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QUALITY EVALUATION OF WORKING ROTARY CUP DISPERATOR

Liubeka A., Kornienko Y., Haidai S.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. To implement the mechanism of layer-by-layer granulation, it is
necessary to ensure uniform distribution of the liquid phase in the fluidized bed.
The introduction of the liquid phase into the middle of the fluidized bed using a
conical-type rotary bowl disperser with a perforated surface allows to significantly
increase the volume of the irrigation zone while moving the wet granules from the
disperser bowl outwards, which eliminates the risk of agglomerate formation in the

surface.

Key words: BOWL ROTARY DISPERSANT, INHOMOGENEOUS
FLUIDIZATION, DISTRIBUTION.

OIITHKA SIKOCTI POBOTH YAIIIOBOI'O POTAIIIMHOT' O
JTUCITEPTATOPA
JIrobexka A., Kopnienko {l., INaitmait C.
HaunionanbHUil TeXHiYHU YHiBepCcUTET Y KpaiHu

“KuiBcbKuil noJiiTexHiyHuil iHcTutyT iMeHi Irops Cikopebkoro”

Anomauia. /[na peanizayii mexaHizmy nowlaposoi epanyisiyii HeoOXioHo
3abe3neuumu piHOMIpHe PO3n00ileHHs PIOKOI (hazu 6 Ncesoo3piorHceHoMy wapi.
Beeoenns pioxoi gasu 6 cepeduny ncegdospioxicenHo2o wiapy i3 3acmocy8aHHIM
YaAW08020 POMAYIHO20 OUCNEepeamopa KOHIYHO20 Muny 3 nepghoposaHoro
nogepxHer0 00380JI51€ CYMMEBO 30inbuumu 00’ €M 30HU 3POULEHHST 3 0OHOYACHUM
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nepemMiyeHHAM 360JI0HCEHUX 2PAHYI I3 YaAull Oucnep2amopa HA306Hi, W0 YCY8ae
PUBUKU  YMBOPEHHs a2loMepamie ma IHMEHCUQDIKYE OHOGNEeHHS NOBEPXHI
KOHmMaxkmy a3z 6 30Hi 3pOuleHHs.

Kntouosi  cnosa: YAUIOBUM POTALIMHUN  JUCIIEPTATOP,
HEO/IHOPITHE IICEBJIO3PI/DKEHHS, PO3ITO/JIJIEHHSI.

In the context of the global food crisis, there is an urgent problem of
increasing soil fertility. It is known that an effective method of solving this
problem is the introduction of humic-organo-mineral fertilizers with a layered
structure. The authors [1] proposed a method of granulation of fertilizers in a
fluidized bed. To make a heterogeneous mixture in the fluidized bed, use a rotary
dispersant. One of the main factors of the effective process is the uniformity of the
distribution of the liquid phase in the irrigation zone. Therefore, it is necessary to
assess the quality of the liquid phase distribution.

The results of experimental studies of rotary dispersants, conducted
according to the developed method on the experimental stand, (Figure 1).

It is proposed to evaluate the quality of the uniformity of the liquid phase
distribution along the geometric length of the rotary disperser according to the non-
uniformity index
is, (is—0):

k
LY 2
P -1 1(i) |
o =[1-22 | —>i, =

L k
where - |1 and ly), the linear size of the spray zone at different mass flow rates,
for which the sum of mass fractions varies from 0 to 0,5 and from 0,5 to 1,0.
The first to be investigated was a bowl rotary disperser type 1 (Figure 2),
made of stainless steel X18H10T with a polished surface. The average coefficient

of perforation on the side surface of the zone «D1» was 7,7 %.

(1
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1 - electronic frequency meter; 2 - electric motor; 3 - dosing pump;
4 - dispersant; 5 - liquid collection chamber; 6 - feed tube; 7 -
measuring containers;
8 - compressor; 9 - capacity of model liquid; 10 - scales; 11 - camera
a - schematic representation of the stand; b - photo of the experimental stand

Figure 1 - Experimental stand

PRt

010203040 48 mm
Figure 2 - Photo of a rotary bowl dispersant (type 1)
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At certain values of the centrifugal Freud number on the smaller radius of
the disperser bowl R; and the flow rate of the liquid phase on the inner surface of
the disperser bowl, the movement of the second layer of liquid over the
hydrodynamic viscous sublayer is observed.

This second layer of liquid is little affected by centrifugal force, which leads
to the formation of liquid droplets of more than 300 microns in the outer base zone
of irrigation.

It is proposed to evaluate the hydrodynamic mode of motion of the liquid

phase by the film formation factor Hy in zone "F" under the action of centrifugal

Hg = Refilm(max)' Fr

(min)

force:

where Refimmax — the maximum value of the Reynolds film number; Frmin) — the
Freud number at a smaller radius of the disperser bowl R;.

When changing the linear velocity of the larger edge of the dispersant Vmax)
from 12,6 to 22,6 m/s and constant mass flow G; = 12,6 kg/h (volumetric irrigation
density of the bowl surface Iy = 3,71 10‘4%1) the single-layer mode of liquid
movement is fixed
(Figure 3 (a1, b1 and c1)), in the range of parameter values Hq = (2,24+7,25)-10*

With an increase in mass costs by 2,1 times, G, = 26,3 kg/h (I'v = 7,74 10

4%‘1) 1 linear velocity by 1,8 times there was an increase in the parameter Hy to

(4,68+15,1)-10%, but at the same time two-layer movement of liquid (figure 3 (a2,
b2 and c2)), in a disperser bowl and growth of the sizes of drops to 350 microns
and more is fixed. It is experimentally established that the linear velocity of the
larger edge of the rotary dispersant, which has minimal negative impact on the
Kinetics of the process, is V, = 17+18 m/s.

So under such conditions when Vimay = 17,6 m/s the value of the film
formation factor is obtained Hy = 4,37-10* (Figure 3 (b1, b3)), in which there is a

single layer of fluid motion. but at values Vimax = 12,6 + 22,6 m/s, on the outer

(2)
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surface of the rotary bowl disperser liquid jets are formed, which move to the

larger edge of the dispersant (Figure 3 (a4, b4 and c4)), which causes an increase in

the non-uniformity index. is from 0,67 to 0,85.

Hy = 2,24-10°% Hy=4,68-10* Hg=4,37-10 Hy=9,14-10*
a) V|1(max) = 12,6 m/S b) V|2(max) = 17,6 m/S

Hy=7,25-10* Hy=15,1-10*
C) V|3(max) = 22,6 m/S
Figure 3 - Photofixation of the distribution of the rotary dispersant (type 1)

The use of rotary bowl dispersants with baffle rings on the outer side surface
(Figure 4), allowed to reduce by 10 times the non-uniformity index is = 0,012 +
0,018.
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['d 49 . Dz, F,' Do)

0 1020 30 40 49 mm
a) Type 2 b) Type 3
Figure 4 - Designs of rotary bowl dispersants with baffle rings
The generalized results of researches of work of rotary bowl dispersants of

three types are given in figure 5.

L, mm

Figure 5 - Distribution of liquid droplet sizes along the length of the spray
zone for rotary bowl dispersants type 1,2 and 3
According to the results of studies of rotary bowl dispersants at values
Vimaxy = 17,6 m/s and Hq = 4,37-10* (Figure 5), the increase of the irrigation zone
for rotary bowl dispersants of type 1 and 2 in 5,5 times, and for type 3 - in 7,5
times in comparison with the rotary disk disperser (10 mm) is established.
The average droplet size in the spray zone does not exceed 300 um and is 4

times smaller than when using a disk rotary dispersant.
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Thus it is established that at value Hy < 4,37-10%, implemented single-layer
model of the movement of the film inside the bowl of the rotary disperser, which
provides a controlled droplet size dg <250 um. When you increase the parameter
Hy > 4,37-10% a two-layer motion model is implemented, which will increase the
diameter of the droplets to 350 um and more. During granulation, this droplet size
leads to the formation of agglomerates and a decrease in the granulation
coefficient.

1. The method of obtaining granular humic-organo-mineral fertilizers of
stimulating action. / Y. M. Kornienko, S. S. Haidai, A. M. Liubeka, O. V.
Martyniuk, // Chemical industry of Ukraine - 2015. - Ne 1. - P. 129-135.

2. Liubeka A. M. Granulation of multicomponent liquid systems in a
fluidized bed: the Dissertation of the candidate of technical sciences: 05.17.08 /

Igor Sikorsky «Kyiv Polytechnic Institute », 2021
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VY]IK 631.8
KINETICS OF THE PROCESS OF MASS CRYSTALLIZATION OF
SATURATED MULTI-COMPONENT AQUEOUS SOLUTIONS OF
AMMONIUM SULPHATE
Ph.D student Hotskyi Y. H., associate professor, Ph.D Stepaniuk A. R.,
student Iatsiuk 1.0O., professor Ivanytskyi H.K.
National Technical University of Ukraine
""Igor Sikorsky Kyiv Polytechnic Institute
ABSTRACT : The kinetics of the process of evaporation of saturated agqueous
solutions of ammonium sulfate with the addition of bone meal was determined. The
main thermal parameters of the equilibrium evaporation process of 40%, 50% and
60% solutions of ammonium sulfate with bone meal in the ratio of 60/40 on dry
components are established. The process of evaporation of the droplet on the
surface with a temperature Ts = 95 © C occurs at a temperature of 80 ° C, which
corresponds to the temperature of a wet bulb thermometer.
KEY WORDS: KINETICS, EVAPORATION, AMMONIUM SULFATE, BONE
MEAL, MASS CRYSTALLIZATION
AHOTAIIA.
Busznaueno xinemuxy npoyecy 6unapogy8amHHs HACUYEHUX BOOHUX PO3UUHIB
cynvghamy amouiio 3 000AB8AHHAM KIcmsHO20 OopowHa. Bcmanoeneno ocHoéwi
Menyosl napamempu npo8eoeHHs. npoyecy pieHo8adxcHozo sunaposysants 40%,
50% ma 60% posuunie cyrvgpamy amowito 3 KICMAHUM OOPOUWIHOM Y
cniggionowenti 60/40 no cyxum komnonenmam. Ilpoyec sunaposysanus KpaniuHu
Ha nosepxhi 3 memnepamyporo Ts = 95 °C siobysaemwvcsa npu memnepamypi 80 °C,
AKa 810N0BI0ae memnepamypi MOKpo2o mepmomempad.
KJIIO4Y90BI C(CJIOBA: KIHETHUKA, BHIIAPOBYBAHHS, CVYJIBOAT
AMOHIIO, KICTAHE BOPOIIIHO, MACOBA KPUCTAJII3ALILA

The formation of solid composite granular materials with a multilayer
structure and uniform distribution of impurities is quite effective using the method

13
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of isothermal mass crystallization. Moreover, the process occurs due to
dehydration of the solution with subsequent crystallization on the surface of the
solid particle.

The driving force of the process is the difference in the concentrations of
the solute depends on the rate of reaching the state of supersaturation of the liquid
system. The supersaturation of the system occurs when the solvent is removed
from the solution by evaporation. Therefore, the process of evaporation of the
solvent has a major impact on the intensity of the process of mass crystallization
from solution [1].

In previous studies, it was found that the process of mass crystallization of
many substances significantly depends on the available impurities. In the case of
multicomponent liquid solutions or suspensions, which contain not only soluble
impurities but also insoluble suspended components can significantly complicate
the process of forming a granular product, so to prevent this it is necessary to
determine the kinetics of evaporation of multicomponent liquid mixtures on heated
surfaces. ensuring the quality structure of the granular material [2].

The intensity of the evaporation process is the main parameter that affects
the structure of the obtained granular material. Thus, at high evaporation rates, the
porosity of the obtained material decreases, which in turn determines the strength
and homogeneity of the granules. [3].

During the experiment, ammonium sulfate obtained by the coke-chemical
method, bone meal obtained from food industry waste were used. When analyzing
the resulting solution, it was found that the liquid mixture is a suspension, and
(KB) is distributed in the liquid phase in the form of suspended particles. An
experimental study of the kinetics of the evaporation process was performed on the
installation shown in the figure 1.

The experiment was performed on an installation consisting of a voltage
converter LATR -1, a heating element, a metal plate, thermocouples and an
Arduino Uno R3 microcontroller. Compact thermistors NTC 3950 100, with a

14
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nominal resistance of 100 kQ at a temperature of 25 ° C, the dimensions of the
sensor 1.4 x 0.8 mm were used to read the temperature from the drop.

The data obtained from the thermistors via the Arduino Uno R3
microcontroller were transferred to a PC, where with the help of Microsoft Excel
further processing of the results, the scheme of the experiment and the

experimental setup are shown in Figure 1.

1 - metal plate; 2 - drop; 3 - temperature sensor; 4 - camera; Qg, Qp — amount of
heat from air and surface, W; Jw — evaporation flow rate, kg / s; ¢(t) —
concentration of solid matter in solution, kg s/ kg sol; Tl (t), Ts — droplet and
surface temperature, °C; opl — thickness of the surface, m

Figure 1 — Experimental setup and scheme of research on the kinetics of the

evaporation of solutions of ammonium sulfate with the addition of bone meal
The results of the kinetics of the evaporation process are shown in the
following Figure 2. On the thermograms there is a rapid drop in temperature to 50

— 55 ° C. The heat flow from the plate goes to heat the solution with an initial

15
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temperature To = 40 ° C, in contact with the heated surface there is a rapid

increasing of temperature to values T = 7280 ° C, Figure 2.

At this stage, all the heat coming from the heated surface is heated from the
initial temperature to the temperature Ts, which is equal to the temperature of the
wet bulb thermometer [4]. This period of dehydration is called the period of
heating of the drop, the total duration of this period is insignificant in comparison
with the total drying time, according to the obtained data is approximately 30 — 50
s, (Figure 2).

The intensity of this process is explained by the relatively large useful
temperature difference AT = 55 © C, large heat transfer surface and high heat
transfer coefficient, due to the lack of heat transfer resistance and mass transfer of

the evaporation rate, Figure 2.
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T =95 °C; Thos = 25 °C; hyop = const = 30 %; Experiment 1: Water - 60%;
AS - 24%; BM - 16%; Experiment 2: Water - 50%; AS - 30%; BM - 20%;
Experiment 3: Water - 40%; AS - 36%; BM - 24%; Experiment 4: Water - 60%;
AS - 32%; BM - 8%;

Figure 2 - Thermograms of the dehydration process of 40%, 50% and 60%

aqueous solution of ammonium sulfate with bone meal
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When the temperature reaches the level of 72 - 74 ° C, the temperature of the
drop becomes constant. This phenomenon is explained by the evaporation process
takes place at a constant temperature, which is numerically equal to the
temperature of the wet bulb thermometer (equilibrium temperature), which became
during this period (T, = const). This period is called the period of equilibrium
evaporation. During this period, there is an intensive removal of moisture (solvent)
from the surface and the internal volume of the droplet, as a result of which the
concentration of solute in the liquid phase continuously increases cs (t). Since the
working solution has a high content of ammonium sulfate, the average
concentration of ¢s (t) quickly reaches the concentration of supersaturation of Csy,
begins the formation of centers of crystallization of ammonium sulfate and their
growth in the liquid phase. The intensity of the evaporation process decreases with
increasing diffusion resistance to the mass flow of solvent vapor through the layer
of microcrystals of ammonium sulfate.

Conclusions. The kinetics of the process of evaporation of saturated
aqueous solutions of ammonium sulfate with the addition of bone meal with
different ratios of dry components on heated surfaces consists of two periods:
heating from the initial temperature T, = Ty to equilibrium temperature Teq, Which
for 40%, 50% and 60% solutions Teg = 80 © C and the period of equilibrium
evaporation, which occurs at a constant temperature Teq, Which is equal to the
temperature of the wet bulb thermometer.
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UDC 662.73
TECHNOLOGICAL RESEARCH OF BIOGRANULES ON THE BASIS OF
PEAT AND SLUDGE

Academician of the Ukrainian Academy of Sciences, Doctor of Technical Sciences

Zhanna Petrova, graduate student Yuliia Novikova, graduate student Anton Petrov

Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The paper presents studies of technological properties of
biogranules based on peat, silt deposits.
Key words: PEAT, SLUDGE.

TEXHOJOI'TYHI JOCJIIXKXEHHSA BIOT'PAHYJI HA OCHOBI TOP®Y
TA MYJIOBUX BIIKJIAJIEHHb
akagemik YAH, a.1.1. IletpoBa XK.O., acnipantka Hosikosa FO.I1.,
acmipant [letpoB A.L.

IncTuryT TexHiyHol Temnopizuku HanionanbHol akagemii Hayk YKpaiHu

Anomauia. YV  pobomi  HasedeHi  OOCNIONCEHHS ~ MEXHONO2IYHUX
eracmusocmett OI02pauyn Ha OCHOBL Mophy, MyL0BUX BIOKIAOEHD.

Knruoei cnosa. TOP®, MYJIOBI BIJIKJIAJIEHHAI.

Peat from the Chernihivtorf deposit (Chernihiv), the floodplains of Irpen,
and sludge were used to create biogranules. The compositions to which peat from
the Chernihiv deposit was added were easily mixed, in comparison with the
compositions to which peat from the floodplain of Irpen was added. The
compositions were mixed in 3 ratios. The formation of biogranules was performed
on a hydraulic press. Biogranules were soft and slippery in various structures, as
well as hard and brittle [1].
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After granulation, the biogranules were subjected to drying on a convective

drying stand, which allows heat treatment of biogranules at a drying agent
temperature of 30 — 150 °C and a speed of 0.5 — 5 m/s [2].

Biogranules were investigated by determining the ash content and humidity.
Peat from the Chernihivtorf deposit has technological characteristics, moisture
75.1% and ash content 14.1%; peat from the floodplain of Irpen — moisture 55.13%
and ash content 47.3%; sludge — moisture 63.1% and ash content 47.3%. Peat from
the floodplain of Irpen belongs to the lowlands so it has high ash content due to the

application of river sand.

~ o o
66,97 168,6) =0 0.1

The ratio of | T'he mto of 2 The ratio of 3

® Ash content, % = The content of organic substances, % @ The imitial motsture, %
Fig. 1. Technological characteristics of biogranules with peat from
the field of Chernihiv
Figure 1 shows that the addition of peat from the Chernihiv field reduces ash

content and increases the content of organic matter. The lowest ash content in the
third ratio.

The ratio of | The ratio of 2 The ratio of 3

® The mmual moisture, % ®WAsh content, % 0 The content of organic substances, %o

Fig. 2. Technological characteristics of biogranules with peat from

the floodplain of Irpen
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Peat from the floodplain of Irpen has higher ash content than from the field

of Chernihiv. Therefore, as can be seen from Figure 2, all the formed ratios have
excessive ash content.

During the study of technological characteristics of biogranules it was
determined that peat from the floodplain of Irpen has excessive ash content, which
is not allowed for burning and use for fertilizers, so for further work used peat

from SE "Chernigivtorf".
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OVERVIEW OF EXISTING RESEARCHES OF THE PROCESS OF
DRYING PURPLE CABBAGE
Dr. Tech. Sc., Chief Researcher Petrova Zh., PhD, Researcher Slobodianiuk K.,
postgraduate Grakov O., postgraduate Vishnevsky V.

Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. Proven relevance and adduce existing some foreign studies of the
processes of drying and processing of purple cabbage are substantiated. The
advantages and disadvantages revealed during the acquaintance with scientific
articles and Internet resources are analyzed. The expediency of conducting studies
of convective drying of violet cabbage in order to expand the range of existing data
has been established.

Keywords: PURPLE CABBAGE, CONVECTIVE DRYING,
SUBLIMATION, ENERGY EFFICIENCY, HEAT AND MASS TRANSFER.

OrJisA A ICHYIOUUX JOCJIIKEHDb [MTPOLUECY CYHWIIHHSA
®IOJIETOBOI KAITYCTH
J.1.1., ron.Hayk.cmiBp. [letposa XK.O., k.T.H., H.c. Ciobonsniok K.C.,
acmipanT ['pakoB O.I1., acnipant Bumneschkuii B.M.

IncTuryT TexniyHol Temnopizuku HAH Ykpainu

Annomauyisn. OOTpyHTOBAHO aKTYaJbHICTh Ta MPEACTABIICHI ICHYIOUl NESKI
3aKOPJAOHHI JOCIIIPKEHHS TPOIIECIB CYIIIHHS Ta MepepoOKu (i0JIeTOBOI KaIllyCTH.
[IpoananizoBaHo TiepeBar Ta HEMOJIKA BHUSABJICHI IIiJ] Yac O3HAHOMIICHHS 3
HAyKOBUMHU CTATTSIMH Ta IHTEPHET-pecypcaMu. BCTaHOBIEHO MOIIIBHICTH
MPOBEJICHHSI JOCJIIPKEHh KOHBEKTUBHOI'O CYIIIHHS (h10JETOBOI KAIyCTH 3 METOIO

PO3IIMPEHHSI CTIEKTPY 1CHYIOUHX JaHHX.
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Kniouosi  cnosa:  DIOJIETOBA  KAIIYCTA, KOHBEKTUBHE
CVILIHHA, CYBJIIMAILLLA, EHEPT'OE®EKTUBHICTD,
TEINIOMACOOBMIH.

