing the concentration of the working solution.

Key words packaging material, bactericidal properties, gas permeability,
vegetables, fruits.

The purpose of this research is the results of an informative search to
determine the composition and conditions of application to the packaging material
of coatings that have both bactericidal and barrier action.

Today one of the most important problems of improving the development
and functioning of the food industry in market conditions, increasing the
competitiveness of domestic food products not only in the domestic but also in the
foreign market is the production and accelerated introduction of domestic high-
quality packaging paper and cardboard and environmentally friendly technologies.
their production.

Ukraine's entry into the European trade market has led to an increase in
production capacity, which must meet the requirements of competitive cost.
However, analyzing domestic and foreign experience in using different types of
packaging materials: polymers, paper, cardboard, metal, glass, it should be noted
that each of them has its own characteristics of application, sanitary, barrier and
other properties, the availability of raw materials and equipment for its production,
processing and utilization of waste. Therefore, paper and cardboard will not lose
their importance in the future and will maintain the share of consumption in the
market of packaging materials up to 40-50% [1,2].

It should be noted that there is no universal packaging material. Depending

on the type of product, the same packaging property can be beneficial and harmful.
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Yes, packaging transparency is in some cases desirable for products that require a
visual assessment of their quality, but it is not desirable for products that are
sensitive to light, especially in the ultraviolet wavelength range.

Another example is the gas permeability of the packaging material. In many
cases, it should be minimal, because the penetration of oxygen causes damage to
the product. However, often the packaging of physiologically active products
(fresh vegetables, fruits, berries), for the normal operation of which requires a
constant supply of oxygen and removal of carbon dioxide, it is not only desirable
but also necessary.

For long-term storage of fresh fruit in many countries are widely used
packaging materials containing fungicides that protect against mold and barriers
that limit the penetration of fat, moisture, steam, substances. The choice of
fungicide or barrier substance is a complex issue and depends on the type of fruit,
terms and conditions of storage and transportation. At one time, sorbic acid was
widely used as a preservative in the food industry, which has a wide range of
fungicidal action against molds and is not toxic to humans. However, the
application of sorbic acid on the paper base requires the selection and introduction
of an additional binder to fix it [3,4].

Widespread use in the food industry of hermetic barrier packaging made of
PVC and polyethylene film for fruit is undesirable, because the lack of air
ventilation and a certain moisture content deprives the fruit of freshness and taste,
ie the product must "breathe".

This information retrieval presents the results of determining the
composition and conditions of application of coatings on the packaging material,
which have both bactericidal and barrier action. Such coatings, in our opinion,
should provide protection for valuable perishable products (in this case, fruit) in

humid air.
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Compositions based on natural polymers were used to coat the bactericidal
action. As a base paper used paper weighing an area of 1 m? -35 g, with surface
absorption (Cobb 30) - 40-60 g / m? The polymer solution was prepared
immediately before applying it to the paper. The amount of applied polymer was
adjusted by changing the concentration of the working solution. Thus, with
increasing concentration of the solution from 10 to 35%, the mass fraction of the
substance applied to the surface of the paper increases from 4 to 22 g/m?. One of
the main characteristics of the protective paper with the applied composition is to
ensure its resistance to mold. The holding time of the samples in the contaminated
medium ranged from 5 to 120 hours at a temperature of 25 °C and a relative
humidity of 85%.

Thus, research to determine the composition, conditions, quantity,
parameters and method of coating should be continued with further testing in
production conditions with the production of small and industrial batches of
packaging material and its testing during packaging and storage of fruits, grapes

and other products.
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HaunioHabHUil TeXHIYHUI YHIBepCUTET YKpaiHu
«KuiBcbknii mostirexHiyHuu iHcTUTYT iMeHi Irops Cikopcbkoro»

Annotation. In this work, we study the linearized equations of motion of the
system, considering a stationary holonomic system with N degrees of freedom. At
the same time, we believe that it has at least one position of stable equilibrium. The
principal is the description of the motion of the investigated system by means of
Lagrange equations of the second kind, which are recorded through kinetic,
potential energy and dissipative Rayleigh function. Cases that allow to move to
linearized equations are considered.
AHoTanis. B maniit po0G0Ti MpoOBOAUMO MOCTIIKEHHS JiHEApU30BAHUX PIBHSHD
PYXy CHCTEMH, PO3IJISIal0uM CTalllOHApHY T'OJIOHOMHY cucTteMy 3 N cTeneHsMHU
BUIbHOCTI. [Ipy 11boMy BBa)kaemo, 110 BOHA Ma€ Xouya O OJHE MOJIOKEHHS CTIMKOi
piBHOBaru. IIpMHLIMIOBMM € ONHUCAHHS PyXy  JOCHIIKYBaHOI CHCTEMH 32
JIOTIOMOT0I0 piBHSIHB Jlarpanka npyroro popay, fKi 3amucaHl 4epe3 KiHETUYHY,
NOTEHI[IaIbHY €Heprii Ta IucunatuBHy QyHkuUio Penes. Po3risHyTo BUnagku, siKi
JAI0Th MOXKJIUBICTh MEPEUTH /10 JT1HEAPU30BAHUX PIBHSHD.
Keyword: Lagrange equation of the second kind, kinetic energy, potential energy,

dissipative Rayleigh function, generalized coordinates, generalized velocities.
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KuarwuoBi caoBa: piBHsiHHS Jlarpanxka papyroro pojy, KIHETHYHA €HEepris,
NOTEHI[lalbHa €HEeprisd, AucunatuBHa (yHKUis Penes, y3aranbHeHI KOOpAHWHATH,

y3arajibHEeH1 IMIBUKOCTI.

Consider a stationary holonomic system with N degrees of freedom, which has at
least one position of stable equilibrium. The movement of such a system is
described by a system of Lagrange equations of the second kind

gy or_ o s,

dt \oq,
, where T— kinetic energy of the system; IT— potential energy; ® — the
dissipative function of Rayleigh.
Suppose that during the whole motion, the deviations of the system and the
generalized velocities are small in absolute value, because the values of the
velocities are close to zero, and the position of the system is close to the position of
stable equilibrium
In this way we will get rid of members of higher orders, , it will allow to simplify
the expression of differential equations of movement relative to the distance and
speed to linear members.
Then we obtain a linear differential equation of motion, thereby linearizing the

task.

To obtain the linearized level of movement of the mechanical system, follow the
instructions below.

1. The expression for kinetic energy is written in the position of stable equilibrium,
near which the motion of the system will be studied. Therefore, the generalized
coordinates should be given in the form:

qi = Gio +x%;, 1=12,..,N (2)
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If the kinetic energy depends on the coordinates g;, you need to provide
"equilibrium" values of g;, in the calculation.

Deviation velocities x, are taken as generalized velocities. As a result, we get:
N N

1 .
= EZZ Ajk (Gio ---'(INo)ijk (3)

j=1k=1
Thus, the kinetic energy of a linearized system is a positive definite quadratic form

of the velocities x; of its deviation from the equilibrium position.

2. For potential energy we use the expansion:
N N

ZZ a211 :
Cik Xj Xk » Cjg = dqjqu (4)

j=1k=1

3. The dissipative Rayleigh function is also written in the form of a quadratic form

form of deviation velocities:
N N

=23 > Burg )

j=1k=1

Since q;, = const, replacing ¢, with x, does not affect the coefficients S,
Thus, from expressions (4), (3), we obtain the deviation x,’, considering it to be
generalized coordinates. It is for them that we compose the Lagrange equation of
the second kind, which will describe small oscillations of the system:

d /0T aT aT 0l

ailax) "5~ "om o
,i=12,..,N (6)
Substituting T and @ from expressions (3) and (4) into equation (6), we obtain a

system of N linear differential equations of the second order with constant

coefficients:
N
Z((lup2+ﬁup+fu)zo, [ = 1,2,,N (7)
j=1
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Note the differentiation operator as p = d—dt Then the system (7) can be written in

the form

N
Z(al,-jp2 +Biip+c)x =0, i=12.,N (8)
j=1

The system of equations has non-trivial solutions, since the determinant of system

(8) 1s zero:
2 , 2 ,
a1 p°+pP1up+¢11 . P+ Pinp + iy
2 A 2 A
A=| @1P"+ PP + 1 o QNPT+ oD t oy [ =
ayip® + By21P + Cy1 . AnyDP” + BynP + Cyn

or explicitly:

Q™+ Qo p™ o+ ap+ay=0 (9) ,1aem=2N.