There are few studies in Ukraine on the drying of purple cabbage, the vast
majority of studies related to dietary nutrition. Therefore, an analysis of the work
of foreign scientists and production facilities in this direction was conducted.

Purple cabbage (Brassica oleracea L. var. capitata L. forma rubra) is a
thermolabile vegetable raw material, a source of antioxidants, and is an extremely
valuable and popular object for drying abroad. Processing into a dried powder
form, it is easy to store and use as an ingredient for further technological use.

For example, in China, companies such as Organic Herb Inc. and Hunan MT
Health Inc. researches and processing (drying) for juice of purple cabbage on
organic purple powder and reception of pigment of violet extract of cabbage are
carried out [1, 2].

Brazilian scientists [3] by spray drying using various encapsulating agents,
encapsulation of red cabbage extract has been developed.

The influence of drying methods on the content of dietary fiber in dried
fruits and vegetables from non-toxic agricultural fields was researched at the
Faculty of Agricultural Technology, Rajamangala University of Technology,
Thanyaburi, Thailand.

Researchers have noted that sun drying in the tropics and subtropics of
purple cabbage has an economic and environmental advantage [4]. However, it
should be noted that it is extremely difficult with such a natural method to monitor
biological processes in the material and changes in the microflora on the surface of
the product.

From fig. 1 shows that the best color and appearance are preserved by
freeze-drying. However, researchers [4] it is noted that the best are preserved of

biologically active substances when dried with hot air (70°C) in the oven.
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Fig. 1 Dried purple cabbage:

a —dried in the sun; 6 — freeze-drying; ¢ — dried with hot air (70°C) in the
oven
The vast majority of studies concern the processing of purple cabbage juice
into anthocyanin powder or does not contain a wide range of data that would
increase the energy efficiency of the drying process while fully preserving the

nativeness of the raw material.
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Abstract. One of the main technological properties of functional powders
obtained from vegetable raw materials, equilibrium humidity is important.
Because the final moisture content and energy costs for the dehydration process
depend on this indicator. To determine the equilibrium humidity of the samples of
combined powders, depending on the relative humidity, the tensometric (static)
method of Van Bamelen was used. As a result of researches kinetic curves of
adsorption of water vapor of antioxidant vegetable powders which were compared
among themselves are received.

Key words: ANTIOXIDANT VEGETABLE POWDERS; ADSORPTION;
COLLOIDAL CAPILLARY-POROUS MATERIALS.

AJICOPBUIMHI BJIACTUBOCTI
AHTUOKCUJAHTHHUX POCJIMHHUX ITIOPOUIKIB
r.H.c., A.T.H. [lerpoBa X.O., ct.H.C., K.T.H. Camoitnenko K.M.,
acnipant ['paxos JI.I1.

Incturyr Texnivnoi tensiodizuku HAH Ykpainun

AHoTauniss. OO0Hi€lo i3  OCHOBHUX  MEXHOJOIYHUX — 81ACMUBOCMEl
@DYHKYIOHAIbHUX ~NOPOWIKIB, 00EPIHCAHUX 3 POCIUHHOI CUPOBUHU, BANCTUGE
3HaueHHs1 Ma€ pigHOBAaNCHA 80n02icmb. OCKINbKU 6i0 Yb020 NOKASHUKA 3ANEHCUMb
KiHYesUll 8010208MIC MA eHepeemudHi 3ampamu Ha npoyec 3He80OHeHHs. [
BU3HAYEHHSI PIBHOBAJCHOI B0JI020CMI 3PA3KIE8 KOMOIHOBAHUX NOPOWIKIB 3AJIeHCHO
8i0  BIOHOCHOI  B80JI02OCMI  NOBIMPsL  3ACMOCOBYBABCS  MEH30MEemPUYHULL
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(cmamuunuii) memoo Ban bamenena. B pe3ynrbmami 00CHiOMNCeHb OMPUMAHO
KIHemuyHi Kpuei aocopoyii 800aAHOI napu aHMUOKCUOAHMHUX POCIUHHUX
NOPOWIKIB, SKI NOPIBHIOBAIUCH MIdiC COO0TO.

KmwuoBi caoBa: AHTHUOKCHUIAHTHI POCJIMHHI TTOPOIIKMH;
AJICOPBLIA; KOJIOIIHI KATIUTISIPHO-IIOPUCTI MATEPIAJIM.

The shelf life of food, as a rule, is determined based on commercial
requirements, taking into account the time required for delivery of this product to
the consumer, the temperature in the period from production to sale. A realistic
estimate of shelf life can only be obtained from research and compliance with
storage requirements. Storage conditions for research should reflect the
temperature and humidity conditions in which these powders will be stored. For
Ukraine, the room temperature is 22 - 25 °C, and the relative humidity for this
temperature is 60 — 70 %. Therefore, the adsorption properties of antioxidant plant
powders were investigated in order to select the optimal storage conditions.

To determine the equilibrium humidity of the samples of combined powders,
depending on the relative humidity, the tensometric (static) method of Van
Bamelen was used. The essence of the method is that the samples of material with
a predetermined moisture content are kept in desiccators over aqueous solutions of
sulfuric acid. The known concentration of solutions corresponds at a given
temperature to a certain partial vapor pressure, ie the corresponding value of the
relative pressure p/ps [1,2].

Analysis of experimental data shows that the curves are the same. Within the
investigated humidity, they are returned to convexity. For red beetroot at ¢ = 0.4 -
0.6 the equilibrium state is established for 10 - 14 days, at ¢ = 0.7 - 0.8 for 16 - 19
days. For red beetroot-lemon powder at ¢ = 0,4 - 0,6 the equilibrium state is
established on 8 - 10 days, at ¢ = 0,7 - 0,8 on 18 - 19 days [2].

Based on the obtained experimental data on the equilibrium moisture
content, water vapor adsorption isotherms of antioxidant functional powders were
constructed (Fig. 1). Adsorption isotherms have the same character of these
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isotherms; these materials are capillary-porous colloidal bodies and have the same

forms of moisture binding (adsorption, capillary and osmotic).

45 1 ® Red beetroot-rhubark
1 » Red beetroot-lemon

Material humidity W, %
[ %]
[ ]

0.4 05 0.6 0.7 0.a 0.8
Relative humidity, P/IPs

Fig. 1. Adsorption isotherms of water vapor of red beetroot-containing

powders

When storing antioxidant composite powders in order to preserve their
technological properties, it is recommended to maintain the following conditions in
the room: humidity 60 — 70 % at a temperature of 20 - 25 °C and hermetically pack

them.
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JOCJIIIZKEHHSA BIVIMBY TEOMETPUYHUX ITAPAMETPIB TPYBKH
BEHTYPI HA 3MIHY TUCKY B ANSYS FLUENT.
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AHoTanisi:  Pozenamymo  MOXMCIUBOCMI  GUKOPUCMAHHA — CYYACHUX
KOMN'tomepHux mexnono2iti npu 00Ci0JNCeHHI meyii 8 3aKpumux KaHaiax pizHoi
eeomempii. Hasedeni pesynomamu Komn 1omepHo20 MOOEN08AHHS 2I0POOUHAMIKU
00HO- [ 080¢hazHol meuii Ha pi3HUX e6iopizkax conia Bewmypi npu pizHux
diamempax 20plosuHU Cconia i Kyma poskpumms ougysopy. Ilpoananizoeano
OMPUMAHI 3A1eHCHOCI 3MIHU MUCK) NO OCI conna Benmypi.

KawuoBi caoBa: KOMIT'IOTEPHE MOJAEJIFOBAHHA, ANSYS
FLUENT, I'TIPOAMHAMIYUHA KABITALIA, COIIO BEHTVYPL

Abstract: Possibilities of using modern computer technologies in the
research of the flow in the closed channels of various geometry are considered.
The results of computer modeling of the hydrodynamics of single- and two-phase
flow through different segments of the Venturi nozzle at different diameters of the
nozzle neck and the angle of opening of the diffuser are presented. The obtained
dependences of the pressure change along the axis of the Venturi nozzle are
analyzed.

Keywords: COMPUTER  SIMULATION,  ANSYS FLUENT,
HYDRODYNAMIC CAVITATION, VENTURI NOZZLE.

Benuka BapTicTh oOnagHaHHS Ui (PI3MYHOTO EKCHEPUMEHTY 1 TPYIHOII
BIITBOPEHHSI B JA0OPATOPHUX YMOBAX CKIAJHUX TIAPOAMHAMIYHUX IPOLECIB
MPU3BOAATE JI0 HEOOXITHOCTI BHKOPHUCTAHHS METOMIB iX MojemroBaHHS. J[ms
MOJICITIOBAHHS TIAPOJWHAMIKM OJHO- 1 nBodasHoi Tewii B comn Bentypi
Bukopuctano obuucimoBaibHUM CFD maker ANSYS Fluent, skuifi n03BoJisie
IIPOBECTU MOJIETIOBAHHS MPOIIECIB, MOB'SI3aHUX 3 PYXOM Ta3iB, PIAMH 1 IX CyMimIei

pU CKIaAHUX (PI3UKO-XIMIYHHMX B3aeMoiax [1].
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Jlyis BU3HAYEHHS] TEOMETPUYHUX MapaMeTpiB, MU 30CEPEAMIN Hall aHajll3 Ha
3MiHI THCKY B coIuli BeHTypi mpu pi3HUX JiamMeTpax TOpPJOBHHU COIUIa 1 KyTa
po3kpurts naudysopy. IlokazHUK THCKY € BaXJIMBUM MOKAa3HUKOM, IO
XapaKTepu3ye BUHUKHEHHS 1 pO3BUTOK TiAPOAWHAMIYHOI KaBiTallli, BUTpAT PiIUHU
1 TUTOMUX BUTPAT eJIeKTpoeHeprii [2].

Jlyig BCiX MOCHITHUX COMeEIN 3MiHAa THCKY Ha PI3HHMX AUISHKaX Ma€ HACTYIHUN
XapakTep: pi3Ke MaJiHHSA BijJ moyaTKoBoro 3HaueHHs (Pp) B KoH(DY30pi 32 paxXyHOK
3MEHIIEHHS IUIONII TOIMEPEeYHOro mepepidy 1 30UTBIICHHS IIBHIKOCTI MOTOKY
(nmpunnun bepHyi), HOCTiHE MO JOBXHHI TOPJIOBHHH 1 IOCTYNOBE 3pOCTAHHA J10
3HaueHHs (P1), MEHIIIOTO 3a mo4yaTkoBe B qudy3opi.

Pe3ynbTaTi mokasanu, 1o HalOUIBIIMN BIUIMB HAa 3MIHY THUCKY IO OC1 COIUIa
Bentypi Mae kyT po3kputTTs audysopa ogi. Llpu pi3HUX KyTax PO3KPUTTS
nudy3opa BCTAHOBIICHI 3HAYHI BIIMIHHOCTI Y XapakTepi Tedil 3aJIeKHOCTI 3MIHU
TUCKY 1O ocl coryia Bentypi. HaliO1ab1 cyTTeBa pi3HULA TUCKIB JOCATAETHCS MPU
KyTi pO3KpHUTTS Audy3opa ogif = 12°, 1m0 CBITYUTh MPO HAWOLIBITY IHTEHCUBHICTH
BIUIMBY €(EeKTIB TiIpOJAMHAMIYHOI KaBiTalii B IbOMY JOCIIJTHOMY COILII.
30uTbIeHHsT JAlaMeTpa TOPJOBUHHU COIJIa MPU3BOJAUTH 10 3MEHIICHHS PI3HMII
TUCKIB, IO MPHU3BOJUTH [0 YTBOPEHHS KaBITAUIMHUX OYJIbOAIIOK BEIMKOTO
JiaMeTpy, a TAaKOXK MOJOBXKEHHS 30HM BUHUKAIYOT0 KaBiTAIlIHHOTO KJIacTepy.

31 301IbIIIEHHAM KyTa BUX0Y 110 Ogirz = 90° 1 agirs =120°, mpu Bcix miameTpax
TOPJOBUHHM COIUIA, 3HAYEHHS PI3HUI THUCKIB 3MEHINYIOTBCA 3a PaxXyHOK
BUHHUKHEHHsI OOKOBUX NMPHUCTIHOYHHMX TypOyJEeHTHUX BUXOpiB. Lle B cBOO uepry
MPU3BOJUTH J10 30UTBIIIEHHS HEMPOYKTUBHUX BUTPAT €HEPTII.
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Abstract: The influence of factors on the morphological structure of crystals
during isothermal crystallization is considered. The scheme and description of the
experimental installation are given. The performed experiments are described.

Conclusions are made.

Keywords: INFLUENCE, FACTOR, STRUCTURE, CRYSTAL,
ISOTHERMAL, CRYSTALLIZATION

JOCJIIIZKEHHSA BIIVIMBY ®AKTOPIB HA MOP®OJIOI'TYHY
CTPYKTYPY KPUCTAJIB IIPH I30TEPMIUHIN KPUCTAJI3AII
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AHoTauisi: Pozensanymo enaug  gaxkmopie Ha MOpQONOSIUHY  CMPYKMYPY
Kpucmanie npu izomepmivnitl kpucmanizayii. Haseoeno cxemy ma onuc 00ciioHoi
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In recent decades, soil fertility in Ukraine is rapidly declining due to irrational
land use, soil erosion, contamination with pesticides, herbicides, residues of
mineral fertilizers, adverse weather conditions and soil compaction during tillage
[1].

An innovative method of increasing soil fertility, and hence increasing the
potential of the agricultural industry is the use of granular organo-mineral
fertilizers of a new generation with a given composition of useful components.

The main method of production of such fertilizers is granulation in devices
with a fluidized bed by isothermal crystallization. It is the process of crystallization
of ammonium sulfate in the presence of nutrient impurities is not fully studied, so
this paper will consider the basic principles of the process of mass crystallization
and identify factors that significantly affect the process [2].

The experiment was performed on an experimental setup (Figure 1)
consisting of a heating element, a metal plate, a cover glass, two thermocouples, a
voltage converter, an Arduino Uno R3 controller, a computer, and an optical
microscope.

The heating element connected to the mains is heated to the temperature set
on the switch (5), thereby heating the metal plate (1), on which there is a cover
glass (2) with the applied test solution. Two thermocouples (3) are installed in the
center of the metal plate through a hole, which measure the temperature inside the
plate, which is read by the controller and displayed on the computer (4).
Photographs of the micro crystallized substance were obtained using an ICBM-3
research optical microscope and a camera. The physical model of the process is
shown in Figure 2.

By means of voltage control the constant temperature of a heating element
on a metal plate of T, = 90 ° C is supported. As a result, the amount of heat is
transferred to the surface on which the process of isothermal crystallization of

ammonium sulfate from aqueous solution.
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1 - heating element; 2 - cover glass; 3 - temperature sensor; 4 - computer;

5 - voltage converter.

Figure 1 - Experimental installation
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1 - plate; 2 - cover glass; 3 - thermocouples; d. - droplet diameter, m; Qp -
the amount of heat from the plate, W; I, de; - crystal sizes, m; Ty, - plate
temperature, ° C; M, = 20 ° C; J,, - mass flow of solvent vapor, kg
Figure 2. Physical model of crystal lattice growth in the presence of

humates
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Under the action of heat from a drop of solution, the solvent is removed with
simultaneous crystallization by increasing the concentration of solute. When the
concentration of supersaturation in the drop begins to form the nuclei of crystals of
solute. Thus, the formed centers of crystallization grow in the droplet throughout
its volume with the subsequent formation of microcrystals.

The influence of the available suspended impurities and surface temperature
on the kinetics of the process of mass crystallization of ammonium sulfate is
investigated. The conditions of the experiment are as follows: temperature of the
gaseous medium Tyoy = 20 © C, relative humidity hpoy = 30%.

The experiment used a 40% aqueous solution of ammonium sulfate with the
addition of 0.8% humates, and the crystallization of the round drop occurs at a
surface temperature Tp = 90 °© C on which is placed a slide with a drop. The first
photograph of the droplet surface at time Tt = 100s from the beginning of the
experiment indicates the beginning of the process of formation of crystallization
centers (Figure 3).

Analyzing the dynamics of the process of mass crystallization from At =
100s, throughout the volume of the drop there is a uniform growth of already
formed crystallization centers and their integration into a stable framework by
means of crystal bridges. The process of mass transfer of steam into the gas phase
becomes less intense due to the increase in diffusion resistance on the outer surface
of the droplet. This phenomenon also explains the formation of crystallized drops
flattened to the center, with boundaries in the form of dense agglomerates [3].

The growth of crystals during crystallization on a horizontal surface
(crystallization front) occurs in three directions, and at time t = 400s a stable
framework of ammonium sulfate microcrystals is formed. After that, the process of
removing moisture from the inner areas of the droplet begins, as a result of which
the vapor bubbles that have reached the maximum size form cavities. The shape of
the microcrystals has a clear granular structure with visible boundaries, the size of

the microcrystals varies from 10 to 100 microns.
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Analysis of the structure of the crystallized drop of 39.2% aqueous solution of
ammonium sulfate with 0.8% humate content on a glass slide placed on a heated
surface with a temperature of Ty =90 °C at time T = 1200s indicates the formation

of druses and dendrites [5], which are outside the initial location of the drop.
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Figure 3. Microphotographs of the dynamics of the process of mass crystallization
of the droplet
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This phenomenon is explained by the increase in diffusion resistance in the
center of the drop, as a result of which the organic components partially cover the
surface of the microcrystals. Therefore, the centers of crystallization are formed
outside the droplet and the formation of a developed crystal structure occurs
outside the initial location of the droplet on the surface. This phenomenon allows
to create preconditions for the formation of new active crystallization centers for

the process of layered mass crystallization.

Conclusions

An experiment was performed which showed that the presence of suspended
or emulsified impurities in the composition of ammonium sulfate solution during
mass crystallization at a temperature of Tpl = 90 ° C significantly affects the
morphological structure of microcrystals. Thus, the presence of humates with a
relative mass concentration of 0.8% in a 40% aqueous solution of ammonium
sulfate promotes the formation of crystals with larger reduced sizes and more
dislocations, and promotes more intense formation of agglomerates.

It is also experimentally confirmed that the increase in diffusion resistance in
the center of the droplet, due to the increase in the concentration of impurities of
organic origin leads to the formation of druses and dendrites outside the initial

droplet size, which contributes to the formation of working structures.
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AHoOTaNisA: 3anponoHo8aHo  cnocib  npeocmasieHHs KIHeMmu4Hux
3aKoHOMIipHOCmel cywinnsi. Hasedeno xapaxmep npomikanHs npoyecy CYUIiHHA,
KU onucyemscsa Kpusumu CyWiHH}l. Tlokazano sAK 3MIHIOEMBCA B0J10208MICH
mamepiany ma 8i0 4020 3aneiCums UWUOKICMb Npoyecy CYUIHHSL.

KJ/IIOYOBI CJIOBA: CYIIIHHA, MATEPIAJI, KPUBA CYIIIHHAI.

Abstract: A method for presenting the kinetic regularities of drying is
proposed. The nature of the drying process is described, which describes the
drying curves. It is shown how the translation of the material changes and what
the speed of the drying process depends on.

KEYWORDS: DRYING, MATERIAL, DRYING CURVE.

One of the important tasks is to determine an effective way to represent
Kinetic patterns for their analysis and comparison.

Under the Kinetics of the drying process is understood the change in
average humidity and temperature over the volume of material to be dried with a
certain period of time. The drying Kinetics of the wet material determines the
choice of optimal parameters of the drying agent (temperature, pressure, humidity),
design and basic dimensions of the drying device. A detailed study of the kinetics
allows you to organize the drying process with the least energy consumption and
get a high quality product.

Drying is a thermal process in which moisture is removed from materials or
solutions by evaporation and evaporation. This is the most important stage of the

technological process, which affects the quality of the product, because the product
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not only dries, but also retains its biological value. To remove moisture from the
material you need to spend a certain amount of energy [1].

The drying process is best described by the dependences of moisture
content on time (drying curves) and the dependence of temperature on time. The
drying curves in the coordinates describe the change in humidity of the material
over time. Drying speed curves describe the effect of drying speed on the moisture
content of the material. The drying curve is built on the basis of experimental data,
and then by means of differentiation - the drying speed curve.

Here on such graphic dependences it is possible to estimate character of
course of drying process.

Drying curves and their dependences are presented in Figure 1.

dwdt

\

Wy

Wp

a - heating period; b - is the period of constant drying speed,;
C - is the period of reducing the drying rate; d - is the region of equilibrium;
e - is the area of the wet state; f - is the region of the hygroscopic state of
the material; the first 1 and the second 2 critical points.

Figure 1 - Typical drying curves of capillary - porous materials
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The graph shows that with the beginning of drying the moisture content w
of the material changes rectilinearly. Derived from the moisture content is the
drying speed dw/dr, which is at each point as the tangent of the angle of inclination
tangent to the drying curve w= F(zr) and must leave a constant maximum value
during the first period [2].

Evaporation of moisture from the surface of the material takes place in the
first period, where there is a difference in moisture content between the inner
layers and the surface of the material, while the moisture moves from the center to
the surface of the material.

The intensity of the moisture transfer will thus maintain the humidity on
the surface more hygroscopic. Gradual dehydration of the material will lead to the
fact that the moisture content of the material on its surface becomes equal to the
hygroscopic. This point corresponds to point 1 on the graph of the inflection of the
drying curves.

In the second drying period, the drying speed decreases and the material
temperature increases. The temperature in the middle of the layer of material
during drying is always less than the surface temperature and acquires the same
value only at the second critical point 2.

The change in the shape of the moisture bond occurs at point 2 of the bend
of the drying rate curve, which leads to removal from the material, so the drying
rate depends on it. At the end of the second drying period, the temperature of the
material is equalized with the ambient temperature, and the curves of moisture
content and drying rate asymptotically approach: the first to the moisture content
of equilibrium, the second to zero.

Therefore, with the help of drying curves it is possible to observe how the
moisture content of capillary-porous materials changes and it is possible to choose

the optimal variant of drying parameters.
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Thermoplastic melting mechanism in disk extruder
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ABSTRACT: The use of thermoplastics has gained considerable industrial
importance in the modern world. Although there are very few publications and
scientific papers related to the study of the characteristics of the processing of this
material. The oldest works found on the study of the melting mechanism in single-
line extruders date back to the 1950s. An important issue that needs to be
addressed to this day is the study of the melting zone in the extruder.

KEY WORDS: EXTRUDER, MELTING ZONE, MELTING ZONE,
TADMORE MODEL, DISPERSION MODEL.
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«KuiBcbKuil nmoiTtexHivauid iHcTutyT iMeHi Irops Cikopcbkoro»

AHOTAIISA:  Buxopucmawnns  mepmoniacmié  HAOYI0  3HAYHO2O
NPOMUCTI08020 3HAYEHHS 6 CYUACHOMY c8imi. Xoua nybnikayii ma HayKosux npayb,
N08 S3AHUX 3 OOCNIONCEHHAM XAPAKMEePUCMUK 00poOKUu ybo2co mamepiany, 0yoice
mano. Havioaswiwi 3uatioeni pobomu npo GUBUEHHS MeXAaHi3M) NIAGIeHHS 8
00HOWHEeKo8UX ekcmpyoepax, oamywomeca 1950-mu  poxkamu. Baoscaueum
NUMAHHAM, WO NOMpedYE piuleHHsl, 00 Cb020OHI € OOCNIONCEHHS 30HU NIABNIeHHS 8
excmpyoepi.

KJIIOUOBI  CJIOBA: EKCTPYJIEP, [IIJIABJIEHHS, 30HA
IIJTABJIEHHS, MOJIEJIb TAJIMOPA, JIUCITEPCIMHA MOJIEJIb.
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Considerable attention is paid to the processes of polymer processing, since
the share of polymer products increases from year to year. The growing volumes of
production and processing of polymeric materials require the polymer engineering
industry to optimize the process and make wider use of resource-saving
technologies. Single-sided extruders are widely used in industry for the production
of consumer plastic products. An important issue in worm extrusion is to ensure
the timely full melting of the polymer so that all the material moves from a solid
state to a viscosity. The stability of power and melting zones allows you to avoid
fluctuations in productivity. Elimination of productivity pulsations makes it
possible to reduce tolerances for geometric dimensions, which would lead to
significant savings in polymer and energy, as well as reduce the load on the
environment, by reducing the amount of raw materials that need disposal. [1]
Therefore, the study of the melting zone directly affects the resource-energy
efficiency of the installation.

The most common is single-red extrusion in which the following operations
are performed simultaneously: nutrition, compression, melting of solid polymer,
mixing, creating pressure and dosing of melt. All these processes are closely
related and are performed in the worm extruder by one working body - a worm,
which makes it difficult to optimize processes.

The melting process in the extrusion of polymers is the most energy-
intensive so its intensification is an urgent task. In studies of the process of melting
a polymer in the channel of a worm extruder, various physical and mathematical
models are used, which differ in the interpretation of the process, taking into
account various factors and the accuracy of the process.

For the first time, the melting process in single-color extruders is described
by Maddock [2]. The type of melting studied by Maddock belonged to the melting
model of the continuous layer of the solid phase. In the mid-1980s, Tadmore
conducted experimental work and theoretical analysis with the development of a

classical mathematical model of melting.
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In this so-called "cork" model, the melting process is considered in the
Cartesian coordinate system. The condition for the movement of the material in the
melting zone is more friction between the stopper and the cylinder than friction
between the stopper and the worm. Due to friction and transmission of thermal
energy from the surface of the cylinder wall, a thin melt film is formed. Gradually,
the film grinds down and, when it becomes larger than the radial gap between the
cylinder and the worm's ridge, the latter begins to scrape off a layer of melt that is
collected near its pushing surface. With the advance of the stopper of the granules
along the channel, its width decreases, and melting ends when the stopper
disappears. This model is based on the assumption that the movement of the
material in the melting zone is stationary, the speed and temperature fields in each
section of the channel are constant, and the polymer has a clearly defined melting
point. Further simplifications were that the cork was considered homogeneous,
homogeneous and continuous, and the cross section of the melt and cork area was
rectangular. Heat to the solid stopper is transmitted from the inner surface of the
cylinder through a thin melt film moving above the stopper. Additional heat is
generated in film due to viscous friction [3,4].

Heat transfer in the direction of the cylinder axis and from the pushing wall
of the worm's comb to the melt layer is neglected, since for most of the melting
zone the width of the solid stopper far exceeds its height. The thickness of the layer
of granules in the cork is considered significant, and since the thermal conductivity
coefficient of the granules is small, the temperature of the granules in contact with
the film quickly decreases from the melt temperature to the temperature of the cork
layers, rather distant from the contact zone. Melting speed in a thin layer on the
surface of the section "melt — cork™ in any cross section is determined by the power
of the heat flow supplied to the melting surface [5,6,7].

As noted, melting of a continuous solid phase layer is the most common
approach method when modeling the extrusion process. However, some studies
have found that solid particles under certain conditions do not actually collide, but
are dispersed in molten material. The most striking examples are disk extruders
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with cylinders, which are equipped in the loading zone with grooves, double-sided
extruders, or those that provide for the return of part of the melt to the melting

zone. The dispersion model of melting is shown in Fig. 1.
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Fig. 1. Dispersion model of polymer melting

Preliminary studies have shown that the length of the melting zone when
using the dispersion model is significantly reduced and is 3-5D against 10-15D
according to the Tadmore model.

In order to intensifice the process and reduce the total length of the melting
zone, it is proposed to implement a model of dispersion melting in disk extrusion.
Most often, special designs of worms are developed for this purpose, examples of
which are multi-western alumni and alumni for high pressures [7].

The dispersion model of melting in the disk extruder can be achieved
without changing the design of the main organ, and with the help of "hungry"
power supply, that is, with a limited supply of material to the loading area.

In the dispersion model of melting, it is assumed that the particles are
homogeneous, have a spherical shape and are dispersed in a molten polymer. To
fill the space between solid particles, some minimum melt volume is required. This
means that this model can be applied after a certain amount of solid material has
already been molten, or part of the melt after the homogenization zone returns to
the melting zone [2].

It is assumed that the heating of particulate matter occurs by thermal
conductivity evenly, and regardless of the location of the particle in the channel.
The heat spent on heating particles is determined by the amount of heat supplied

through the channel (through the cylinder and the worm) and the heat of viscous
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friction generated in the polymer melt. Dispersion model of melting with limited
feed is presented in Fig. 2.

)

Fig. 2. Dispersion model of melting with limited supply of disc extruder: 1 -
weight dispenser, 2 - loading and plastic zone, 3 - dispersion polymer stopper, 4-
semi-melt polymer, 5-homogeneous melt polymer.

It is assumed that the heating of particulate matter occurs by thermal
conductivity evenly, and regardless of the location of the particle in the channel.
The heat spent on heating particles is determined by the amount of heat supplied
through the channel (through the cylinder and the worm) and the heat of viscous
friction generated in the polymer melt.

One of the main tasks of the dispersion model is to determine the duration of
melting and the length of the channel of the melting zone. At each time value, the
temperature distribution by the radius of the particle located in the melt is
determined. The calculation ends when the temperature in the center of the granule
reaches the melting point.

References:

. Tadmor, Z. Engineering Principles of Plasticating Extrusion / Z. Tadmor,
T.Klein // Modern Plastics — 1970 —T. 1 (6). — c. 46-54

. Kym V.S. Theory and the practice of extrusion of polymers / V.S. Kim. — M. :
Chemistry, 2005. — 567 p.

. Rauvendaal, K. Extrusion of polymers: transl. — A.Y. Malkyna — SPB.: Profession,
2006. — 768 p.

45



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

McKelva, D. M. Recycling of polymers/ D. M. McKelva, — M.:
Chemistry, — 1965. — 442 p.

Bernhard, E. Recycling of thermoplastic materials/ E. Bernhard,— M.:
Chemistry, — 1965. — 748 p.
. Jacobi, H. R. Screw Extrusion of Plastics / H. R. Jacobi // Karl Hanser Verlag —
1960 — T 31 (1). — c. 105-127
. Donovan, R. A Theoretical Melting Model for Plasticating Extruders / R. Donovan
/[ Polym. Eng. Sci. — 1971 —T. 100(11). — c. 247-257

46



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

YK 536.242: YK 621.643: YJIK 620.175
CYYACHI HAIIPSIMKHU PO3BUTKY TEIJIOBOI EHEPTETUKH
K.T.H., p.H.c Konuk A B!, crynent [Jemuenko B.B.2
Tacruryr Texniunoi remnodiznkn HAH Ykpainu, 2 TaBpiiicbkuii

HanioHaJbHUi yHiBepcuteT iMeHi B.I. BepHaacbkoro

AHoTaWisA: B cmammi npedcmaséneno cyuacHi cmpamezii ma nioxoou
PO36UMKY MENN060i eHepeemurku KpaiH Jnidepié IHHO8ayill cucmem n’smozo
nokoninHsa — €@poneticokoeo corw3zy, CUIA ma Kumarw. Ilposedeno i
npeoCcmaesieHo 02510 OCHOBHUX HANPAMKIE DO36UMKY MEeNnio60i eHepeemuKu, o
RIOMPUMYIOMBCS HA 0ePAHCABHOM) DIGHI.

Karouosi caoa: TEIVIOBA EHEPI'ETUKA, PO3YMHI MEPEXI,
TEITJIOBE AKYMVYJIFOBAHHSA

Annotation: In the article presents the modern strategies and the
approaches to the development thermal power engineering of the countries leaders
innovations of fifth generation systems - European Union, USA and China. The
review of main directions of development of thermal energy is conducted and
presented that is supported at state level.

Keywords: THERMAL ENERGY, SMART GRIDS, HEAT STORAGE

OCHOBHUM HaIpsIMKOM PO3BUTKY CBITOBOi €HEPreTHKH Ha ChOTOJHINIHIN
JeHb € 0e3kapOOHOBa EHEPreTHKa, SKa JI03BOJISIE 3AIYYUTH Y SIKOCTI JIKEpel
re’epaiiii mpupoJIHi PECypcHu — BITpa, COHIIA, BOJH, T€OTEPMAIIbLHUX JKEPE, TOIIO.
OcHoBHa ies1 6e3kapOOHOBOT EHEepPreTUKA 3MECHIIICHHS 3aJIC)KHOCT1 SHEPIreTUKH BiJl
BUKOITHUX BHJIB TaJWBa, MIHIMI3allisl BUKHUAIB Yy OTOYyIOUE CEPEIOBHIIC 1
OIAJTUBE €HEPTOCTIOKUBAHHS.

OCHOBOIO ISl PO3BUTKY JISLIBHOCTI OY/Ib SIKOTO CEKTOPY MPOMMCIOBOCTI €
cTabuibHa Ta e(eKkTHBHa poOOTa €HEPreTHKW 1 TersioeHepreTuku. CymicHe W
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IJIAHOMIPHE BIPOBAKCHHS HAYKOBHX PO3pOOOK Ta 1HHOBAIIA JTO3BOJIAIOTH
M1JIBUIIYBaTH 1 PO3BUBATH MOTEHITIAN OYy/Ib SIKOT KpaiHU.

Cnoay4eni Itatn Amepuxku (CLIA). V Bepecni 2018 Konrpec npuiiHss
«3aKkoH TPO JOCHIKEHHS Ta 1HHOBAIlli B Trajy3l €HEpreTHKW», IO BHU3HAYAE
HarnpsMok 3ycwib MinicteperBa enepretuku CIIA (RTIC). Ogun 3 nmigkomiTeTiB
31 30epiranHs eHeprii € biopo 3 eHeproe@eKkTUBHOCTI Ta MOHOBIIOBAHUX JIXKEPEI
eHeprii Ta bropo mo enekTpoeHeprii, 1m0 MOe€aHYE POoOOTY YIpaBIiHHS HAYKH,
yIOpaBIiHHS BUKOMHOI €HEprii, YHOpaBlIiHHA SJAEPHOI €Heprii, YIpaBliHHA
TEXHOJIOTIYHUX TEPETBOPEHb €HEprii, BIAJAUI MOJITUKA Ta BiAAUM (PIHAHCOBUX 1
KkpeauTHux nporpam [1]. CuctemHa 31aroaxkeHa podora nepepaxoBaHuX CTPYKTYP
JI03BOJISIE MIBUAKO 1 KOHCTPYKTHBHO BUPINIYBATH NMHUTAHHS, 110 BUHHUKAIOTH MPHU
peaizaiii mpoekTiB, oAHUM 3 sikuXx € Energy Storage Grand Challenge.

3rinno miany Energy Challenge Grand nmo 2030 poky cTaBUTH 3a METY
PO3BUBATH 1 peai30ByBaTH HACTYIIHI HAPAMKHU:

1. Po3BuTOK TE€XHOJIOT1M 30€piraHHs TeIIOTH;

2. llpuckopeHHs TEXHOJOTIYHOrO TMPOLECY BiAg  JOCHIIKEHb 10
MIPOCKTYBAHHS CUCTEM 1 X BIPOBAKEHHS;

3. Po3pobka kpammx B CBOEMY Kiaci MOJIeJiel Ta TEXHOJIOTiM 30epiraHHs
€Heprii;

4. Po3poOka HOBUX TEXHOJIOTIH 11 3MEHIIICHHS 3aJISKHOCTI BiJI 1HO3EMHHUX
JKEpE KPpUTUYHO BAXKIMBUX MATEpIalliB;

5. CTBOpEHHsI TEIJIOBUX MEPEXK S5-ro MOKOJIHHS 1 CHCTEM HaKOMUYEeHH1
eHeprii.

Mera nakonumuenHst eHeprii Grand Challenge mnosnsirae B CTBOpeHHI 1
MIATPUMII CBITOBOTO JIIIEPCTBA Y BUKOPUCTAHHI Ta €KCIIOPTI CXOBHIIl €HEPrii 3a
JIOTIOMOT'OX0 HAJIIMHOTO JIAHITIOTa MOCTABOK BHYTPIITHHOTO BUPOOHUIITBA, SIKA HE
3aJIEKUTH BiJ 3apyODKHUX JHKEpes KPUTUYHO BAXIIMBUX MaTepianiB. Onuparoyuch
Ha pecypcu Bcix Bigaums eHepretuku, Grand Challenge rpyHTyeThcs Ha

«IHiiaTHBI MO BIOCKOHAJIIEHOMY 30€pIraHHIO0 €HEeprii» BapTicTio 158 MinbiOHIB
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JonapiB, OrosiomieHoi B OwomkeTtHoMy 3anuTi npesugenta CIIIA  wa 2020
dbinancowmii pik [2].

[amum HanpsmkoM po6otu MinicteperBa eHepretuku CLIA e minimizamis
TEIUIOBUX Ta CHEPreTMYHUX BTPAT 3MIHMBIIK 1J€OJIOTII0 HAIIOHATBHOTO
oymiBaunrea. Tak, y 2014 pomi xutioBi ¥ komepmiitHi Oyxismi B CIIA
BuKopuctoByBanu Oinbiie 40% Bciei HamioHanpHOI eHeprii Ta Oumeme 70%
eJIEKTPOEHEpTii, Ha 3arasibHy cymy noHaja 430 mupa. non. CIHA (Annual Energy
Outlook 2015). Merta bropo OymiBenpHUX TexHOJorid (BTO) - 3HM3UTH
IHTEHCUBHICTh BUKOpHUCTaHHs eHeprii B OyaiBimsix CHIA na 20% mo 2030 poky B
nopiBHsiHHI 3 2010 pokoM. byno po3pobneno nporpamy Emerging Technologies
(ET), mo pomomMarae MAOCITTH 1€l METH, JO3BOJSIIOUM  PO3pOOISITH 1
BIIPOBA/PKYBAaTH HA PHUHKY EKOHOMIYHO e(eKTuBHI Ta eHeproedeKTUBHI
texHosorii. ET ¢inancye 1 HampaBisie MpUKIAIHI JOCTI/HKEHHS 1 pO3pOOKH st
BIIPOBAIKCHHS TEXHOJIOT 1/ 1 IHCTPYMEHTIB, AK1 MIATPUMYIOTh
eneproedektuBHicTs OyaiBii. [lman mporpamu BTO nHa 2016-2020 dinancosi
POKH MICTHB JAETaIbHY JTOPOKHIO KapTy CTPATETiii PO3BUTKY TEIJIOBOi €HEPTEeTUKU
[3].

€sponeiicbkuii cow3 (€C). Kpainu €Bponencbkoro corw3y aKTUBHO
po3BuBatoTb SMART GRID cucremu [4], OCHOBHUMH pUCAMU SIKUX €:

- PO3BUTOK 1 (YHKI[IOHYBaHHS €HEPreTHMYHOI CHUCTEeMH MaloTh OyTH
COPSIMOBAaHUMH Ha TMOTOJKEHHSI MK YyCIMa Cy0'€KTaMU €HEPreTUYHOro PUHKY Yy
pe3ynbTaTi COUILHOTO OaueHHs LIJEH Ta HUISXIB PO3BUTKY TerioeHepreTuku. Ll
MOJIOKEHHSI CTOCYIOThCA: O€3IMEeKH, EHEepPreTUYHOi e(EeKTUBHOCTI, HAIIMHOCTI,
OOIpYHTOBAHOTO Tapu(OyTBOPEHHS, PO3BUTKY PUHKY, HAJJAaHHS SAKICHUX MOCIYT Ta
1HIIIE;

- cuTyaTMBHa 1HQpPACTpyKTypa, sKa TMpU3HAYCHA JJs MIATPUMKU
€HEPreTHYHUX, 1HPOPMALIITHIX, EKOHOMIYHMX 1 ()IHAHCOBUX B3AEMOBITHOCHH M1k
Cy0'eKTaMH €HEPTeTUIHOTO PUHKY, SIKa JI€ TIO/IIOHO /10 IHTEPHET MEPEKI;

- CUCTEMHI [IEPETBOPEHHS EHEPIreTUKH 1 BC1X 11 OCHOBHUX €JIEMEHTIB, a caMe
reHepariii, nepenaayi, po3noaiay Ta 30yTy TEIJIOBOI €Heprii 3 BIPOBAKCHHSIM
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CY4acHHX CHCTEM OOJIIKY, IO JO3BOJISIIOTH B PEXUMI pPEalbHOTO Yacy 3HIMaTH
MOKa3HUKHU, TepellaBaTh iX Ta 3AIMCHIOBATH KEPYBaHHS MPOIECOM YHUKAIOUH
aBapiffHUX CUTYaIliil;

- KOHIIEMIi KOMIIJIEKCHO OXOIUIIOIOTh BC1 OCHOBHI HANpsSMU PO3BHUTKY, 1
BKJIIOYAIOTh, SIK JOCHIPKEHHS, TaK 1 MpakTUYHE 3acTocyBaHHs. Jl0o OCHOBHMX
HaIMpsIMKIB PO3BHUTKY BITHOCSATHCA HACTYIHI cdepu: HaykoBa, iH(MOpMaIlliiiHa,
TEeXHIYHO-TEXHOJIOT1YHA, OpraHi3aIliifiHO Ta HOPMaTUBHO-TIPAaBOBa Oaza.

Bcei mpoektu, crocoBHo, po3Butky SMART GRID cucrem peanizyrorscs
koMIiekcHo. Tak, mounHaroun 3 2020 poky 80% crnokuBadiB OOCIYTOBYIOTHCS
yepe3 iHTeNeKTyanbH1 JiunibHukd. Hanpuknan, B [1IBemii ta Itami nepeinum Ha
1HTEeNEeKTyalIbH1 JTiuniabHUKY 11e y 2010 p, @innsanaia, Hopseris, [anis - y 2016p.
Haiibinpln ~ AMHaMIYHO ~ PO3BUBAIOYMMUCS — HamlpsMKamH, 3a  JIaHUMHU
KOHCanTUHTOBOI KoMraHii «Frost & Sullivany €:

- BUMIPIOBaJIbHI 1H(DpaCTPYKTYpH, IHTEJIEKTyaIbHI JNATYUKH,
1H(ppacTpykTypa nepenadi Ta KepyBaHHS JaHUMU;

- IHTErpallis po3NoALTy BUPOOHHUIITBA €JICKTPOCHEPTI;

- Cy4acH1 TEXHOJIOTIi epeiayl eHeprii Ta eJIeKTPOMOOLTI.