This equation is called characteristic. In general, it has 2 N complex-conjugate ,
which have the appearance p, = A, + iw, — the real part; i* = —1; @, — the

cyclic frequency of oscillations; k = 1,2, ...,N

Using Euler's formula:

e Tt — cos wt + cos wt

The general solution of the system (7) can be given as:

N
xX; = Z e"it(C,-jcosa)t + D;;coswt), i=12,..,N (10)
=

Where C:

ij Dj; are constants of integration.
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As can be seen from expression (10), in order for the equilibrium position to be

asymptotically stable according to definition (2), the real parts A; of the roots of the

characteristic equation must be negative.

The conclusion about the asymptotic stability of the system can be made without

explicitly finding the characteristic equation (9), based on of the criterion Hurwitz:

in order for all the roots of equation (9) to have negative real parts, it is necessary

and sufficient that all the main diagonal minors of the Hurwitz matrix composed of

the coefficients of equation (9) are positive

ra; as Qs 0 7
Ay Ay Q4 0
0 a aj 0
0 ay a, 0
0 0 a 0
L0 0 0 ... a,d

0

_ |4 az| _
Ay =a; >0, Ay= |ao az‘ >0, Am =10
0

0

0

0

o O O OO

a m

So, from this criterion, it follows that all coefficients of the characteristic equation

must be positive. This result can be used to check the correctness of the equations

of small oscillations of the system.
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DETERMINING THE EQUILIBRIUM POSITION OF A DISC ROTATING
AROUND A FIXED AXIS AND TESTING IT FOR STABILITY.
Student Nefodova K. V., Doctor of philosophy, Associate Professor Shtefan N.I.
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute"

Annotation. /n this paper, we conduct research to determine the equilibrium
position of the disk rotating around a fixed axis and check it for stability. We enter
the generalized coordinate, determine the potential energy of the system, determine
the equilibrium position, analyzing the solutions of the equilibrium equation. To
test for stability, we use the Lagrange-Dirichlet theorem. Conclusions on the
stability of equilibrium positions are made.

Keyword: LAGRANGE-DIRICHLET THEOREM,GENERALIZED
COORDINATE, POTENTIAL ENERGY OF THE SYSTEM, EQUILIBRIUM
EQUATIONS, EQUILIBRIUM POSITIONS, STABILITY TEST, STABILITY
OF EQUILIBRIUM POSITIONS.

BU3HAYEHHS ITOJOKEHHSA PIBHOBAI'U IUCKA, IO
OBEPTAETHCS HABKOJIO HEPYXOMOI OCI TA IEPEBIPKA HOI'O
HA CTIMKICTD .

Crynent Hedronona K. B., k.1.1., nouent llItedpan H.I.
HaunioHaibHUiI TeXHIYHUN YHIBepCUTET YKpaiHu

«KuiBcbKkuil moJritexHiyHui iHcTuTyT iMeHi Irops Cikocbkoro»

AHoOTaNiA. B Oaniti pobomi npoeoOUMO OOCNIONCEHHS 3 BUHAYEHHS
NONIOJCEHHST PIBHOBA2U OUCKA, WO 00epmacmvpcsi HABKOAO HepyXomoi oci ma
nepesgipku 1020 Ha cmitkicmos. Bsooumo yzazanvheny KOOpOUHamy, 8USHAYAEMO

I’lOmeHl/ﬂaJZbHy eHepeiio cucmemu, 6UBHAYAEMO NOJIOHCEHHA pieﬂoeaeu , aHani3yiouu
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D038 A3KU DIGHAHHA pieHOoGacu. [[na nepesipku Ha CMIUKICMb 3aCMOCO8)YEMO
meopemy Jlacpanoica-/lipixne. 3pobreno GUCHOBKU U000 CHMIUKOCMI NONONCEHD

Ppl8HOBA2U.