[Iupoko peami3oBYIOThCS MPOEKTH TOB’si3aHI 13 30€piraHHsIM TEeII0BOi
eHeprii, e TexHosorii HakonuyeHHs1 eHeprii (THE), ocHOBHOIO 3aiauero sIKUX €
KOMIICHCAIlsl HEPIBHOMIPHOCTI J000BOro rpadika HaBaHTaAXXEHb EHEPTeTHUHUX
cucteM [5]. AKTUBHO PO3BUBAIOTHCS TEXHOJIOT1T HAKOMUYEHHS, PO3POOIOIOTHCS
KOHCTPYKIIli TEIJIOBUX AaKyMYJISITOPIB, CTBOPIOIOTHCSI HOBI Ta JOCIIKYIOThCS
BIJIOM1 TEIUIOAKYMYITIOBaJIbHI Matepiainu [6,7].

Kuraiicbka Haponna PecnmyOgaika (KHP). HaiiGunbmuM cnoxuBauem
eneprii B cBiTi € KHP, sika B cBOIO uepry akTMBHO IHBECTY€ 1 PO3BHMBA€E CBOI
CHEpreTUYHl CHUCTeMH Yy BCIX HampsMmkax. JlepskaBHa kowmmanis State Grid
corporation of China cyMiCHO 3 KUTalChKOIO aKaJeMI€0 HaAyK MPOBOASTH POOOTH,
B IEpIIy Yepry, AJsi OTPUMaHHS €HEPreTUYHHX PECYpPCIB BiJ BiTHOBIIOBAIBHUX
JUKEpeNl eHEeprii, po3noAin 1 e(peKTUBHE BUKOPUCTAHHS OTPUMaHUX PECypCiB 3
3a]ly4eHHSIM CYYaCHMX TEXHIYHMX 1HTEJIEKTyaJbHUX 3aco0iB 1 MpuUIIadiB.
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BinOyBaeTbcsi akTUBHUN PO3BUTOK MEPEX, 110 3a0€3MeuyroTh PO3MOJILT, OOIMIK,
peecTpaliro 1 KepyBaHHS CHEPropecypciB y peaJlbHOMY pEXHUMI dacy.
[TpuiiMaroTbcst ~ CUTyaTMBHI ~ THYYKi  pIIIEHHS  BUXOASYM 3 3aj4adl
eHeproeeKTUBHOCTI 3a0€3MeUeHHSM CIIoKKBadiB [8]. PeamizytoThcs Taki miaxoau
IIPU CTBOPEHHI PO3YMHUX MICT, HanpuKiIaa mMicto Anshan, 1e anpoOyroThes pi3Hi
METOJM EKOHOMIi €Heprii Ta BIPOBA/KEHHS OUIBII EKOJOTIYHUX Ta CTIHKHX
pILIEHB, MIJISXOM 3TyYCHHS HAsIBHUX aJIbTEPHATUBHUX JIKEPENl €HEPTii B MEPEKY
[EHTPAII30BaHOTO OMajeHHs. MeTa MPOeKTy - e 3MEHIIEHHSI €HePrOEMHOCTI Ha
16% Tta BukuaiB CO, Ha 17% B nepioz 3 2015 poky no 2021 pik.

[licns TOBHOrO BHPOBA/KEHHS cucTeMa omnaineHHs Ha 678 000 ToH
3HM)KEHHSI PIYHOTO CHOKMBAHHS BYTULIs, ckopoueHHs BUKUAIB CO, Ha 1380 000
TOH, €KOHOMIsSl KOIITIB Ta OKYMHICTh 1HBeCTHIN depe3 3-4 poku. lle He nwmiie
JTI03BOJIUTH MICTY PEIHBECTYBATH 111 3a0LIA/PKEHHSI B 1HII BaXKJIMB1 pO3pOOKH, ajie
1€ 3HAYHO TIOKPAIIUTh AKICTh KUTTSI.

Bucnosxu

[IpoBenenuii Orsi CBITYUTH, 1[0 CYYaCHUM HAIMPSIMKOM PO3BHUTKY TEIIIOBOT
EHEpreTMKN € BIPOBaJKEHHs Oe3kapOoHOBOi eHepretuku. Tak, B CIIA, ne
MPAKTUYHO BIJICYTHE LIEHTpaJbHE OMAJCHHS, 3yCWUIS CIPSIMOBaHI Ha CTBOPEHHS
TEXHOJIOT1H 30epiraHHsl TEIUIOTH BEJIMKOI MOTYXHOCTI JJIsi 3aJ0BOJICHHS TOTPEO
MIPOMMCIIOBOCTI Ta MiABUIIEHHS eHeproedekTuBHOCTI OyniBenb. B kpainax €C, ae
IIMPOKO PO3TMOBCIOKEHO IIEHTPAJIbHE OMAJCHHS! OCHOBHHUI HAMPSIMOK PO3BUTKY -
ne SMART GRID cucremu. Kwuraiicbka Hapoana peciyOiika po3BHUBa€E
pI3HOMaHITHI HAaNpsSMKH TEIUIOBOi eHepreTuku. lle oOyMoBIeHO 1HTEHCUBHUM
PO3BUTKOM TIPOMHCIOBOCTI sika TOTpeOye TOTY)KHOI EHEPreTHKH, a TaKOX
BUPIIIEHHSIM MpoOJieM Teruio3ade3nedeHHs MoOyTOBUX TOTpeOd HaceleHHS,
YUCEeNBHICT, sKoro y 2021 pori 30iIbIUTBCS HAa 7,5 MJIH., 1 B KIHIII POKY
ctaHoBUTHME | 451 MIIH. YOJOBIK.
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Y]IK 66.074.2

MODERNIZATION OF THE FLUE GAS CLEANING PROCESS BLOC
student Khomenko M., associate professor, Ph.D., Stepaniuk A.
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

Summary: The description of modernization of a design of the bunker of a
cyclone due to additional installation of 2 grids is resulted. The modernization
consists in vertical installation of 2 grids located in the hopper fitting so that they
do not reach the walls and bottom of the bunker and are at right angles to each
other, which will increase the efficiency of the cyclone by reducing the number of
particles rising from the bunker and reducing hydraulic resistance in the cyclone.

KEYWORDS: BUNKER, CYCLONE, DEGREE OF CLEANING

MOJAEPHI3ZALISA HUKJIOHY
B BJIOLI OYUIIEHHA IMMOBUX I'A3IB
marictpantka XomeHko M. B., k.T.H., gou. Cremaniok A. P.
HaunionanbHuUil TeXHiYHMN YHiBepCUTET Y KPaiHU

«KuiBcbKuil mositexHivnuii ynipepcurer Ykpainu iMmeni Irops Cikopcbkoro»

AHoTaunis: Hasedeno onuc moodepHizayii KOHCMpPYKYii OYHKepY YUKIOHY 3a
PAxXyHOK 000amKo6020 6cmanoeienHs 2 cimok. Modepuizayia nonseac 8
BEPMUKATILHOMY BCMAHOGIEHHI 2 CIMOK, WO pOo3Mauwiosani 8 wmyyepi OyHKepy
max, wob He 00cmagaiu 00 CMIHOK ma OHuwia OyHKepy ma Oyau nio npsamum
KYMOM 00OHA 8IOHOCHO OOHOI, W0 00380aUMb NIOBUWUMU ephexmuUsHicmb pobomu
YUKIOHY 30 PAXYHOK 3MEHUIEHHS KIIbKOCMI GUHECeHUX 4acmuHoK 3 OYHKepy ma

3MEHUEeHHsL 2i0PasIiuH020 ONOPY 8 YUKIOHL.

KJIFOYUOBI CJIOBA: BYHKEP, HUKJIOH, CTYIIIHb OYMIIEHHA
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With the search for cheaper ways of heat supply, the installation of
individual heating and water supply systems in residential, municipal, industrial
and administrative buildings is becoming increasingly important. Such heat
recovery systems use a variety of raw materials for combustion, such as pallets. As
a result, in these systems, in addition to the heat generation bloc, a flue gas
purification bloc is required so that in the future the installation meets the
environmental standards for air pollution [1].

The purpose of the work is to modernize the flue gas cleaning bloc in the
individual heating and water supply system.

Cyclones are used in the flue gas cleaning bloc. The main advantages of
which are: high productivity, relatively low cost, simplicity of a design and ease of
repair and maintenance.

The main disadvantage of the cyclone is the insufficient efficiency of
separation of particles from the air flow, which reduces the degree of cleaning.

It is possible to improve the work of the cyclone by upgrading the design of
the bunker, which will increase the efficiency of the device by increasing the
degree of cleaning of the air flow. For this purpose | suggest to establish in the
union of the bunker vertically at right angles to each other two grids that will allow
to reduce removal of particles rising from the bunker [2].

The improved design of the hopper consists of a bunker body 1 having a
closed bottom, a fitting 3 and a flange 4. In a union 2 grids 2 which are placed
concerning each other at right angles and do not reach walls and the bottom of the
bunker are vertically established (Figure 1).

The design works as follows: the particles contained in the air after the
passage of the cyclone under the action of centrifugal and gravitational forces
descend to the bunker 1, pass between the fitting 3 and the grid 2 and settle. At the
same time, the air flow, which also moved tangentially down to the bunker, rotates
and returns to the cyclone, and the installed grids 2 allow to slow down the flow,
which reduces turbulence during its reversal, thereby reducing the removal of
particles rising from the bunker.
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A ! A

A-A

1 - the case of the bunker; 2 - grid; 3 - fitting; 4 - flange

Figure 1 - Advanced cyclone hopper
Thus, the use of modernized cyclone bunker will increase the degree of

cleaning of air flow and at the same time reduce the hydraulic resistance, which in

turn will improve the efficiency of the cyclone.
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YK 66.048.3
MODERNIZATION OF THE DISPENSER-FEEDER OF CEMENT-SAND
MORTAR
Polishchuk Denys, Andreiev Igor
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. A new design of the dispenser-revitalizer of the cement-feed unit
for the vibroextrusion is displayed. The principle of robotized annex and yogh
reloading was introduced in accordance with the existing constructions.

Key words: DISPENSER-FEEDER, VIBROEXTRUSION, CEMENT-
SAND MORTAR.

MOJEPHI3ALIA JO3ATOPA-)KUBUJIBHUKA HEMEHTHO-
IIITAHOI'O PO3YNHY
ctynedt Jlenuc Iomimyk, k.T.H., 1ou. [rop Auapees
HaunionanbHUil TeXHIYHMH YHiBepCUTET Y KpaiHU

“KuiBcbkuil noJiitexHiynuii iHcTuryT iMeni Iropsa Cikopcbkoro”

Anomauin. Posenawyma HO8a  KOHCMPYKYIA — 003AMOPA-HCUBUTLHUKA
YEeMEeHMHO-NIWaHo020 pPO3YUHY YCMAHOBKU 8ibpoexcmpysii. Hasedeno npunyun
pobomu 3anponoHO8aHO20 NPUCMPOIO | 1020 Nepesazu NOPIBHAHO 3 ICHYIOYUMU
KOHCMPYKYIAMU.

Kmwuosi caoBa: JJO3ATOP-XUBUJIIbHUK, BIBPOEKCTPY3IA,
[ITEMEHTHO-ITIIIIAHMI PO3YUH.

Dispensers-feeders of cement-sand mortar are widely used in the production
of building materials and structures, in particular in the vibro-extrusion molding of
fiber concrete products. Existing designs of such devices include a hopper with
inclined flat walls, as well as a belt conveyor located under it, under the upper

57



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

branch of which the front wall of the hopper is mounted vibrating table, and the
lower edges of the front wall of the hopper are cut. The disadvantage of such
devices is the increased hydraulic resistance to the flow of the solution as it passes
through the cutouts of the lower edge of the front wall of the hopper and,
accordingly, low productivity.

The authors proposed to rigidly fix a vertical flat limiter at least the
hydraulic diameter of the output cross-section of the converging insulated guide
channel on the lower edge of the rear wall of the hopper, and make the lower edges
of the front wall of the hopper solid [1].

This design provides the necessary gap between the lower edges of the
converging insulated guide channels 13 and the upper branch 8 of the belt
conveyor 7 for free flow of solution in the form of harnesses down to the conveyor,
preventing the flow of solution on the conveyor in the opposite direction. The
mortar bundles fall on the conveyor 7 and spread on it directly under the hopper 2,
which accelerates the formation of a thin layer of cement-sand mortar 1 and
increases the productivity of the device as a whole (see figure).

The device works as follows.At the upper part of the bunker 2, the
components of the cement-feed are filled in and the components of the cement-fed
rosette are inserted, and the installer is installed 14, when it is necessary to transfer
from the installer, the number 14 is transferred to the stations 3—6, from the tension
channels of the cement 13-bunker. Straight to the channels 13 at the viglyadi
"dzhgutyv" to the upper jib 8 of the jug conveyor 7. Vertical flat bead 11 to ensure
the necessary gap between the lower edges of the lower edges of the lower guiding
channels 13 to the upper jug 8 to the jug 8 rosetting the line on the upper head 8 to
the conveyor 7 behind the rear wall of the bunker 4. ball 1 of a cement-fed roschina

of the same product.
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1 - layer of cement-sand mortar; 2 - bunker; 3-6 - sloping walls
7 - belt conveyor; 8 - the upper branch of the conveyor; 9 - vibrating table;
10 - the lower edge of the rear wall of the hopper; 11 - vertical flat limiter;
12 - guide inserts; 13 - converging isolated guide channels; 14, 15 - vibrators

Fig. Device for obtaining a layer of cement-sand mortar

The proposed device significantly accelerates the formation of a thin layer of

cement-sand mortar and increases the productivity of the device as a whole.
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YK 532.137
MEASURING THE VISCOSITY OF LIQUIDS IN A CONICAL
VISCOMETER
Koval Vadym, Andreiev Igor
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. Designs of typical and proposed conical capillary viscometers are
considered. The proposed method for calculating the viscosity by the time of the
outflow of a certain amount of liquid from the conical channel of the viscometer. It
Is shown that it is necessary to carry out a series of additional experiments to
introduce a correction for kinetic energy when calculating the viscosity.

Key words: VISCOSITY, VISCOMETER, NEWTONIAN FLUID,
CONICAL CHANNEL.

BUMIPIOBAHHA B’A3KOCTI PIIUH Y KOHIYHOMY
BICKO3UMETPI
ctyneHT KoBanb Baguwm, K.T.H., 1ou. AHapeeB Irop
HaunionanbHuUil TeXHIYHMH YHiBepCUTET Y KpaiHU

“KuiBcbKkui noJiitexHiyHui iHcTuryT iMeHi Irops Cikopebkoro”

Anomauia. Pozenanymi KOHCMPYKYii munosux i 3anponoHo8an020 KOHIUHUX
KAniApHUX 8iCKO3UMEmpi6. 3anponoHo8aHa Memoouka po3paxyHKy 6 sI3KOCmi 3d
4acom GUMIKAHHS NEBHOI KIIbKOCMI PIOUHU 3 KOHIYHO20 KAHANLY BICKO3UMempd.
lloxazana HeobXiOHicmMb npoedeHHsr cepii 000amKO8UX eKCnepuMenmis OJis
86€0€eHHs NONPABKU HA KIHeMUYHY eHepaito NpU PO3PAXYHKAX 8 SA3KOCHI.

Kimwuosi caoa: B’A3KICTb, BICKO3UMETP, HBIOTOHIBCBKA
PIJIMHA, KOHIYHUI KAHAJL
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Capillary viscometers are the most common in the chemical, oil refining, food,
heat and power, construction and other industries. In such devices, to prevent
rupture of the integrity of the flow, a vertical capillary is immersed in a container
that has a much larger cross-section than the capillary of a viscometer, or a U-
shaped viscometer is used. Such devices are characterized by relatively complex
designs and limited application.

In a number of devices, conical channels are used to ensure the continuity of the
flow of liquids. Such devices include a flow-through cup or submersible
viscometer and a Marsh funnel (Fig. 1). In cup viscometers, the conical channel
ends with a flat bottom, in which the nozzles are fixed, and the Marsh funnel ends
with a cylindrical tube, that is, a complex fluid flow will take place. In these cases,
the relative viscosity is measured, which is expressed in seconds of flow time. The
disadvantage of such measurements is that empirical formulas are used to convert
to absolute units of viscosity, which are approximate, and some of them are simply

inaccurate.

Figure 1. Flow-through cup viscometer with a set of nozzles (a) and Marsh funnel

(b)
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The authors proposed a viscometer of a simplified design, in which the liquid
flows only through a conical channel, which makes it possible to use the existing
analytical dependences when calculating the viscosity [1].

In order to simplify the process of measuring the rheological characteristics, a
formula was obtained for determining the viscosity of Newtonian fluids by the

time of outflow of a certain amount of fluid [2]:

_ 91313tg”6,Ap
- 1
8(L}-L3)L3-13) °

where L, — distance from the origin to the original slice of the bin, m; L,— distance
from origin to channel entrance, m; ¢, — the angle of inclination of the inclined
wall of the channel to the vertical, rad.; Ap — pressure drop across the conical bore,

ITa; t, — time of liquid outflow from a completely filled channel, s.

The Calculation scheme is shown in Fig. 2.

Fig. 2. Calculation diagram of a conical viscometer

Sometimes the pressure drop in the channel with a slow flow of liquid under

the action of gravity is calculated by the formula:
Ap = pg(Lz—La),
where p — fluid density, kg/m3, a g = 9,81 m/s? — acceleration of gravity.

But the values of the viscosity of the reference liquids obtained in this case had

deviations from the table values.
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The presence of significant deviations of the viscosity values measured on standard
capillary viscometers from the tabulated values were also obtained in [3].
Therefore, the rheological characteristics of reference fluids with known viscosity

are currently being tested on the proposed viscometer to correct for kinetic energy.
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UDC 66.048.5
THE MODERN TRENDS OF THE INVESTIGATION OF THE
EVAPORATION PROCESSES
student Aitubaiev I.1., assistant professor Ph. D. Huliienko S.V.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

AHoTaWisA: Po32isiHymo OCHOBHI Cy4acHi meHOeHyii ma HanpsMKu
EeKCnepUMeHmanbHUx 00CI0HCeHb NPOYECI8 BUNAPIOBAHHS

KmwuoBi caosa: METAJIYPI'TA, CTIHHI BO/JAMW, OYMILEHHA,
BUITAPIOBAHHA

Abstract: The main trends and direction of the experimental researches of
the evaporation processes.

Key words: METALLURGY, WASTE WATERS, PURIFICATION,
EVAPORATION

The evaporation processes are widely used in many branches of the industry,
for example in chemical, pharmaceutical, fuel, energy generation and metallurgical
industry. This list may be continued; however, it should be reasonable to considere
last one in more detail. In modern word, it is extremely important to care about
environmental, and mentioned above field belong to the most non-environmental
friendly industries.

In the metallurgical industry the evaporation processes and evaporators is
widely used for the wastewater treatment purposes. The thermal desalination of the
bleed water is a common industrial method. It consists of the evaporators by more
that 40%, since the last its step is the two-step evaporation if the circulating
clarified concentrated solution. This process is combined with the crystallization
and separation of the sodium sulphate on the first stage and the sodium chloride on

the second stage. As a result, the sodium sulphate and the sodium chloride
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obtained and the desalinated water is pumped back into the recycled water
supplying system.

Since the mentioned above technological line mostly consist of the
evaporators and based on evaporation processes, which is associated with high
energy requirement the main purpose during the designing of such units is the
rational organization processes with consideration the specific tasks and
minimizing of the energy and capital costs.

Therefore, the development of the novel direction of the investigation of
evaporation process is the important aim for researchers.

De Angelis and al. [1] describe the performance of the evaporator in real
conditions. The experiment was carried out in subsecond and submicron conditions
by X-ray tomogram microscopy. It allows to obtain the tomograms with high steric
resolution, around 2 um and subsecond time resolution. Moreover, the high values
of the time resolution coupled with the possibility to apply the real assays of media
make the X-ray tomography the ideal technique for carrying out the researches.
This technique provide the possibility to observe the liquid evaporation process in
the real-time in conditions close to the real.

Ogata and Nakanishi [2] carried out the investigation of the significant
increasing of the Leidenfrost point (LFP) with aim to decrease impact of the
cognominal effect on the evaporation process. The aim of this experiments is to
demonstrate experimentally the improving of the LFP value using non-expensive
surface textures. The surface textures were made by the coating of the wire nets
made of stainless steel ne SiO,. The droplet lifetime method was used for LFP
determination in the temperature range of 200-490°C. The visualization of the
impact behavior of the droplet were obtained with using of the high-speed shooting
(4000-23000 frames per second). On the results of the investigation it was defined
that the LFP of the net surface with coating is higher than 490°C. This parameter is
higher that one for surface from stainless steel on 178°C and higher that one for
monolayer texture surface on 38°C. Moreover, the improvement if the LFP value
can be observed on the net surface with nanocoated surface.
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Shibata and al. [3] studied the new separation method with using of the
irradiation. In the described experiment the droplet of the butanol/water solution
was controlled during the influence the microwave irradiation at different power
rates. The obtained results show that intensity of the alcohol evaporation in the
microwave furnace that intensity of water evaporation. In this research, the
decreasing of the butanol concentration in the water phase up to 0.1 % (mass),
which is more effective than theoretical limits in boiling process.

Sum the described above researches up in in may conclude that the
application of the modern and innovative techniques such as X-ray tomography
and high speed imaging became more and more available for the bigger number of
the laboratories and research centers they are successfully used for the
improvement different parameters of the industrial equipment, some of them even
allow defining the novel operation modes of the industrial processes. It has a
significant impact in the effectiveness of the equipment and on the energy saving

and environmental protection.
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YK 66.081.63
YTOYHEHA OIIIHKA TPUBAJIOCTI PETEHEPAIIIL 3ABPYJHEHUX
MEMBPAHHUX MOJYJIIB
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HaunionanbHUil TeXHiYHUI YHiBepCUTET YKpaiHu

«KuiBcbkuii nojirtexHiyauii incruryT iMeni Iropst Cikopcbkoro»

AHHOTaNisA: 3a06pyonenns MemOpan € 0OOHIEI 3 OCHOBHUX NpobaeM nid uac
excnayamayii. ¥ nonepeouiii pobomi Oyau po3pobieHi memoo peceHepayii ma
MaAmemMamuyHa mMooeib Ybo2co npoyecy. Ane pieHAHHA Kpumepilo 6 Nnonepeouill
pobomi 06Y10 OMPUMAHO 3 BUKOPUCMAHHAM POy npunywjenv. Y yii pobomi
BUKOHYEMBCA  OHOBNEHA OYIHKA MPUBAIOCMI peceHepayii 3 YpPaxy8auHAM
OHOBNEH020 PIBHAHHS KpUmepiie ma 3 UKOPUCAHHAM Memoody Pynee-Kymma.

KmwouwoBi camosa: 3ABPYJIHEHHSA, MEMBPAHA, PEI'EHEPAIIIA,
KPUTEPIAJIbHE PIBHAHHSA, PO3PAXYHOK, OCA/, [IPOMUBHUN
PO3YNH, KOEDIHIEHT ITEPEHOCY.

Abstract: Contamination of membranes is one of the main problems during
operation. In the previous work were developed the method of regeneration and
the mathematical model of this process. But the criterion equation in previous
work was obtained using a number of assumptions. In this work, an updated
estimate of the regeneration duration is performed, taking into account the
updated criteria equation and using the Runge-Kutta method.

Key words: POLLUTION, MEMBRANE, REGENERATION, CRITERION
EQUATION, CALCULATION, PRECIPITATE, WASHING SOLUTION,
TRANSFER COEFFICIENT.

3a0pynHeHHs MeMOpaH € OJHI€I0 3 OCHOBHMX MpoOJieM NpH eKCIuTyaTallii
MEMOpaHHOTO  OOJaAHAHHSA, IO OOYMOBJIIOE HEOOXIJHICTH IPOBEICHHS
perenepanii memOpan [l]. B mnomepeaniii poboTi OyB pO3BHHEHUH METOJ
pere”epaiiii coipaJilbHUX MeMOpaH 3 BHUKOPHCTAHHSIM BaKyyMyBaHHS Ta
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MaTeMaTHYHa MOJETbh IBOTO MPOIECY, fKa J03BOJSE PO3paxyBaTH TPUBAIICTh

npoiiecy perenepaiii [2]. OgHak B il poOOTI BUKOPUCTOBYBAJIOCS KpUTEpialibHE
PIBHSIHHSI, SIK€ OYJI0 OTpUMaHE 3 BUKOWCTAHHSIM DSy IOMYIICHb, SKi IPU3BOISAThH
70 3aWBIIEHU 3HAYeHb Koe(illieHTa MEPEeHEeCeHHsS MacH, B HACTYIHIA poOOTi 1ie
piBHsHHs Oyno yrounene [3]. Meroro naHoi poOOTH IMPOBECTH YTOYHEHY OIIHKY
TPHUBAJIOCTI pereHeparlii 3 ypaxyBaHHSIM yTOYHEHHOTO KPUETPIaJbHOTO PIBHSHHA.
Takox B po0OOTI [2] HE BpaxOBYBAaBCSl BIUIMB 3MIHM KOHIEHTApIlii MPOMHBHOTO
pPO3YMHY Ha TPUBAIICTH PETeHEpallii, TOMy YyTOYHEHHA OIlIHKA TaKOX Ma€ Ha METi
NEePEBIPUTH OOIPYHTOBAHICTh TAKOTO MPUITYIIEHHS.

[Mporiec BUIYUYCHHS MacH 3 MOBEPXHI MEMOpaHH OMUCETHCS PIBHSIHHIM [2]:

M _x C"—CO—M” 1Mo =M (1)
dr V M,

[TouarkoBi ymoBu: M = 0 npu t = 0.
BusnauenHs koedimieHnTa nepenecenns macu K, Ha BiAMiHy B1J poOoTH [2], B

JTAHOMY JTOCJIIJIPKEHH1 BUKOPUCTOYBAJIOCS YTOCHEHHE KpUTepiajabHe PiBHSHHSA [3]:

Sh =0.00045Re® S¢°* (d, /1) (2)

Po3Bsasanna mpoBoawnocs 3a  MerogoMm  Pynre-Kyrra, po3paxyHOk
IPOBOJMBCS 3a JOINONMOIOI MPOTrpaMM, HAMUCAaHOI Ha MOBI IpOrpaMyBaHHS
Python y nBox BapiaHTax (B 3paxyBaHHSIM 3MiHU KOHIICHTpAIlii B MMPOMUBHOMY
po3unHi Ta 0e3 Hel).

Bynu npoBeneHi po3paxyHKH U BHUIMAAKY Oocajy, 1o ckianaetbes 3 FeCls
(IKUH BUKOPUCTOBYBAaBCA SIK MOJEJIbHUNM 3a0pyJHUK B EKCIIEPUMEHTAJIbHUX
JOCIJKEHHSX ) TIpU MMOYaTKOBIM Maci Maci ocaxy 0,002 kr, pobodiii TemmepaTypi
25°C. B po3paxyHKax BapitoBajacsi BUTpaTa IpOMUBHOr0 po3unHy B Mexax 0,001-
0,025 xr/c, mio BiAMOBIAAIO pealbHUM yMOBaMm poOOTH YCTaHBOKH. Pe3ynbpTaTi

pO3paxyHKIB HaBejeH1 B Tabymii 1.
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Ta0mums 1
PesynbraTtu po3paxyHkiB
Burpatpa 3 ypaxyBaHHSAM 3MiHH be3 ypaxyBaHHsM 3MiHU
MPOMHUHOTO KOHIIEHTpaIlli TPOMUBHOTO KOHIICHTpAI[li IPOMUBHOTO
pO34HHY, pOUNHY pOUYUHY
G, kr/c Kpurepiit Tpusanicth Kpurepiit TpusamnicTs
Peitnonnca, IIOBHOT'O Peitnonsca, IMOBHOT'O
Re BIJTYYCHHS Re BUJIYYCHHS OCay,
ocany, T, C T,C
0,0010 2,163 141000 2,163 141119
0,0025 5,407 67740 5,410 67801
0,0050 10,814 38910 10,814 38942
0,0075 16,221 28130 16,221 28154
0,0100 21,628 22350 21,628 22366
0,0125 27,035 18700 27,035 18710
0,0150 32,442 16160 32,442 16171
0,0175 37,849 14290 37,849 14295
0,0200 43,256 12840 43,256 12846
0,0225 48,663 11690 48,663 11691
0,0250 54,070 10740 54,070 10746

Ak BuAHO 3 Tabmuui 1, pi3HUIA MK TPUBATICTIO MOBHOTO BUITYYEHHSI OCay 3
ypaxyBaHHS 3MIHM KOHIIEHTpAIlli € HEXTOBHO MAaJOl, OTXKE MPUITYIICHHS,
3pobiieHe B po0oTi [2] € oOrpyHTOBaHMM. B TO¥ ke Hac, TpUBANICTh pereHepariii
CYTTEBO BIIPiXHAETbCS. B po0oTi [3] BiAMiUaeThCs, IO MOMEPEHs KpUETpiaabHa
3aJICKHICTh OTPUMAaHA TPU 3aBUIICHUX 3HAYCHHSX KoedimienTa audysii.
Pe3ynpTaTH yYYTOHEHHMX pO3pPaxyHKBIB ITOKa3yHOTh, M0 BHACIIJOK IIHOTO

CIIOCTEPITAETHCS TIEPEOIIHKA TPUBATIOCTI pereHeparlii B 4-5 pasiB, OTKe JJI OUTbIIT
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TOYHOTO PO3paxyHKy HEOOXIAHO KOPHUCTYBAaTHUCS YTOYHEHHHM KpPHUTEplalbHUM
PIBHSIHHSIM.

BukopucTaHHs yTOYHEHHOTO KpPUTEPIaJIbHOTO PIBHSAHHS J103BOJISIE OUIBII
TOYHO TepeadayaTH TPUBATICTH pereHeparlii MeMOpaHnHux monayiiB. Kpim Toro,
NPUITYIICHHS 11010 HEXTOBHO MAaJiOrO BIUIMBY 3MiHM KOHIIEHTpAIlil MPOMUBHOTO

PO3YHMHY aH BETUYNHY Koe]illieHTa IEPEHECeHHS CaMH BUSIBIJIOCS OTPYHTOBAHHUM.
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VJIK 532.137
MEASUREMENT OF VIBROVISCOSITY OF MIXTURES IN THE
PROCESS OF VIBROEXTRUSION MANUFACTURE OF
FIBROCONCRETE PRODUCTS
Kramar Olexandra, Andreiev Igor
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. A method for measuring the vibro-viscosity of a fiber-reinforced
concrete mix during vibration extrusion and formulas for its calculation are
proposed. The formulas obtained can also be used to determine the rheological
characteristics of any non-Newtonian fluids as they flow out of converging
channels.

Key words: VIBRATION VISCOMETER, VISCOSITY, VIBRATION
EXTRUSION, FIBER-REINFORCED CONCRETE MIX.

BUMIPIOBAHHSI BIBPOB’SI3KOCTI CYMIIIEM B ITPOIIECI
BIBPOEKCTPY3IHHOI'O BUTOTOBJIEHHSI ®IBPOBETOHHUX
BUPOBIB
cryaentka Kpamap Onekcanapa, k.T.H., 1ou. Auapees Irop
HauionanbHuUil TeXHIYHMH YHiBepCUTET Y KpaiHU

“KuiBcbkuil noJiitexHiynuii iHcTuryT iMeni Iropsa Cikopcbkoro”

Anomauia. 3anpononosani memoouxa SuUMIPIO8AHHA  BIOPOS s3KOCMI
Qibpobemonnoi cymiwi npu e6ibpoexcmpysii i Gopmyru 0na il po3PAxXYHKY.
Ompumani opmyau modcyms Oymu GUKOPUCAHI MAKONC O BU3HAYEHHS
PEOJIOCIUHUX XAPAKMEPUCTMUK 0YOb-KUX NCeBOOHbIOMOHIBCOKUX PIOUH Npu  ix

BUMIKAHHI 31 30I/CHUX KAHAIIE
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Kurouosi cjoBa: BIBPOBICKO3MMETP, B’A3KICTD,
BIBPOEKCTPYVY3IA, ®IBPOBETOHHA CYMIII.

To obtain objective rheological characteristics, it is necessary to use viscometers,
in which the material flow would simulate the processing process. This is very
important in the case of concrete mixtures containing dispersed reinforcement,
since the orientation of the fibers, which occurs due to shear deformation, changes
the viscosity of the entire system. In turn, the magnitude of shear deformations that
occurs in the process of vibro-extrusion depends on the configuration of fiber-
reinforced concrete products.

The paper presents the proposed by the authors formulas for calculating the
vibration viscosity by the time of flowing out of a certain amount of fiber-
reinforced concrete mix.

When measuring vibration viscosity in the process of manufacturing flat products,
it is necessary to ensure the selection of the mixture from the middle part of the
dispensing window, where there is no influence of the end zones on the speed of its
flow [1], and therefore the possibility of correct use of the analytical formula
obtained by the authors [2]:

. ngf_L%{Epr cos 2@, —5in Efpu]ts
sin 2o cos 2@, (L, +L, (12 —12)

where ¢, — angle of inclination of the inclined channel wall to the vertical, rad.
(¢, < 45°); L, — distance from the origin to the exit slice of the hopper (or channel),
m; L, — L, — the height of the mixture pillar in the hopper, m; p— density of the
processed mixture, kg/m?; g=9,81 m/s? — acceleration of gravity.

The design scheme is shown in Fig. 1.
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£

Fig. 1. — Calculation diagram of the process of vibroextrusion of flat products

In the case of the formation of molded products that are square in cross-section
(the design diagram is shown in Fig. 2), such a formula is proposed:

~ 3pgLili (2@, cos 2@y — sin2 @yt
K2 = B sin2 @ €082 o (Ly+ L)(L3 —L3)

N\ \ \‘ ,'; L‘l

Fig. 2. Calculating diagram of the vibro-extrusion process of molded products

square in cross-section
Calculation of vibration viscosity based on the flow time of a certain amount of

fiber-reinforced concrete mix greatly simplifies the measurement process and can

also be used with a limited amount of material.
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YK 691.3
VIBROEXTRUSION FLOW OF CEMENT-SAND SOLUTION IN
CHANNELS OF THE DISPENSER-FEEDER
Pinchuk Andrii, Andreiev Igor
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The influence of the form of pyramidal convergence channels of
the feeder dispenser on the nature of the leakage of cement-sand mortar is
considered, on the basis of which the formulas for calculating the process of
vibroextrusion are proposed.

Key words: DISPENSER-FEEDER, VIBROEXTRUSION, CEMENT-
SAND MORTAR.

BIFPOEKCTPY3IMHUM IVIVH IEMEHTHO-MIIAHOI'O PO3UHHY B
KAHAJIAX TO3ATOPA-)KUBUJIbBHUKA
acmipanT [linuyk Anapii, K.T.H., 1o1. Auapees Irop
HaunionanbHuUil TeXHIYHMH YHiBepCUTET Y KpaiHU

“KuiBcbkuil noJiitexHiyauii iHcTuryT iMeHi Iropsa Cikopcbkoro”

Anomauia. Pozenanymo ennue ¢hopmu nipamioanbHux 30I0CHUX KAHANI8
003amopa-HCUBUIbHUKA HA Xapakmep GUMIKAHHA YeMEeHMHO-NIWAHO20 PO3UUHY,
Ha  niocmaei 4020  3ANPONOHOBAHI  (QOPMYAU  PO3PAXYHKY — Npoyecy
8IOPOEKCMPY3IUHO20 NIUHY HbIOMOHIBCHKUX PIOUH.

KawuoBi caoBa: [JO3ATOP-XUBWJIBHUK, BIBPOEKCTPY3I,
HEMEHTHO-ITIIIIAHUI PO3YH.

The feeder dosing of cement-sand mortar is an integral part of the vibro-extrusion
unit, which is designed for the formation of fibro-concrete products. To speed up
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the process of thin layer formation cement-sand mortar and increase the
productivity of the feeder dosing unit as a whole, the authors proposed a new
design of the device, which contains convergent isolated guide channels regular
quadrangular pyramidal shape [1].

The work offers mathematical dependences that describe the process of flow of
cement-sand mortar in the channels of the feeder dosing device.

In the practical definition of the reological properties of such mixtures, a
phenomenal approach is used that takes the material in question as a homogeneous
isotropic environment. Only general reservations are made about the structure of
cement-sand mortar. Based on the representations of solidity, the mathematical
description of the flow is greatly lighter, macroscopic parameters such as pressure
and temperature are possible.

Given that in the vibration field created by standard vibrators, cement-sand
solutions are pseudonyton systems, the flow in a separate channel of the feeder can
be described by the formula [2]:

y = Y (cos 2, —cos 2¢, )(€os 2¢, — €0S 20, ) 0

r (cos 2, —1)°

where u, ... — is the maximum flow velocity in the center of the square converging

channel, m/s; ¢, —the angle of inclination of the inclined wall of the channel to the

vertical (¢, <45%), rad .; ¢, ¢, —angles of inclination to the vertical projections of

the current radius r on the planes yoz and xoz, respectively, rad.

The design scheme is shown in the figure. For easy calculation, the
beginning of the spherical coordinate system (r, 8, @) was selected at the point
where the sledding walls of the channel converge.

Current angles ¢, i ¢, equation (1) is defined by the formulas:

¢, =arctg(tgh-sing), @, =arctg(tgd-cos o).
To determine the maximum flow rate in the center of the square

convergence channel u, ., the influence of the slant walls of the closed canal to
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reduce the flow rate compared to the flow between flat symmetric fixed converge

walls was analyzed. As the result, proposed formula:
_ 0,3pgLiL5(cos2¢, —1)
~ urecos2¢,cos’ g, (L, +L,)
: (2)

where r — current radius, m; L, — distance from the origin to the original section of

rmax

the hopper, m; L, — L, — height of the column of the mixture in the hopper, m; x —
dynamic viscosity, Pa-s; p — fluid density, kg/m3; g =9,81 m/s? — acceleration of

gravity.

Fig. The design diagram of the flow process in the correct quadrangular pyramidal

channel

The joint use of formulas (1) and (2) fully describe the flow of Newtonian
liquids in the convergence channels of the correct quadrangular pyramidal shape

and can be used in the calculation of vibroextrusies
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DISPERSION AND FRACTIONATION
OF PECTIN-CONTAINING POWDER
Ph.D. Shapar R., Ph.D. Husarova O.
Institute of Engineering Thermophysics of the NAS of Ukraine

ABSTRACT. The research of dispersion and fractionation of dried plant
materials is carried out in the work. Energy-saving modes of dispersion and
fractionation processes are also determined.

KEYWORDS: DISPERSION, FRACTIONATION, DRIED PLANT
MATERIALS, POWDER, ENERGY-SAVING.

JAUCIHHEPI'YBAHHSA TA ®PAKIHIIOHYBAHHA
HEKTUHOBMICHHUX ITOPOLIKIB
k.T.H. [Ilamap P.O., x.T.H. [ 'ycaposa O.B.

IncruryT TexHiynoi Temnogizuku HAH Ykpainu

AHOTAIIA. [lposedero 0ocnioxcenHs Oucnepeys8anus ma paKyioHy8aHHs.
BUCYWIEHUX POCIUHHUX Mamepianie, GU3HAUEHO eHep2030epicaroyi pedCUuMu yux
npoyecis.

KJIIOUOBI CJIOBA: JIMCITEPIT'YBAHHS, ®PAKIIIOHYBAHHS,
CYIIEHI POCJIMHHI MATEPIAJIU, TTOPOILIOK, EHEPTOE®EKTUBHICTb.

In the absence of large-scale pectin production in Ukraine, pectin-containing
powders are an alternative source. They are used as natural additives in the
manufacture of health products, due primarily to the presence of pectin, as well as
other useful natural components of raw materials [1-3].

The purpose of the work is to conduct research on the dispersion and
fractionation of dried plant materials and to determine the energy-saving regimes
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of these processes.

The task of the research is to develop optimal modes of dispersion of dried
plant materials; determine the dependence of the micromill performance and power
consumption on the rotation speed of the dispersant rotor; to establish the influence
of the load on the sieve and the scattering time on the fractionation process.

Objects, equipment and research methods. Dried pectin-containing apples
and table beets were used as research objects. Studies of the dispersion process
were performed on an 8-MM micromill, the coarse part was ground on a DESI
disintegrator, the study of the dispersed composition of powders was carried out on
the device 029.

Results. The existing methods of grinding and equipment for its
implementation are analysed. The analysis showed that percussion mills are the
most suitable for grinding dried pectin-containing apples and table beets [4].

The dispersed composition of pectin-containing powders is determined in the
work. The influence of material loading on the sieve and scattering time on the
yield of the fine fraction was investigated. It is proved that the scattering process is
more influenced by the scattering time.

The graphically shows the effect of rotor speed on the equivalent particle
diameter and powder dispersion; differential and integral particle distribution
curves depending on rotor speed and scattering time for apple and beet powders;
the dependence of micromill productivity and power consumption on the speed of
the disperser rotor, etc. The optimal operating speed of the rotor is 50 m/s. At this
speed, energy consumption for grinding dried materials is minimal.

It is proved that the fractionation process almost does not depend on the load
on the sieve, but depends on the scattering time. It is impractical to increase the
process duration over 3 minutes. Increasing the time to 4 minutes increases the
mass of the fine fraction by only 2...5%.

The yield of the fine fraction of powders according to the optimal modes of
dispersion and separation is: apple — 65...68%, beet — 62...65%. The possibility of
re-grinding in order to increase the fine fraction yield is shown.
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Conclusions. According to the results of the research, the optimal dispersion
regimes, the dependence of micromill productivity and power consumption on the
dispersant rotor speed, as well as the effect of load on the sieve and scattering time
of apple and beet powders on the fractionation process are determined. On the
basis of the conducted researches energy-saving conditions of processes of
dispersion and fractionation of pectin-containing powders and proper work of the

corresponding equipment are defined.
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ABSTRACT. Methods for estimating the quality of the melt are analyzed,
the scheme of cascade disk-gear extrusion with the possibility of determining the
temperature homogeneity of the melt in the process of operation at constant
productivity is proposed.
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Uniform distribution of components in the polymer melt ensures the
achievement of the required properties (anti-aging, strength, flexibility, etc.) and,
accordingly, higher quality polymer products.