KuarouoBi caoBa: Teopema Jlarpamxka-Jlipixie, y3araibHeHa KOOpAMHATA,
MOTEHI1AJIbHA E€HEPrisi CUCTEMH, DPIBHSHHS pIBHOBAru, IOJIOKEHHS pPIBHOBArw,

TepeBipKa Ha CTIMKICTb, CTIHKICTD MOJIOKEHBb PIBHOBATH.

A homogeneous disk (Fig. 1) with radius R and the whole P can rotate in a
vertical plane around a fixed axis Oz passing through its edge. At a point 4 lying
on the same diameter as a point O, a spring with a stiffness ¢ is attached to the
disk, the opposite end of which is fixed at point B. The distance O4 = a. When the
segment OA occupies vertical positions, the axis AB of the spring is horizontal and

the spring is not deformed.

The length / of the unformed spring is much greater than the distance a.

Fig. 1
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Find the equilibrium position of the disk and check their stability. We
consider the angle ¢ (Fig. 2) of the deviation of the segment OA4 from the vertical

as a generalized coordinate.

The potential energy of the system consists of the potential energy of the I1r
of the disk in the field of gravity and the potential energy I1., of the deformation of
the spring:

H = HT+ an (1)
Let’s find
[1.= PRcoso (2)

(for the zero level of potential energy of gravity is taken the level of the hinge O.)

Next, we write

L, = 3)

where A - change in spring length during deformation:

4= \|'|lz + (Zasing)z— 21-2asing (3 +p) —1

Taking into account that g = %(n — ¢) = 3 — %, this equation can be reduced

to the form

|
_ 2 in® Pyoin? —
A \||l +4a(asm2+lc052)sm2 [

168



306ipHuK Te3 nonosigein XXII MizkHapoAHOI HAYKOBO-NIPAKTHYHOI KOH(epeHNil CTy1eHTIB,
acmipaHTiB i1 MoJionx BYeHUX ”PecypcoeHnepro3oepirardi TexHoJsorii Ta 00J1afHaHHA”

Puc. 2

Assuming the length / of the undeformed spring is very large, we find

sing
2

[
A= %im ||lz + 4a(a.sin£ + lcos %)

Y 5 —l=asing

Substituting the found change 41n (3), than (2) and (3) in (1), we will

receive
ca® .
Il = PRcosg + Tsmzqo

To determine the equilibrium positions, we calculate
3—2 = —PRsing + ca’singcos@ = (—PR + ca’cos@)sing
Hence we have the equation of equilibrium
(—PR + ca?cos@)sing=0
This equation has solutions
PR

P1=0; Q=T @34= tarccos

Note that solutions ¢ , exist only under the condition PR < ca?

To test the stability, we apply the Lagrange-Dirichlet theorem. Re-
differentiating (5), we find
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9211
- 2 2 2, 1
_6<p2 PRcos@ + ca“(2cos“¢@p — 1).
After direct substitution we get
9%1 .
(W)(pzo = —PR + ca

The condition of the Lagrange-Dirichlet theorem will be satisfied if

ca’? > PR

It is at this ratio of the system parameters that the “upper” equilibrium
position (¢ =n) is always stable.

Finally, with a similar substitution we can see that for ¢, , the conditions of
the Lagrange-Dirichlet theorem are never satisfied within the limits of the
existence of the corresponding solutions. It can be shown that the corresponding
equilibrium positions are always unstable, and the angles ¢4 and ¢, determine the
boundary points of the regions of attraction to the position of stable equilibrium ¢,

and ¢,.
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DETERMINATION OF DIFFERENTIAL EQUATIONS OF DRUM
MOTION ROTATING AROUND A FIXED AXIS
OTPUMAHHSA JTUOEPEHIIAJIBHUX PIBHAHDB PYXY BAPABAHA,
IO OBEPTAETHCS HABKOJIO HEPYXOMOI OCI
Student Kizenko P. V., Doctor of philosophy, Associate Professor Shtefan N.I.
Crynent Kizenko I1.B., k.1.H., nouent llItedan H. 1.