The extrusion process can be controlled and regulated by various methods.
Statistical methods are often used when sampling and comparing the general
dispersion with the actual value of the standard deviation of the concentrations of

the dispersed medium. Known in this case is the mixing index [1]:

1= (1)

ne s? - experimental dispersion of the dispersed medium, o*- general
dispersion.

Statistical criteria for assessing homogeneity are widespread [1], but in the
extrusion of polymers it is better to use parameters that allow you to analyze the
state of the mixture during operation, determining the parameters on which the
process depends significantly. This parameter is the temperature, or rather its
inhomogeneity, that is the distribution in the cross section of the melt flow by
which we can judge the temperature homogeneity of the melt.

Figure 1 shows the scheme of disk-gear extrusion. The dispenser 1 feeds the
polymer composition into a disk extruder 2 where they melt in the loading -
plasticizing zone (LPZ) and mixed in the disk gap h, after which, the prepared
polymer composition is pumped by a gear pump 3. Temperature inhomogeneity of
the melt is measured by a comb thermocouple 9 from a disk extruder.

Temperature and mechanical homogeneity are interrelated and when
temperature homogeneity is achieved, it can be argued that mechanical
homogeneity is achieved with the corresponding melt quality [2, 3].

It has been shown experimentally that the temperature of the melt during
extrusion can vary significantly in the cross section of the melt flow.
Thermocouples that measure the value of temperature at only one point are not

able to determine its fluctuations, so it is proposed to use grid thermocouples [4],

83



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

which measure the temperature at different points in one of the cross sections of

the ignition flow.
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1 - screw batcher; 2 - disk extruder; 3 - gear pump; 4 — compensator; 5,6,7 -
engine;
8 - throttle device; 9 - comb thermocouple; 10 — disc gap

Figure 1 - Disk extruder installation scheme

In the proposed cascade disk-gear extruder is used as a melter-homogenizer
disk extruder, operating at a metered supply. This option allows directly in the
process of constant performance, to control the thermo-mechanical load on the
polymer due to the possibility of changing the speed of the extruder’s disc 2 and to
adjust the homogeneity of the melt due to the possibility of changing the disk gap
h, the optimal value of which is the minimum temperature deviation from the
average integrated melt temperature.
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EHEPIOOLIOJHA TEXHOJIOI'ISI PEKTU®IKAIII B
MACOOBMIHHHUX KOJIOHHHUX AITAPATAX
K.T.H., norieHT bymiit 10.B., k.1.H., nonient Kapnyrina M. B.
HauionanbHui yHiBepcHTeT Xap40BHUX TeXHOJI0rii, M. KniB, Ykpaina
1.T.H., ¢.H.c O6010BUY O.M., k.T.H. Cugopenko B.B.
IncTuTyT TexHiyHOI Tenopizuku, m. KuiB, Ykpaina
AHoOTaNisA: 3anpononosano enepzo3bepicaroyy MeEXHONO02I0 YUKIIYHOL
pexmugpixayii 8 MAcCOOOMIHHUX anapamax, OCHAWEeHUx NPo8albHUMU MAPIIKAMU.
Pezynomamom sacmocyeanns mexunonoeii cmano nio8uweHHs CMyneHs: OYUCmKU
emunogoz2o cnupmy 6i0 domiuiok Ha 30 %, 30inbulenHs KOHYyeHmpayii cnupmy &
opasicnomy oucmunsami Ha 28 %, 3meHwenHsa eumpam 2pitouoi napu na 37-40 %.
Kurouosi ciosa: CIIMPT, MACOOBMIH, KOHTPOJIbOBAHI [MMKJIN,
KOJIOHA, PEKTU®IKAILILA

Abstract: Energy-saving technology of cyclic rectification in mass
exchangers equipped with failure plates is offered. The result of the application of
the technology was to increase the degree of purification of ethyl alcohol from
impurities by 30%, increase the concentration of alcohol in the distillate by 28%,
reduce the consumption of heating steam by 37-40%.

Keywords: ALCOHOL, MASS TRANSFER, CONTROLLED CYCLES,
COLUMN, RECTIFICATION.

B ymoBax 3pocTaroumx I[iH Ha €HEProHocii po3poOka eHeprozdepiraroymx
TEXHOJOTIM € TepHIoYeproBUM 3aBJaHHAM, AaKTyaJbHUM JUIsl  CIIUPTOBOI
pOMUCIIOBOCTI. HeocTaTHii yac KOHTAKTy NapH 1 PiIAMHUA 3HUKYE €(DEKTUBHICTD
MacoOOMIHy Ha TapiIKax MacOOOMIHHUX KOJIOHHUX arapaTiB 1 MPU3BOJIUTH JI0
30UTBIIEHUX BUTPAT TPil0YOi Mapu B MPOLIECaX BHIYYEHHS CHOUPTY 13 OpaxKku i
MOJAJIBIIOT HOTO0 OYUCTKHU B TUIIOBUX Oparopektudikamiitnux ycranokax (bPY).
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MeTtoro poboTu Oyino gociimkeHHsT eheKTUBHOCTI €HEProomaaHol TeXHOJIOT]
MUKTIYHOT pekTudikalii B MacOOOMIHHMX araparax, OCHAIICHUX MPOBAILHUMU
TapiIkaMM, BU3HAYCHHS MUTOMOI BUTPATH TMapH, CTYNEHIO BUJIYYCHHS Ta
KPaTHOCTI KOHIICHTPYBAHHS JIETKUX JOMIIIOK CIIUPTY.

3anponoHOBaHa TEXHOJOTIS Tependadaia 3MIMCHEHHS KOHTPOJIbOBAHUX
ITUKJIIB 3aTPUMKH 1 iepenuBy piawaw [1]. s 1 peanizarmii criiBpooiTHuKamMu TOB
«TICEP» B cmiBmpani 3 HaykoBisiMu kKadenpu HYXT 1 [TT® Oyna BuroronieHa
eKCIIEpUMEHTaIbHa KOJOHA 3 TapuUIKaMH 13 3MIHHHM XUBUM mepepizoMm. Komnona
Oyma oOcHalleHa pPYXOMHUMH TIEPEIMBHUMH MPHUCTPOSIMH, 3 €IHAHUMHU 3
MPUBOJHUMHM MEXaHI3MaMH, i SKUX BinOyBajgacs BIAMOBIAHO A0 IIporpamu
KoHTpoJiepa [2]. JochipkeHHs NpoOBOAWIMCH y BUpoOHWMUMX ymoBax /I
«UynHIBCHKUN CIUPTOBUM 3aBOJ» B MpoOliecax MEPErOHKU OpakKu 1 BUITyUCHHS
€THJIOBOTO CIUPTY 13 TO10BHOI (ppakiiii (I'P) ciupTy eTHII0BOTO.

Ha nepuromy eramni npoBOIWINCH TOCHIIKEHHS B MPOLECI MEPErOHKH 3pLI0i
Opaxku. Ilig yac BIIKpUBaHHS TEPEIMBHUX OTBOPIB KUBHUH Iepepi3 TapiioK
MUTTEBO 3poctaB Big 2,6 % nmo 51,7 %, 10Opu 1bOMy IIBUIKICTE Tapu
3MEHIIlyBajach, 1 pIAWMHA MICHS 3aTPUMKU TNEpesiuBajlach 4epe3 BCl OTBOPHU.
[TonoBxkeHHs wyacy mnepeOyBaHHS OpaXku Ha Tapiikax 10 12 ¢ J03BOJIMIIO
NIJBUIIUTH KOHUEHTPALI COUPTY B OpakHOMY IUCTUIATI A0 63...65 % o0.,
MPOBOJUTH OUIBIIT TIMOOKY T1IPOCENEKII0 TOJOBHUX 1 BEPXHIX MPOMDKHUX
JOMIIIOK CIUPTY B €MIOPALIHIN KOJOHI Ta MiIBUIIUTH CTYIIHb OYUCTKH €MIOpaTy
1 peKTU(IKOBAHOTO €TUJIOBOIO CIHMPTY. BCTaHOBJIEHO, 110 BUTPATH IPitOYO0i Napu
Ha TIEPETOHKY Opakku ckopouyBanuch Ha 37 % (mo 14, 4 kr/man a.a.). Crocio
BUKIIIOUA€E MOJKJIMBICTh YTBOPEHHS 3aCTIMHUX 30H Ta MPHUTOPaHHS 3BAKCHHUX
YAaCTUHOK OpaXkKKH, IO JI03BOJISIE€ TOJOBXHUTH TEePMiH €(PEeKTHBHOI eKCIuTyaTalli
KOJIOHM 0e3 11 3ynmuHKY Ha podiakTiudni podoTu [3].

Ha papyromy erami JociiJXeHb €KCIIEpMMEHTallbHAa KOJIOHA IMpaloBaia B
peXUMi PO3rOHKH criupToBMicHUX (pakmiii. Ha Ttapinky xuBnenns mnonaBaiu ['®
CIIUPTY €TWJIOBOTO pa3oM 13 CHUBYIIHOK ¢pakiiero B kimbkocti 10 % Big
abcomoTHOro ankoroito (a.a.) Opaxku. Ha BepxHio Tapuiky Oe3nepepBHO
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HAJXOJWIa Tapsda IIOM SKIIeHa BOAA JJIA TIAPOCENIEKIll JIETKUX JIOMIIIOK.
KoHueHTpaliss eTuiIoBoro cnupry B KyOOBiM piguHi craHoBuia 5...6 % 00. I3
KOHJIEHCATOpa KOJIOHM BiOMpasii KOHIEHTpaT rosioBHOI dpakmii (KI'®) B
kimpkocti 0,15 % Big a.a. OpakKW, KOHTPOJIOIUYM SKICTh PEKTHU(IKOBAHOTO
cnupTy. JJs mpoBeneHHs XxpoMaTtorpadiqHoro aHadizy BiIOMpany TOCiAHI TPOoOH
110 BUCOTI PO3TiHHOI KOJOHHM, IpoOu KyOoBoi pimunu, ¢paermu i KI'®. Ix ananiz
MOKa3aB, 1110 MpHU TOJIOBXKEHHI 4acy nepelOyBaHHs piAMHU Ha Tapiikax 10 30 c
CTYIiHb BHWJIyYEHHS ajbJAETiiB, BUIIUX CIHPTIB CHUBYIIHOI OJil Ta METHJIOBOTO
CIUPTY 3pocTaina B cepeauboMy Ha 30 %, a KpaTHICTh KOHLIEHTPYBAHHS TOJIOBHUX
1 BEpXHIX MPOMDKHHMX JOMIIIOK MijBuIyBajgack Ha 32 %. Ilpu nmpomy nuroma
BUTpAaTa IPII0Y0i MAapH Ha MPOLEC PO3TOHKU ckopouyBanack Ha 40 % (o 13 kr/nan
a.a., BBEJCHOIO Ha TAaplIKy >KHUBJICHHS). SKICHI MOKa3HUKU PEKTU(HIKOBAHOTO
CIUPTY IiJ 9ac JTOCTiIKEHb BIAMOBIAAIM BUMOTaM JUIsl Kateropii «JIroKcy.
BucHoBku : BHKOpHUCTaHHS 3alpONOHOBAHOI EHEProoMIagHOT TEXHOJIOTIT
pekTudikaiii 3 KOHTPOJIHOBAHUMH IHMKJIAMHU 3aTPUMKUA DPIAMHM Ha CTYIMEHSX
KOHTAKTY JIO3BOJISIE T1JIBUIIUTH CTYIIHb OYMCTKH €TUIIOBOTO CIUPTY BiJ JOMIIIOK
Ha 30 %, 30UTPLIIMTH KOHIIEHTPALII0 CIHUPTY B OpaKHOMY IUCTUIATI Ha 28 % B
nopiBHsHHI 3 TunoBuMu bPY. Tlpu npoMy nuTOMi BHUTpaTH TPIHOYOi MapH
ckopouytoTbcsi Ha 37-40 %, a TNOKa3HMKM TOBAPHOTO CIHPTY BIJANOBIIAIOThH

HOPMAaTHUBHHUM.
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TEXHOJIOI'TYHI PILNEHHSA OO0 NIABUINNEHHA AKOCTI
CIIUPTY 3 HEKOHJIUIIMHOI CHPOBUHHU
K.T.H., o1ieHT bymii F0.B. k.1.H., nonient Kapnyrina M. B.
HauionanbHui yHiBepcHTeT Xap40BHUX TeXHOJI0rii, M. KniB, Ykpaina
1.T.H., c.H.c O6omoBuu O.M., k.1.H., Cunopenko B.B., Azapos C.II.

IncTuTyT TexHiyHOI Tenopizuku, m. Kuis, Ykpaina

AHoOTaNis: /[na nioguweHHs AKOcmi Cnupmy, WO OmMpuMyiomv Hnpu
nepepooyi HeKOHOUYIUHOI CUPOBUHU, 3ANPONOHOBAHO IHHOBAYIUHI MEXHOJI02IUHI
pilieHHs, nepesipeHi y 8UPOOHUYUX YMOBAX, W0 NOJINULYIOMb OpP2aAHONeNnMUYHI
NOKA3HUKU.

KmouoBi  ciaosa: CIUPT, HEKOHJUWIIMHA CHPOBUHA,
JOMIIIKU, KOJIOHA, TAPUUIKA

Abstract: To improve the quality of alcohol obtained from the processing of
substandard raw materials, innovative technological solutions have been
proposed, tested in production conditions that improve organoleptic properties.

Keywords: ALCOHOL, SUBSTANDARD RAW MATERIALS,
IMPURITIES, COLUMN, PLATE

[Ipu mepepoOili HEKOHAMININHOI CUPOBUHU OTPUMYIOTH PEKTU(]IKOBaHUN
COHUPT 3 HU3BKMUMH OPTAaHOJICNITUYHUMHU TMOKa3HUKaMU. J[JIs MigBUIICHHS SKOCTI
CIUPTY 3ampONOHOBAHO I1HHOBAIIMHI TEXHOJOTIYHI pIIIEHHs, TMEePeBIpeHi Yy
BupoOHNUMX yMoBax /Il «YyaHiBCbKU CIUPTOBUI 3aBO/IY.

BcranoBneno, 1o sl BUpIIMICHHS TIOCTaBJICHOI 3ajayl  JIOLIJILHO
BUKOPHWCTATH HACTYIHI TEXHOJIOTIYHI PIIICHHS:

1. Jlnst 3MEHIIEeHHS HOBOYTBOPEHHS JIETKUX JOMIIIOK B Opa)kH1 KOJOHI
3a0e3neunTy ii podoTy mia po3pimkeHHsM. [[IABUIIMTH e(pEeKTUBHICTH MPOLECIB
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nexapOoHizanii OpaXKd Ta BUAAJIECHHS YaCTUHU TOJIOBHUX JTOMIIIOK B CEmaparopi
Opaxku. BUKIIOUUTH MOXKIMBICTh TOMAJaHHS YAaCTHHOK OpakKH B Opa)KHUU
migirpiBad abo aeduermarop. s 1p0r0 30LIBIIMTH YHUCIO «CYXHX Tapijlok» B
KOHIICHTpAIIHHIA YacTHHI KOJOHM 10 5-8. a YacTHHYy OpaxXHOTO IUCTUIIATY
MoJaBaTH Ha BEPXHIO TapUIKy KOJOHHU. [Ipu 1mpomy 301IBIIYETHCS MILHICTH
JTUCTUIIATY Ta MIiABUIILYETHCS €(PEKTUBHICTh BUIAJICHHS TOJIOBHHX JOMIIIOK B
SIMIOpaIliitHINA KOJIOHI ITiJT Yac iX T1IpOCeIeKIii.

2. 301IBIIATH KUIBKICTh TaplIOK B emopariiiHiii kojoHi a0 60 mmr. s
MPOBEICHHS T1APOCENEKIlii BUKOPUCTATH KOHJICHCAT NapH, AKUK HE MICTUTh COJIeH
KOPCTKOCTI.

3. 301IbIIMTH 30HY MacTepu3anii B peKTU(IKAIIHHIA KOJOH1 HOHAWMEHIIEe
70 15 Tapinok 3a paxyHOK BCTaHOBJIEHHS JJOJIATKOBUX TapLIOK.

4. BKIIIOUUTH B cXeMy OparopektudikaiiifHoi yCTaHOBKU KOJIOHY KiHIIEBOTO
OuuIIeHHs. 3a0e3ne4nT poOOTYy KOJOHHU B PEKMMI MOBTOPHOI €MIOpallii.

5. 3abe3neunTH 3aKpUTUH OOIrPIB KOJOHHOTO OOJaAHAHHS 3 METOI0
BUKITIOUEHHS TIONAJaHHs B TOTOBUH MPOAYKT JOMIIIIOK Pa3oM 3 TPiI0UO0I0 Taporo.

6. Ctabuni3yBaT piIMHHI MOTOKU HNUITXOM TU(EpeHIIHOBaHOI Mogadl BOAU
Ha OXOJIOJDKEHHS KOHJEHCATOPIB 1 jAederMaropiB, a TaKoXX BCTAHOBJICHHS
MPOMIKHHUX 301pHUKIB Opa)KHOTO AUCTHIIATY 1 €MIOpaTy.

7. 3abe3rneyuTd BIAMNOBIIHUNA KOHTPOJIb Ta €(EeKTUBHE PEryIOBaHHS
TEXHOJIOTIYHUX TMapamMeTpiB poOOTH OparopekTu(IKaliiHOI yCTAHOBKU Yy
aBTOMAaTU30BAHOMY PEXKHUMI.

8. Jlmst miABUIIIEHHST KPATHOCTI BUJTYYEHHSI OPTaHIYHUX JAOMIIIOK 1 CTYTIEHIO
OUHUIICHHS CIUPTY 3aBASKH IMOJOBXKCHHIO Yacy KOHTAKTy IMapy 1 piAWHM Ha
TapijKax KOJIOH BUKOPUCTOBYBATH MacOOOMIHHI KOJIOHHI armapaTy MUKIIYHOT ii.

9. 3abe3neunTH CBO€YACHE TMEpPIOAMYHE MUTTI 1 Je31HGEKINo
TEXHOJIOTTYHOTO OOJIaIHAHHS: BCTAHOBUTHU 301pHUKHU ISl IPUTOTYBAHHS PO3YMHIB
KayCTUYHOI COAM, KUCIOTH, (popmaniHy abo 1HIIMX MHIOUYHUX 3aC00iB, 3’€THAHUX

TpyOOmpoBogaMu 3 TPYOHUM 1 MDKTPYOHHMM MpPOCTOpPaMH TEMIO0OMIHHOTO
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oOnagHaHHSA 1 BEPXHIMH YaCTHHAMHU KOJIOH, IS 3AIMCHEHHS 1X MMPKYJAII 3a

JIOTIOMOT OO BIJIIIEHTPOBUX HACOCIB.
BucHoBku. 3amponoHOBaHI TEXHOJOTIYHI PIMIEHHS, IO JO3BOJIIOTH
OTpUMATH PEKTU(IKOBAHUN CHUPT, KU BIAMOBIAA€ HOPMATUBHUM MOKA3HUKAM

JACTY 4221:2003, 3a yMOBHU NIepepOOKH HEKOHIUIIHHOT CUPOBUHH.
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V]IK 663.551

THHOBAIIIMHA TEXHOJIOI'ISI BAKYYMHOI IEPETOHKH 13
SBEPEXEHHAM KUTTEAIAJIBHOCTI APIXK/IKIB

K.T.H., norieHT bymiit }0.B. k.1.H., nontent Kapmyrina M. B.
HauionanbHuUil yHiBepcHUTET Xap4y0BHUX TeXHOJIOTiH, M. KuiB, YKkpaina
1.T.H., ¢.H.c O60om0Bua O.M., k.T.H. Cugopenko B.B., Xomenko B.A.

IncruryT TexniyHoi remiogizuku, M. Kuis, Ykpaina

AHoTauniss: [lpeocmasneno pezyromamu  6aKYYMHOI  Oucmunayii  3a
BUSHAYEHUX MEXHOJIO2IUHUX napamempie pobomu OpaxicHoi KoloHu. Busnauero,
Wo 6 OpadsCHili KOJOHI NPU3YNUHAEMbCA HOB0YMBOPEHHS OOMIUOK, 8 OPANCHOMY
oucCmuIsAmi 3MEHUYEMbCSA BMICI OPSAHIYHUX OOMIULOK CRUPMY, 8 NICAACNUPMOBI
bapoi 30epicaromvbcsi YIHHI  AMIHOKUCIOMU [ GIMAMIHU, MA 3ATULUAIOMbCS
CHCUBUMUY OPIHCOIACI.

Kuawuosi caosa: BbPAXKA, JIUCTWIALIA, APDKIDKI, BPAXHA
KOJIOHA, BAKYYM

Abstract: the results of vacuum distillation according to certain
technological parameters of the malt column are presented. it was determined that
the formation of impurities in the mash column is suspended, the content of
organic alcohol impurities in the malt distillate is reduced, valuable amino acids
and vitamins are stored in the post-alcoholic bard, and yeast remains "alive".

Keywords: BREWING, DISTILLATION, YEAST, MASH COLUMN,
VACUUM.