National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute"
HaunioHaibHUil TeXHIYHUN YHIBepCUTET Y KpaiHu

«KuiBcbKu# noJiTexHiYHui IHCTUTYT iMeHi Irops Cikopcbkoro»

Annotation. The differential equations of motion of a drum rotating about a
fixed axis are obtained using the Lagrange equations of the second kind,
composing them for a mechanical system with retaining holonomic constraint. We
give the system a generalized possible displacement, make kinematic dependences
for a mechanical system with one degree of freedom. We obtain a second-order
differential equation that corresponds to the problem.

Anotanisg. OTtpumaHHs audepeHIliadbHUX PIBHAHL pyXy OapabaHa, 110
o0epTaeThCs HABKOJIO HEPYXOMOi OCi, MPOBOAMMO 3a JONOMOTOI0 pIBHSHB
Jlarpamka qpyroro pojy,cKJIagalodd iX IJs MEXaHIYHOI CUCTEMH 3 yTPUMYIOUUMHU
TOJOHOMHHUMH B’si3siMH. Hamaemo cuctemi y3araabHEHE MOKJIMBE MEPEMIIICHHS,
CKJIAJAa€EMO KIHEMATH4HI 3aJIEKHOCTI U1 MEXaHIYHOI CUCTEMHU 3 OJHUM CTyIIE€HEM
BUIbHOCTI. OTpuMyeMo nudepeHiiaibHe pIBHSHHS JAPYroro MOPSIKY, SIKe
BIIMOBIa€ NOCTaBJIEHIN 3ajaui.

Keywords: Lagrange's equation of the second degree, generalized
coordinates, generalized velocities, retaining holonomic constraint, generalized

possible movement.
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KuaruoBi cioBa: piBHaHHS Jlarpanxa papyroro poay, y3araibHEH1
KOOpJIMHATH, y3arajibHEH! IIBHUJIKOCTI, YTPUMYIOUl TOJOHOMHI B’$131, y3arajbHEHE
MOXJIMBE MEPEMIIICHHS.

The method of applying the Lagrange equations of the second degree is to
perform such a sequence of actions:

Determine the number of degrees of freedom:

1. Choose generalized coordinates in the number of degrees of freedom.

2. Identify generalized forces. This can be done in several ways:

a) determine the generalized force as a coefficient in the expression of the
sum of elementary works of active forces on the corresponding generalized
possible displacements.

b) if the forces acting on the mechanical system are potential, then the
potential energy /7 of the mechanical system must be determined as a function of
generalized coordinates. The generalized force @; is defined as the partial
derivative of the potential energy according to the corresponding generalized
coordinate g ! taken with a minus sign;

c) determine the generalized force.

4. Find the kinetic energy of the system as an expression that depends on
generalized coordinates and generalized velocities. If the motion of the system
takes place in a potential force field, then it is necessary to find the potential

energy of the system, and then compose the Lagrange function.

oT OdT
5. Determine partial derivatives 9a7 E and complete time derivatives
] ]
d oT , o dL 0T d JL
——. In the case of a potential system, the derivatives

—— —, —and ———
dt 9q; aq}" aqj‘an dat dq;

6. Compose the Lagrange equation of the second kind in one of the forms

and integrate them taking into account the initial conditions.
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7. Analyze the solution according to the specifics of the problem under

. . T .
consideration. M™ M3" M2™ =2 = iz,
s

We turn to the research of obtaining differential equations of motion of a
drum rotating around a fixed axis.

Drum A rotates around a fixed axis and is driven by an electric motor B
through a reduction drive consisting of four gears (pic. 1). Constant torque Mis
applied to the motor rotor. When the system moves there are moments of
resistance: MJ"— in the bearings of the axis of rotation of the drum 4, M2" — in the
bearings of the axis of rotation of the rotor of the electric motor, M2" — in the
bearings of the axis of rotation of gears 2 and 3. The ratio of the radii of the gears,

. . T .
ie gear ratios 2 = ig,.
s

(o
Q

1>

(pic. 1)
Compose differential equations of drum motion if the axial moment of
inertia of drum A4 and gear / is ],, and the axial moment of inertia of a pair of
gears 2 and 3 and the axial moment of inertia of rotor of electric motor and gear 4

are [ and [grespectively.
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Solution. This mechanical system has one degree of freedom. Its movement
is limited to stationary holonomic constraint. For the generalized coordinate we
take the angle of rotation ¢ of drum 4. Then the Lagrange equation of the second

degree will have the form

d 0T aT
oy og
= Qqy (1)
Find the kinetic energy of this mechanical system
T
=Ty +Tg + T, (2)

as a function of generalized coordinates and generalized velocity.

All bodies of this system rotate around fixed axes

Ty =—1,w2Tg = —Ipw3,T
A 2 A%Ar 1B 2 BY¥p:,1C
1 2

Here w, = ¢. Express the angular velocities wp and w, through ¢. Given
the equality of speeds at the points of contact of wheels / and 2, as well as wheels
3 and 4, obtain
W11 = Waly, W3ly = Wyly,
considering that what w,, w,, w3, w,- angular velocities of gears.

Whereas w; = wy = @, we = wy = w3, Wp = wy, Obtain
T 3
We = @ — = Plyp,Wp = W3 —
) Ty
= Qlyplzg. (4)
After substituting w, and wp from expressionss (4) in (3) we obtain the kinetic
energy of system (2) in the form

T
1
= ECPZ g+ Ipifo i, + Icifs). (5)

Determine the partial derivatives:
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or _ T
dp A
= (I4+ Icit, + Iif,i54) ¢. (6)

The generalized force @, is determined from the expression of the

elementary work of the active forces of the system. We give the system a
generalized possible displacement §¢ towards the positive values of the angle of
rotation of the drum A4 (pic. 1). Then, taking into account the kinematic relations
(4) and the stationary nature of the bonds (actual displacements are a special case

of possible ones), we can record the corresponding possible displacements of

bodies B and C:

o S¢pc = 11269,6¢p
= i1213400. (7)

Active forces include the forces of gravity of the bodies of the system, a pair
of forces equivalent to torque. Conditionally attributed to the active moments of
resistance.

The forces of gravity on the given possible displacement §¢ do not work,
because they are applied at points belonging to the axis of rotation of the bodies.

Let's write down the work of torque and moments of resistance,
conditionally considering them active:

0A = Mbpg — MJ"6¢p — M2 "6
— Mg"5¢p. (8)

Substitute the displacement §¢,. and §¢p from formulas (7) in expression

(8) and collect the coefficients at §e:

oA
= (M — Mg" — M¢g"iy; — Mp"iy3i34)5¢. (9)
therefore,
Qo
=M — Mg" — Mgy, — MgTigpisy. (10)

175



306ipHuK Te3 nonosigein XXII MizkHapoAHOI HAYKOBO-NIPAKTHYHOI KOH(epeHNil CTy1eHTIB,
acmipaHTiB i1 MoJionx BYeHUX ”PecypcoeHnepro3oepirardi TexHoJsorii Ta 00J1afHaHHA”

The differential equation of motion of this system after substituting the
formulas for partial derivatives and the generalized force from (6) and (10) into

expression (1) takes the form

(I4 + I¢iZ, + IpiZ,i5,) ¢
=M — Mg" — MZ%, — Mg'iypiz, (11)

Equation (11) is integrated according to the known rules of the theory of

differential equations taking into account the initial conditions.

Used literature:

1. ITaBnoBckuit M. A. Teopernuna mexanika: [linpyud. — K.: Texnika, 2007. —

347 crT.
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Pimienns
XXII Mi>kHapOIHOT HAYKOBO-TIPAKTUYHOT KOH(PEepeHIIii
CTYJICHTIB, aCMipaHTIB 1 MOJOJANX BUCHUX.
«Pecypcoeneprozbepiraroui TEXHOJOT1I 1 00J1aTHAHHS

Ha 3akmrouynomy mieHapHOMY 3aciiaHHl KoHdepeHlii OyJio MpUNUHSTO
HACTYIHE PIIIEHHS:

1. Poboty Pagn mononux BueHux [HCTUTYyTY TexHiuHOl Temiodpizuku [TTD
HAH VYkpainu, OpranizamiiHoro KomiTeTy HallloHalIbHOTO  TEXHIYHOTO
yHiBepcuTeTy VYKpaiHu «KuiBchbkuil mNOMITEXHIYHUN 1HCTUTYT 1MeH1 Irops
Cikopcbkoroy, Incrutyty I'asy HAH Vkpainu ta IlporpamMHOro KowmiTeTy 3
MIJITOTOBKU Ta MPOBEACHHS 3aXOJIB Y paMKaxX MiIXHapOJHOI HAYKOBO-IIPAKTUYHOI
KOH(epeHIIii «PECYPCOEHEPT'O-3BEPIT"AFOUYI TEXHOJIOI'II TA
OBJIAJIHAHHS» cxBanutu.