Berym. [IpoBeaeHHs eperoHky 1 AUCTHIIAIIT OpaKK B OpaskHiM KOJIOHI ITi]T

BaKyyMOM JI03BOJISIE OTpUMATH XJIIOOMEKapChKl IPLKIKI 13 Oapau, OpakHHi
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JUCTUIIST 3 MEHIIUM BMICTOM JOMINIOK, MIABUIIUTH SKICTh CIIUPTY 1 KOPMOBY
I[IHHICTBH OapIu.

Martepianu 1 Mmetonu. O0’€KT NOCHIKEHb — Opa)kHa KOJIOHA IUKIIYHOT
nii. Mertogu  mOCHiDKEHb —  AHANITHYHI, XiMi4HI, (I3UKO-XIMIUHI Ta
xpomatorpadiuni. Po3pimkeHHs y BepxXHIH 1 HIKHIX YacTHHAX KOJIOHU
BUMIPIOBAJIM MAaHOBaKyyMETPOM.

Pesynpratu. JlocmipkeHHsST €(QEKTHMBHOCTI MPOIECY IEPEeroHKH 1
TUCTWIIALIT Opakku mix BakyymMoM mnpoBoaunuch bapannesum B.I. Byno
BCTAHOBJIEHO, IO IMIJ 4YaCc NEPEroHKH Opa)KKM BIACOTOK MEPTBUX IPLKIKOBUX
KIITUH B Oapai 30UIbIIYETHCS HE3HAYHO, a TMIIHOMHA Ccujla JAPDKIDKIB He
3MeHIIyeThes. lle pano miacTaBy NpPUITYCTUTH, IO MEpPEroHka OpakKH i
BaKyyMOM JIO3BOJIUTh BUJIUISATH XJ11I00NEKAPCHKI APIKIKI 13 Oap/u.

BimoMo, 1m0 ONTHMaJbHOK IS JKUTTEMISIILHOCTI JIPLKIKIB €
temneparypa 27-33 °C. Ilpu temmepatypi 45-50 °C apixmKi TpPUNUHSIOTH
JKUTTEISUILHICTD.

Metoto poOoTu Oyi0 BCTAHOBJICHHS ONTUMAJIBHUX TEXHOJIOTTYHUX
napameTpiB poOOTH OpakHOiI KOJIOHH, 3a SKHX JPIKIKI 30epiraroTh CBOIO
JKUTTEISUIBHICTD.

JInst BUpIlIEHHS TOCTaBJIEHOI 3ajadi y BUpPOOHMYUX ymoBax MIIJ]
«CTopoHn0abChKUN CHOUPTOBUN 3aBOJ» OyJia 3MOHTOBaHA EKCIIEPUMEHTaIbHA
OpakHa KOJIOHA LMKJIIYHOI Jli, OCHAIllEHAa JTyCKaTUMU MPOBATBHUMU TapillIKaMHu.
XapakTepucTuku KoysoHH: niametp — 300 MM; KUIBKICTh Tapiiok — 24; BIJICTaHb
MDK Tapinkamu — 400 MM; moniepevyHuil epepiz oTBOpPiB JIycok — 51,4 MM; KuBUA
nepepi3 Kojgouu — 2,6 %. B OpakHiil KOJIOHI pO3pIIHKEHHS] CTBOPIOBAJIOCH BAKyyM-
HacocoM. OOIrpiB KOJOHW 3MIMCHIOBATM 3aKpPUTUM CIIOCOOOM BTOPHHHOIO
CIUPTOBOIO Tapor0 pekTudIKariifHoi KOJIOHM, [ig sKOi BimOyBajacs 3a
HAQ/JTMIIIKOBOTO THCKY, @ BTOPHMHHA Tapa HAJAXOAWJa B KHIT ATUIBHHK OpakHOT
KOJIOHH.

XpomatorpadgiyHi aHami3u JAOCHIAHMX MpoO TMoKa3aid, WO 13
30UTBIIEHHSIM CTYINEHIO PO3PILKEHHS 1 3MEHIIEHHS TEeMIEpaTypu IEepEeroHKu
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OpaXKu B KOJIOHI TPHU3YNUHAIOTHCS HOBOYTBOPEHHS JOMIIIOK, y TOMY YHCIHI
CKJIQJIHUX €CTEPIB, K YTBOPIOIOTHCS IPH B3a€EMOIi KHUCIOT 1 CIHMPTIB (peakiii
eTepudikairii), B OpaXKHOMY AUCTHIISITI 3MEHITYETHCSI BMICT OPTaHIYHUX JTOMIIITOK
CIUPTY, B MICISCOUPTOBIM Oapai 30epiraroThbCsl IMIHHI aMIHOKUCIOTH 1 BiTaMiHH,
[0 B 3HAYHIM Mipl IOKpallye KOPMOBY IIIHHICTh Oapau, Ta 3aJUIIaloThCs
(OKUBUMI» JPLKIKI. BumaineHHs ApiXIKIB B MpOLECi cemapyBaHHsS Oapau, a He
OpaXXKu, 03BOJISIE 3MEHIIUTH BTPATH €TUJIOBOro crupTy. Kpim Toro, TexHiuHe
pIIICHHS J103BOJISIE 3MEHIIUTH BUTPATH TPit0Y0i Mapu 3aBAsKU 00IrpiBy OpakHOI
KOJIOHM BTOPUMHHOK TMaporo pekTudikamiiHoi konoHu. Ilig yac pobGotu
KUIT ATWJIbHUKA OpakHOi KOJIOHM 32 HHU3bKUX TEMIEpaTyp BHUKIIOYAETHCA
3aropaHHs TIpiroyuX TPyOOK. VYCTaHOBKAa KWIT SITUWIBHUKA JIa€ MOKJIUBICTh
MOBEPTATH KOHJIEHCAT Mapy B KOTEJIbHIO JJIsi HOBTOPHOI'O BUKOPUCTAHHS.

[IpakTuuHO JOBEACHO, IO I peaiizaiii 1HHOBALIMHOTO CHoco0y B
HWKHIN 9acTHH1 Opa)XHOI1 KOJIOHW PO3PIKEHHS MOBUHHO CTaHOBUTHU 695 MM. pT.
cT. (93 klla), y BepxHi# ii wactuni 710 mMm. pT. cT. (95 klla). 3a Takux mapameTpis
TeMmrepaTypa B HUXKHIM 4acTUHI KOJIOHU cTaHOBUTH 38 °C, y BepxHill ii yacTuHi 28
°C.

BucHoBku. BcTaHoBjI€HI ONTHMAaNIBHI TEXHOJIOTIYHI MapaMeTpu pOOOTH
Opa)XHOT KOJIOHM, 3a SKUX XJIOOMeKapchKl APLKIKI 30epiraloTb  CBOIO
KUTTEASUTBHICTE. OOTpyHTOBAHO MepeBaru crnocody OTpUMaHHS XJ1100TEeKapChKUX
JPIKIKIB 13 Oapau.
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IncTuTyT Texniynoi Tensopizukn HAH Ykpainn

AHOTAIIA: Hasgeoeno pesynomamu 021510y, Wo0O NepcneKmu8HoCmi
3acmocysants 8 YKpaini 20103epHo20 6ieca y 8UPOOHUYMBE OIEMUYHUX NPOOYKMIE,
wo He micmamo enomeH. OOIPYHMOBAHO OOYLIbHICMb NPOBEOEHHS O0CHIONCEHb
CNPAMOBAHUX HA NOUWLYK ONMUMANbHUX PENCUMIB 00pOOKU 20103epHO2O 8i8ca O
HACMYNHO20 HAOAHHS pPeKOMeHOayilli nepepoOHUM NIONPUEMCMBAM XAP4080i
NPOMUCTIOBOCTNI.

Karouosi cioBa: TOJIO3EPHUI OBEC, IJTFOTEH.

ABSTRACT: The article describes the prospects for the use of naked oats in
Ukraine in the production of dietary products that do not contain gluten. The
necessity of conducting research on the choice of optimal processing regimes is
substantiated. The result should be the provision of recommendations to food
enterprises.

Key words: NAKED OATS, GLUTEN.

OcTaHHI POKM B CBITI CIIOCTEPIra€ThbCA CTIMKE 3POCTAHHS IMOMUTY HA
MPOJYKTH OCHOBY SIKMX CKJIQJa€ TOJI03epHUI oBec. Takuil IHTEpEeC MOSCHIOETHCS
BIJICYTHICTIO y HOro ckjiajl OUIKy TIFOTEeHY, 110 OCOOJMBO BAXKJIUBO JIJIsl JIFOJEH
HECITPOMOKHUX HOTO 3aCBOIOBATH, a Iie nmpubnu3Ho 1% HacenenHs mimaHetu [1].
Cepen HaiiOlIbII 3aTpeOyBaHUX MPOAYKTIB: BIBCSHE MOJOKO, BIBCSHI Hamoi 3
JI0JIaBaHHSIM PI3HOMaHITHUX (PPYKTOBUX J00ABOK, BEPLIKHU, OATOHUYMUKH, TUIACTIBII,
ne4ynBo, cyporatr kaBu. OKpiM BIJCYTHOCTI TJIIOTEHY, TOJIO3EPHUN OBEC I[IHHUI
nigBuiieHuM BmictoM Ounky (14,3-19,5%), nns moOpiBHSHHS 3BUYAHUN OBeEC
MictuTh 12,4-16,0%, a TakoX BHCOKMM BMIcTOM KJiTKOBUHU (11%), xupis
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(4,67%) 1 30amancoBaHUM BiTaMiHHUM ckianoM [2]. Cepen mepeBar maHoro BUIY
3¢pHa TaKOX BIJICYTHICTh 30BHIIIHLOI OOOJOHKHM Ta XapaKTEPHHX BOJIOCKIB,
HASIBHICTD SIKUX y TPAIUIIHHOMY COPTI BiBCa 3HMXKYE B MPOLIECI MEPEPOOKU BUXI[
TOTOBOTO MPOAYKTY 110 53%.

Tomy 3amiHa B TEXHOJIOT1SIX BUPOOHUIITBA 3BUYANHOIO BiBCA HA FOJIO3EPHUMN
JI03BOJIUTH: BHUKJIIOYUTH 3 TEXHOJOTIYHOTO TMPOIECY CTaHll0 OYMILIEHHS BiJ
000JIOHOK, CKOPOTUTH 32 PaxyHOK IIbOIO BTpPaTH TOTOBOrO MpoAyKTy Ha 53%,
3MEHIIUTH EHEPrOBUTpaTH, dYac OOpoOKM Ta OTpUMYBaTH B MIACYMKY
BHUCOKOSIKICHUY 30aJlaHCOBaHUM J1€TUYHUN MTPOAYKT O€3 IIIIOTEHY.

Opnak, mporpu BCl MepeBard BITYM3HAHUM PUHOK MPOJYKTIB Ha OCHOBI
roJI03epHOro 3epHa Jayke oOMexxeHui 1 85% Bpokar0 HUHI EKCIOPTYETHCS B 1HIII
Kkpainu. CKJIaHICTh MOSICHIOETHCSI HEOOX1IHICTIO MepeOynoBU Ta MepeopieHTalll
TEXHOJIOT1YHHUX JIHIN MepepoOKH TPaIULIMHOTO COPTY BiBCa Ha rOJIO3EPHUN uepe3
3HAYHY BIAMIHHICTh QHATOMIYHOI 1 MOP(OJIOTiuHOI OyA0BH JIaHoro coptry. Kpim
IIbOT'0, Ha ChOTOJIHINIHIN JIeHb BIJACYTHI peKOMEHAAIli Ta JITepaTypHi JIaHi 11010
pPEXKUMHUX MapamMeTpiB 0OpOOKH Ta 0COOJIMBOCTEN BEAEHHS Mpouecy. Y 3B S3KYy 3
UM, aKTyaJbHHM 3aBJaHHSM CTaJI0 MPOBEACHHS AOCTIKEHb IOA0 TMONIIYKY 1
BHOOPY PEKUMIB BEJICHHS IPOIECy OOPOOKH TOJIO3EPHOrO BIBCa Ta ONMTHUMI3aIlii
poOOTH ICHYIOUOTO BHUPOOHUITBA. 3apa3 I1HCTUTYTOM TEXHIYHOI TEMI0(PI3UKU
HAHY posnouaro nOCHIIKEHHS y JTaHOMY HampsMKy. 30Kpema, Mo Miadopy
peXUMIB OOpOOKHM TOJO3EpHOrO BiBCAa 3 METO HAJAHHS B TMOJAJBIIOMY
pPEKOMEH Al AT Xap4uoBOi MPOMHUCIOBOCTI.

Ilepesik mocujianb:

1. https://www.vz.kiev.ua/neperenosymist-glyutenu-bez-tseliakiyi-yak-

diagnostuvaty-i-likuvaty

2. https://www.zerno-ua.com/journals/2012/noyabr-2012-god/golozernyy-oves
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V]IK 66.061:621.693.3
INVESTIGATION OF CAVITATION EFFECT ON THE
EXTRACTION PROCESS IN COMBINED HYDRODYNAMIC DEVICES
Ph.D., Senior Research Scientist Tselen B. Ya.%, Doctor of Technical
Sciences, Professor Ivanytskyi G. K.2, Ph. D., Senior Research Scientist
Radchenko N. L.}, Ph.D. Gozhenko L. P.
! Institute of Engineering Thermophysics of
National Academy of Sciences of Ukraine
2 National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

Abstract. The intensification of the extraction process by the enhanced
influence of cavitation mechanisms on the treated medium is substantiated. A
combined hydrodynamic device is presented, which provides amplification of
cavitation effects in the pulsation-type cavitation reactor.

Key words: EXTRACTION, CAVITATION MECHANISMS, PULSATION
TYPE CAVITATION REACTOR.

JOCJIKEHHS KABITAIIIMHOT O BIIIMBY HA ITPOIEC
EKCTPAKIIII BKOMBIHOBAHUX I'I/IPOAUHAMIYHUX
HPUCTPOSAX

np.u.c., k.T.H. Lenens b. 4.1, npod., a.1.1. IBannupskuii I'. K.2,
C.H.C., K.T.H. Paguenxo H. JI.}, c.u.c., k.T.H. [oxenxo JI. I1.}
! IncruryT Texniunoi remnogpizuxkn HAH Ykpainu
> HamionaabHuii TexHiunuii ynisepcurer Ykpainn « KuiBcbkuii
noJiitexHiyHuii iHcTHTYT» iM. Iropst Cikopcbkoro
Anomayia. Ob6rpynmoeano  inmencugikayito  npoyecy — excmpaxyii
HOCUIEHUM BNIUBOM KABIMAYIUHUX MeXaHismie Ha o00pobosane cepedosuuye.
Ilpeocmasneno KombOiHOBaHUU 2IOPOOUHAMIYHULL NpUCMPIl, wo 3abe3nevye
NOCUNIeHHSl KABIMAYIUHUX egexkmis y KasimayiuHoMy peaxmopi nyibCayitiHoeo
muny.
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KmouoBi cimoBa: EKCTPAKLIS, KABITALUMHI MEXAHI3MU,
KABITALIIMHUM PEAKTOP ITYJIbCALIIMHOI'O TUITY.

The process of extraction of target substances occupies a defining stage in
the technological lines of obtaining quality products for the complexes of the
pharmaceutical, food and chemical industries.

To solve the problems of research of the extraction process: increase of
energy efficiency of the equipment and increase of an output of target components,
modernization of the cavitation reactor of pulsation type is made. The developed
design of the apparatus provides the extraction process with enhanced effects of
cavitation mechanisms on the treated medium at the same technological parameters
that are defined for the apparatus of the pulsation type [1]. The increase of
cavitation influence on the treated medium occurs under the condition of aggregate
powerful dynamic effects in the Venture nozzle of a certain geometry and the
working chamber [2]. The fluid flow in the combined pipe more intensively
reaches periodically variable velocities, which leads to periodic pressure changes
and the emergence of more powerful cavitation effects, which in turn intensifies
the convective transfer of target substances at the micro and nanoscale.

Mathematical modeling of hydrodynamic processes in a cavitation reactor
[3] is performed, which allows optimized control of technological parameters and
modes of extraction of target components. The parameters of initiation of
cavitation cluster in the node of amplification of hydrodynamic processes for
fixing the visual vision of the influence of pressure pulses during raw material
processing and optimization of extraction of target components are determined.

The increase in the intensity of heat and mass transfer in the developed
combined hydrodynamic device is due to the occurrence of abrupt changes in the
volume of the non-stationary hydrodynamic state, while the system has high-
frequency oscillations that differ from oscillations caused by changes in fluid

volume. Moreover, these oscillations are not absorbed by the continuous medium,
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but are dissipated on the interfacial surface, causing a prolonged increase in heat

and mass transfer.
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V]IK 628.161
TEIVIOMACOOBMIHHE OBJAJTHAHHS 1151 CTBOPEHHS MIKPO
BYJILbBAIIIKOBOT' O T'A30PIIMHHOIO CEPEJIOBHIIIA B
TEXHOJIOTTi BUJAJIEHHS JKOPCTKOCTI BOJIN

I-p TeXH. HayK, c.H.c. O6om0Buu O.M., kaHa. TexH. Hayk Jlumap A.1O.,
A3zapos C.II.

IncTuTyT TexHiunoi Tenopizukn HAH Ykpainn

AHoTtanisi: CmeopenHs MikpoOy1b0auKOBUX 2A30PIOUHHUX CepedosUlly €
NepPCneKMUBHUM CHOCOOOM THMEeHCUDIKayii MmexHoN02IUHUX npoyecis, 30Kpema 8
mexnonozii eoooniocomosxku. Po3zpobaeno enepeoeghexmusne meniomacooominue
00/1a0HaHHS 051 CMBOPEHHS MIKPOOYIbOAUIKOBUX 2A30PIOUHHUX CepedosUlly 8
MexHOoN02ll OUUUeHHs 800U OJisl BUOANIEHHS 3ai3A, MAPSAHYIO, NOM SKULEHHS 800U
mouwjo.

Kuarwuosi cioBa: BOJIOIIIAI'OTOBKA, )KOPCTKICTb, TASOPIIMHHE
CEPEJIOBUIIE, BYJIbBAIIIKM, ObJIAJJTHAHHA

Abstract: The creation of microbubble gas-liquid media is a promising way
to intensify technological processes, in particular in water treatment technology.
Energy-efficient heat and mass transfer equipment has been developed to create
microbubble gas-liquid media in water treatment technology to remove iron,
manganese, water softener, etc.

Keywords: WATER TREATMENT, HARDNESS OF WATER, GAS-
LIQUID MEDIA, BUBBLES, EQUIPMENT

XKopctkicTe Boau - 3araimbHa mpoOiieMa JUisi MYHIITUNATBHUX CHCTEM
BOJIOTIOCTa4YaHHs, MPOMUCIOBUX MIJAMPUEMCTB 1 TEIJIOBUX CTaHIIIN, 0COOJIHUBO TaM,
7€ s TOCHOJAPChKO-IMTHOTO BOJOIMOCTaYaHHS BUKOPHUCTOBYIOTH MiJ3€MHI Ta
IPYHTOBI BOJAM. [OHM KasbIlil0 1 MarHiro, M0 3YMOBIIIOIOTH >KOPCTKICTh BO/JIH,
YTBOPIOIOTh MAJIOPO3UYMHHI CHOJYKH, [0 1HKPYCTYIOTh MOBEPXHI TEMIOOOMIHHUX
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amapartiB, TEIUIOEHEPreTHYHUX YCTAaHOBOK, TpyOompoBoniB. Lle mpu3Boauth 110
pI3KOTO 3HUKEHHS €(PEKTUBHOCTI iX pOOOTH, MEPEeBUTPATH MallUBa, YACTHX
3YIUHOK I YMINeHHA. /(711 BUKOpPUCTaHHS TaKUX MIJ36MHHX BOJ B MHUTHHX 1
TEXHIYHUX MLIISX HEOOXITHO 3aCTOCYBaHHS BOJOIIATOTOBKM 3 OOOB'SI3KOBOIO
CTaI1€10 TIOM'SIKILIEHHS BOJTH.

JUis 3HMDKEHHST AKOPCTKOCTI BOJU BUKOPHUCTOBYIOTH TaKi METOJHU: TEPMIUHI,
peareHTHi, I0HHUM 0OMiH, MEMOpaHH1, MarHiTHy 00poOKy 1 KOMOIHOBAHI.

Ile mMeTroam MarOTh pS HEIOJIKIB, TOB'S3aHMX 3 BEJIHWKOK BUTPATOIO
peareHTiB, HEOOX1THICTIO MTONEPEAHBOI MIAITOTOBKHU BOAH, OOPOOKOIO CTIUHHMX BOJI 1
CKJIAQJHICTIO 3 iX CKHUJaHHAM. HasBHICTh IUX HENOMIKIB MPU3BOJIUTH JI0 TMOIIYKY
HOBUX TEXHOJIOTTYHMX PIIIEHb IJIs1 IHTEHCU(DIKaIli MPOLIeCY 3HUKEHHSI ) KOPCTKOCTI
Boau. Hapasi po3BuBaIOThCS KOMOIHOBaHI TEXHOJIOTIT BOJOIIITOTOBKH, IO
MOETHYIOTh «KJIACUYH1» MPOIECH 3 DI3UIHUMMU.