2. 3a pesynapTaTaMu OOrOBOPEHHS TMPEACTABICHUX Ha KOH]epeHIi
JIOTIOBIZIEH  BU3HATH MEPCHEKTUBHICTh BUKOHAHMX JOCHIKEHb Ta CXBAJIUTH
JOLUIBHICTh TMOJANBIIOIO PO3BUTKY Ta NOIJIMOJIEHHS HAayKOBHX pPO3POOOK Y
BIIMOBIHUX HAYKOBUX HAMpsAMKaX, 10 BU3HAUEHI B TpoOJIeMaTHIll KOH(PEPEeHIIi.

3. 3 MeTol CTBOPEHHS HAayKOBO-METOJIOJOTIYHUX OCHOB BHBUEHHS
OCHOBHHUX PECyCOEHepro30epiralounx 3axojiiB, 00JiaJlHAHHS TEIJIOTEXHOJOTIN Ta
XIMIYHUX TEXHOJOTiM B VYKpaiHi pEeKOMEHAYEThCS 3alyuydTH Marepiaiu
KoHpepeHIli g0  aucouiiiH - «OCHOBHI  TIpollecM  Ta  OOJIaJHAHHS
pecypcoeHepro3z0epiralounx TexXHOJOoTi» Ta «CydacHe 0OJIaJlHaHHS XIMIYHHUX
TEXHOJIOT1i» 3 pO3pOOKOI0 BIMOBIIHOTO METOJAUYHOTO 3a0€3MECYEHHSI.

4. IlinBUILIKMTH pIBEHb 3aJy4Y€HHS CTYJEHTIB, AacCHIPaHTIB J0 HAayKOBHUX
JOCII/IKEHb Y KpaiHH B Tally31 pecypco- Ta eHEPro30epeKeHHS.

5. BugaTu 30ipHUK Tipaib KOH(pEPEHIIii.

6. PexomenmyBaTu myOIiKailil0 IUIGHAPHUX [IOMOBIIEH B KypHaIaX «
XimiyHa 1HXXEHEPIsl, €KOJIOTIS Ta PECYPCO30EPEKEHHS», « XIMIUHA TPOMUCTOBICTD
VYkpainu» ta «lIpomucnoBa temnorexHika». [IpocuTu romiB cekiii KoHpepeHIli
BU3HAYUTU JIOMOBi/A1 BIJ CEKUIM g oOmyOJikyBaHHA B «YKpaiHCBKOMY
AHTAPKTUYHOMY KypHAII. YyacHukam KoH(epeHIii IPEJICTABUTH
PEKOMEHJI0BaH1 JOMOBiAl y BHUIVIAAI MyOdiKaumid 3riAHO MpaBWI IMyOJiKalii
BIJIIIOBIJTHUX >KYPHAJIB.

7. BuzHauuTu 3a JOIUIbHE NOMMpPEeHHS 1HdopMalii npo KoH(EpeHIio B
3acobax MacoBoi 1H(popMalii Ta 3alyyeHHs JO HACTYNHUX KOH(pepeHU1i
IIUPOKOTO KOJIa BITYM3HSIHUX 1 IHO3EMHUX HAYKOBIIIB.

8. Opranizatopu KOH(EpeHIli BUCIOBIIOIOTh BISYHICTh BCIM y4YacHUKaM
KOH(epeHIIii.

Buxonyrounii 000BsI3KM 3aBigyBaua Kaeapu
MaIllMH Ta anapariB XIMIYHUX 1 HaTOTIEpepoOHUX
BUPOOHUXBUPOOHUIITBA A.P.Cremnantok
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