Bigomo, 1m0 mnepcrnekTUBHUM CIOCOOOM 1HTEHCH(IKaIll TEXHOJIOTTYHUX
MPOLIECIB € 301IBIICHHS CTYIEHS AUCTIEPCHOCTI B3a€EMOJIIIOYMX CUCTEM 1 MOBEPXHI
KOHTaKTy (pa3. OgHUM 3 pilleHb, AK€ MOKHA BUKOPUCTOBYBATH JUIsl II€1 METH, €
CTBOPEHHSI MiKpOOyJIbOAIIKOBUX ra30piIMHHKUX cepenoBuil [1, 2].

MikpoOynp0amkoBi  ra3opiiMHHI  CEepPEJOBHINA  3aCTOCOBYIOTHCS IS
1HTeHCU(DIKALli TEeXHOJOTTYHUX MPOLECIB B XIMIUHIA, METAIypriiiHIi, Xap4oBii,
MIKpOOIOJIOTIUHIM ~ MPOMMCIOBOCTI, TMPOTe€ B  JaHUW 4Yac HE  ICHYE
eHeproe()eKTUBHOrO  OONaJHAHHA Uil  OTPUMAaHHSA  MIKpOOYJIhOAIIKOBUX
ra30piIMHAUX CEPEIOBUIIT I 3aCTOCYBAHHS B TEXHOJIOT11 BOIOIIATOTOBKH.

Mertorwo pobGoTu € po3podka eHeproeeKTUBHOTO TEIJIOMACOOOMIHHOTO
oOJilalHaHHs JUIs CTBOPEHHS MIKpOOYJIbOAIIKOBUX Ta30PIAUHHUX CEPEIIOBUIN B
TEXHOJIOT1i OYUIIICHHS BOJIH.

JIst TOCSITHEHHSI TIOCTAaBJICHOI METH B [HCTHTYTI TEXHIYHOT TerIo(i3uKu
HAH Vkpainu Oyno cTtBOopeHO e(EeKTHBHY TEIUIOMacoOOMIHY —aepaliifHo-
OKHUCITIOBAJIbHY YCTAHOBKY POTOPHOTO THITY. Y CTaHOBKAa BUKOPUCTOBYETHCS JIJIS
OUMILICHHS BOJM BiJ 3aii3a, Maprasijlo, CIpKOBOJHIO, KapOOH IIOKCHUIY,
KoperyBaHHs 3HaueHHs PH y BianoBigHocTi 10 Canllin 2.2.4 — 171-10 *T'irieHiuni
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BUMOTH 110 BOJAM NUTHOI, IPU3HAYEHOI 0 CIIOXUBaHHA JroAuHOW . IlepeBaramu

YCTAHOBKH € T, IO IIBHIKICTh PO3UYMHCHHS KUCHIO B MOPIBHSAHHI 3 ICHYIOYHMH
acpalliiHUMU  TIPUCTPOSIMH ~ 30UTBIIYEThC B 3-4  pasd, EHEProBUTPATH
3sMmeHIyoTbes Ha 30-35%, cobiBapTicTh Ha 20-25 % (Tabm. 1).

Ta6mui 1 Tloka3HUKM SKOCTI apTe31aHChKO1 BOIM JIO 1 MICJIS OYUIIIEHHS

[Toka3HuK SIKOCTI BOAHU Fe, Mn, 3aranbHa KOPCTKICT, pH
MT/J1 MT/J1 MT-€KB/JT
Jlo ounIeHHsS 5,2 0,37 7,5 6,0
[Ticns ounieHHs 0,17 0,05 0,5 7,2
I'’IK nns Ykpaian 0,3 0,1 1,0 6,5-8,5
I'’IK s €C 0,2 0,05 1,0 6,5-8,5
BucHoBku.

Po3pob6iiena ycraHoBKa MOKe €()EKTUBHO BUKOPUCTOBYBATUCH B TEXHOJIOTI]
BOJOMIJITOTOBKM HE TUIBKU JJIA MOM'SKIIEHHS BOJM aji€ PEryJioBaHHsS BMICTY

IHIIUX TTOKA3HUKIB 11 IKOCTI.

IlepeJik mocujianb:

1. bomensTos b.B. I'mopoannamuka MUKPONY3bIPbKOBBIX
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2. BbomrenstoB b.B. O nepcnekTuBax NpUMEHEHUSI MUKPOTTY3bIPbKOBBIX
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Ipunoocenue. 2005. T. 48, Ne 11. C. 49-54.
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YK 662.66; 662.75
3ACTOCYBAHHSA CHOCORBY JIBE JJI51 IHTEHCU®IKAILIIL
MNPOLECY OTPUMAHHS BOJOBYTI'IBHOI CYCHEH3II

roJi. rexuosor [lenkin B.1., p.H.c., k.1.H. [{enens b.41., np.H.C., A.T.H.
IBanumpkuii I'.K., ¢.H.c., k.T.H. Paguenko H.JI., c.H.c. 'aptRir A.IlL.
IncTuTyT Texniynoi Tensopizukn HAH Ykpainn

AHoTanis: Hasedeni pesynomamu 00CnioxcenHs inmeHcugixayii npoyecy
ompumanus  60008yeinbHoi  cycnensii (BBC) 3 6uxopucmanHAM NPUHYUNY
OUCKpemHO-IMnYIbCcHO20 66edenHs enepeii ([{IBE). [locnioxceni peonoeiumi
Xapakxmepucmuky, ceOuMeHmayiuna cmitikicmo, epavyiromempudnui ckiao BBC.
Pezynomamu moorcyms 6ymu euxopucmanui 015 npaxmuyHoi peanizayii npuHyuny
HIBE npu po3pobyi eciopoounamiunozo 3miuiysaua ons npuecomyeantus BBC 3
RIOBUUEHOI0 NUMOMOIO NPOOYKMUBHICMIO [ 3HUNCEHUX eHepeosumpamax.

Kurouosi cJI0Ba: [TPUHILINII JUCKPETHO-IMITYJIbCHOTI'O
BBEJEHHS EHEPTII (IIBE), BOOJOBYI'JIbHA CYCIIEH3IS, PEOJIOT'TYHI
XAPAKTEPUCTHUKN, CEJUMEHTALIIHA CTIMKICTb,
I'PAHYJIOMETPUYHUI CKJIAJL.

Abstract: The results of the study of the intensification of the process of
obtaining a water-coal suspension (WCS) using the principle of discrete-pulsed
energy input (DPEI) are presented. The rheological characteristics, sedimentation
stability, particle size distribution of the WCS were studied. The results can be
used for the practical implementation of the DPEI principle in the development of
a hydrodynamic mixer for the preparation of the WCS with increased specific
productivity and reduced energy consumption.

Keywords: PRINCIPLE OF DISCRETE-PULSE ENERGY INPUT (DPEI),
WATER-COAL SUSPENSION, RHEOLOGICAL CHARACTERISTICS,
SEDIMENTATION STABILITY, GRANULOMETRIC COMPOSITION.

[TpuroryBanus BBC 3 3a1annMu BJIaCTUBOCTSIMU € TEXHOJIOTIYHOIO 33JaU€H0
BUPILIEHHS SIKOT 3aJIeKUTh BiJ CHOCOOIB MIATOTOBKM AUCHEPCHOI (a3u 1
PIBHOMIPHOTO PO3MOJITY i B JAUCHEPCIHHOMY CEpEelOBHILI 3a JOMNOMOTOIO
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3MINIYBAJIBHUX  amapariB. BUKOpHCTaHHS  BHCOKOE(EKTHBHHX  CIOCOOIB
npurotyBanHss BBC (BiOpamiiinuii, ynbTpa3ByKOBUM, TIAPOAMHAMIYHUN Ta 1H.)
M0Ka3aj0 MOXKJIMBICTh CIPOIIEHHS Ta I1HTeHCcHiKalii MpoieciB MOoApiOHEHHS
CYXOro YH BOJIOTOI'O BYTiJUIA 3 KaTaji3aTopoM 4Yu 0e3 HhOro J0 PO3MipiB 3epeH
menme 0,03 MM, MacoBoro KoHIeHTpaliero 60+70%, 3mimryBaHHS HOTO 3
JTUCTIEPCIHHUM CEpEZIOBUILEM, TMOJIMIINTH CTPYKTYpHO-MEXaHIYHI, MEXaHiKo-
xiMiyHl Ta (i3uKo-XiMiyHi BiactuBocTi oTpuMmanux BBC 1 mnpoaykrtiB ix
nepepoOku. OpHak, A7 AOAATKOBOI 1HTEHCHIKalii Mpolecy IuUCIepryBaHHsS
JOIIIpHO BUKOpucTatu cnoci6 JIBE, mio iHimitoe riipoanHaMivyHI MPOILIECH Ha
SAKICHO BHIIIOMY pIBHI BKJIIOYAIOYM Takl TOTYXHI MEXaHi3MH, SK MpolLecH
KaBiTalli, yapHl XBWJI, YJAbTPa3BYKOBI KOJIMBaHHA, MIXK(]a3oBy TypOymi3aiio Ta
1HIIT MexaHi3Mu. OgHUM 31 croco0iB TeHepallli IMITYJIbCIB €HEPrii € KaBiTalliiHi
naporasoBi OyJIbOaIIKH.

JlocmipkeHHsT TOPOBOAWJIM  HAa  TIAPOJMHAMIYHOMY  3MillyBadl, W10
CKJIQJAEThCSl 3 TMPOTOYHOI YaCTHHH, BIOpOdUIbTpa, €NEeKTPOJABUTYHA, BEHTWJIS,
€MHOCTI1, CUCTEMHU PELUPKYJIALIL 1 KyJboBOro MinHa. [IpoTouHa yacThHa, B CBOIO
4yepry, CKJIaIaeThcsi 3 KOH(y30pa 3’€IHAHOr0 mNaTpyOkom 3 BiOpodiIbTpOM,
rOpJOBHHM, Iu(dy30pa NPHUETHAHOTO MNATPYOKOM 10 €MHOCTI, TypOyiizaTopa
BCTAHOBJICHOTO B TOPJIOBUHI 1 3’€JJHAHOTO 3 BaJIOM eJieKTpoaBuryHa. TypOymizarop
3a0e3neuye nepekadyyBaHHs CYCIIeH311 Ta yTBOPEHHS Ha JIONATAX KaBiTallii.

JIis  eKCIepuMEeHTY BHKOPUCTOBYBaiM Byrimwis wMapkua [, Bogy 3
rocrnoJIapyo-MUTHOTO BOJOMPOBOAY 1 TypOymizatrop 3 jAiamerpoMm 48 MM.
Otpumanns BBC ckiaganocs 3 HACTYIMHUX OIepaliii: aeMiHepanizaiii Byrijuis 3a
CTaHJAPTHOIO METOAMKOIO 1 HOTO ABOXCTAJIIMTHOTO BOJIOTOTO MOJAPIOHEHHS (Iepiia
cTallisg —OoApiOHEHHS BYT1UIA B KyJIbOBOMY MJIMHI 10 po3Mipy 4acTuHOK 0+4 MM
IpYU CIIBBIIHOIICHHI BYTUUIA : Boja = 54 : 46; nmpyra ctamis — MoApiOHEHHS
BYTULII B TIJPOJIMHAMIYHOMY 3MIIIyBayl JO Kjacy KpPYIMHOCTI YacCTHHOK
0+0,05 MM mpu criiBBiAHOIIIEHH] BYTULIs : Boga = 40 : 60.

ExcriepuMeHT TpOBOAMIM HACTYMHUM YHHOM. 3MIlllyBad 3allOBHIOBAIU
BBC macoBoro konnentpauieto Byriuia 40% 3 po3mipoMm udactuHok 0+4 MM B
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KiTbKocTi 12 mitpiB. Ilicias mOCSATHEHHA CTaOLIBHOTO PEXUMY Teuli CyCHeH3is
npoxojuiaa yepe3 BiOpoDUIBTp, /1€ OCaIKYBAIMCh 1 HAKOMMYYBAIMCh YAaCTHUHKU
Byriyuig po3Mipom 10 1,0 MmM. BMICT 94acTMHOK BYTULIS KJIaCy KPYMHOCTI MEHIIE
0,05 mm cknanas 40+55% micna 30 XBIWIMH nucniepryBaHHs. ByrinbHy CycreH3io
nicisg BiOpodiIbTpa M0BOAMIM 10 MacoBoi koHIeHTpallii 60+65% 1 momaBaiu B
3MIITyBay /Ui JUCTIEPTYBaHHS 1 TOMOTEHI3aIll]l MPOTITrOM 5 XBHIIUH.

CemumenTaniiiny criiikicte BBC BH3Hauanm mo BHCOTI MIapy OCaIKEHOI
aucrnepcHoi TBepAoi da3u 1 3MiHI TEXHOJIOTIYHUX XapaKTEPUCTHK 3 IUIMHOM Yacy.
Otpumani 3alexHOCTI moka3zanu cradubHicTh BBC mpotsrom  5+6  ni0.
['panynomerpuunuii ckinag BBC Bu3zHayamum MeTog0oM BOJOTOro (ppakiiioHyBaHHS
Ha cuTax cra"HgapTHuM MmetonoM. llpu 30 XBHIMHHOMY pO3METIOBaHHI
IpaHyJIOMETPUYHUNA CKJIaJl BYTULIS Kjacy KpymnHocTi yactuHok 0,05 MM ckianas
outbiie 55%. OTpumaHO 3alIeKHICTh CTPYKTYpHOi B’si3kocti BBC Big MacoBoi
KOHLEHTpalli  Byruuiss. BcTaHoBieHO, 1mO 3  POCTOM  JAHMCHEPCHOCTI,
FITPOCKOMIYHOCTI 1 IIIJIBHOCTI YHAKOBKM JucHepcHOi (a3u  30UIbIIYEThCS
CTPYKTypHa B’A3KICTb cycneHnsii. I[Ipu 30BHIIIHBOMY BIUIMBI Ha CYCHEH3I0
B1JIOYBA€ETHCS 30UIBIIEHHS YAaCTKU APIOHUX YaCTHMHOK 1 OKIIIO3is JIUCIEPCIHHOTO
CEpEIOBHIIIA, 110 CYIPOBOIKYETHCS 301IBIIICHHSIM B’ I3KOCTI CYCITCH3II.

Enepris, 1o BHBUIBHIOETBCA TiJ 4Yac imnyiabcHoro BmuBy J[IBE
BUKOPHUCTOBYETbCA HE JIMILIE [UIs JAUCIEpPryBaHHS BYTUUIs, a W CHPUYUHSE
M1JIBUIIICHHS BOJIHEBOTO MOKAa3HUKA JUCIIEPCiHOTO cepeaoBuiia a0 8,5+9,0, mio, B
CBOIO Yepry, NPU3BOJAUTH 0 BUIIIEHHS T'YMIHOBUX KHCJIOT, YTBOPEHHS T'YMITIB,
K1 3a0e3meuytoTh cTikicte BBC no po3miapoByBaHHs.

BucnoBku. Orpumano BBC 3 3aianiMu peosoTIYHUMU XapaKTePUCTUKAMH,
CeIMMEHTAIIHOI0 CTaTHYHOIO CTIWKICTIO MpOTAroM 5+6 116 6e3 3acTocyBaHHS
XIMIYHMX JIOMIIIOK, W0 3HA4YyHO CHpOIIye TexHoyoriio oTpuManHs BBC.
[TinTpumanns criiikocti BBC Oubll TpuBajauii yac MOXJIMBE 3 3aCTOCYBAHHSIM

XIMIYHUX TOMIIIOK 200 IEPI0IMIHOI0 HOTO PEIUPKYIISITIEI0 B EMHOCTI 30€piranHs.
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VJIK 532.5
XAPAKTEP TEYIi BOJJHOI CYCHEH3II COJIOMM NIIEHUYHOI B
POTOPHO-IYJIbCAIIIHHOMY ATIAPATI IPOTSTOM
JEJITHI®IKALIL B TEXHOJIOI'TI OTPUMAHHSI BIOETAHOJ1Y

I-p TeXH. HayK, c.H.c. O6omoBuu O.M., kaHa. TexH. HayK Cunoperko B.B.,
KaHa. TexH. Hayk JIumap A.1O., Xomenko B.O.

IncTuTyT TexHiunoi Tenopizukn HAH Ykpainn

AHoTanisi: [Ipogedeno uucenvHe MOOENO8AHHA PYXY B00HOI CYCheH3ii
COJIOMU NUEHUYHOI 8 pOOOYIli 30HI POMOPHO-NYIbCAYiliHO20 anapama. Buznaueni
nOJIsL WBUOKOCMI § pO3NOOIT HAOIUUKOBOT mMeMnepamypu.

Kmwouosi cioa: MOJIEJIIOBAHHSA, BIOMACA, TEIUIOBIAAAYA,
JIUCHUITALLSA EHEPI'Il, POTOPHO-ITYJIbCALIIMHNI AITAPAT

Abstract: Numerical simulation of the motion of an aqueous suspension of
wheat straw in the working zone of the rotor-pulsation apparatus is carried out.
The velocity fields and the distribution of excess temperature are determined.

Keywords: BIOETHANOL, BIOMASS, HEAT TRANSFER, ENERGY
DISSIPATION, ROTOR-PULSATING APPARATUS

OpgHuM 31 UUIAXIB MIJBHUILEHHS €(QEKTUBHOCTI MOMEPEAHbOI 00pOoOKU
JITHOLIETIOJIO3HOT CUPOBUHU € BUKOPUCTaHHS TEIJIOPI3UYHUX e(EKTIB, 10
BiIOYBAIOTHCS MPHU PyCl B’SI3KOT PIIMHU B POTOPHO-IyJbcalliiiHuX amapatax [1].
Po3yMmiHHg xapakTepy Teuli BOAHOI Jucrepcii OlomMacM  Ta  TEOpPETUUHE
OOIPYHTYBaHHS MIABUIICHHS 1i TeMIeparypu LUIIXOM OOpOOKHM B POTOPHO-
NyJbCAI[IHOMY arnapaTi € aKTyaJlbHOIO 3a/1a4elo.

Mertorw nociimkeHb OyJa0 MOJETIOBaHHS Tedii BOAHOI JUCTEPCii COJOMU
MIIIEHUYHOI TPOTITOM i 00pOOKH B pOTOPHO-TYJIBCALITHOMY amapari.

YucenbHe MOJEIIOBAHHS Tedii PIIMHA B POTOPHO- MYJIbCALIMHOMY amnapari
BUKOHYEThCS 3a MeToAoM, omnucanuM B [2,3]. Teuis B'A3K0i piaMHU Ta
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NEPEHECEHHSI TEIIOTH B 00'€eMl POTOPHO-MYJIbCAIIITHOIO amapary OIMUCYEThCS
cucteMoro audepeHmianbHuX piBHAHL Ha'e-Ctokca pa3oM 3 piBHSHHSIM
30epeKeHHST €Heprii JUIsl OTOKY piauHU. 3afada Tedii 1 MepeHeCeHHS TeIUIOTH
PO3TISAAETHCSA B IBOBUMIPHIN MOCTAHOBIN B MEpepi3i, M0 MEPHECHAUKYIIIPHUNA 10
CHUIBHOI OCl poTopa Ta cratopa. Ha moBepXHsX poOOYMX €IEMEHTIB 3aJaBajKCh
TPaHUYHI YMOBH YETBEPTOTO POAY, IIO0 BCTAHOBIIOBAIM PIBHICTH TEMIIEpPaTyp
PIIMHA 1 TBEPJAOTO Tija, a TaKOX PIBHICTh TYCTHH TEIJIOBUX TOTOKIB, IO
NEPEHOCATHCS Bl PIAMHH A0 pOOOUYMX eNeMeHTIB. [l MOCSITHEHHS PiAUHOIO
TeMrepaTypu, JAOCTAaTHBOI IJIs 3M1MCHEHHS HEOOXIAHUX XIMIYHUX TEPETBOPEHb,
piIMHA TIOBMHHA OaratokpaTHO OOpoOJIOBaTHCSI B POTOPHO-MYJIbCAIIHOMY
anapari. Piguna miciast oOpoOKu B amapati HaIXOIUTh 10 MPUHAMaIbHOI EMKOCTI IO
cuctemMi TpyOompoBojiB. B TpyOompoBogax 1 B mpuiMalibHIi €MKOCTI piAvHA
YAaCTKOBO OXOJIO/DKYETHCSI BHACIIIOK TEIUIOBUX BTPAT 3 MOBEPXOHb OOJaJHAHHS.
Btpara Temnotu BiI0OyBalOThCA TaKOXK O€3MOCEPEIHBbO 3 MOBEPXHI amapary. s
BU3HAYCHHS XapakTepy 3MIHM Yy 4Yacl TeMIepaTypd PIIUH, 10 Oe3MepepBHO
HAJXOJUTh B POTOPHO-MYJbCAIIMHUA amapaT 1 BHAAIAETBCI 3 HBOTO,
3aCTOCOBY€ThCS AU(epeHIiaibHE PIBHAHHS TEIJIOBOTO OajaHCy, 110 HAaBEJCHE B
[3].

TernuoBingaya 3 MOBEpXOHb 00JaHAHHS 31MCHIOETHCS LUISIXOM PHUPOIHOL
KOHBEKIIi Ta BUINPOMIiHIOBaHHA. [ligBUINICHHS TeMmmepaTypyd CEpeIOoBHINA, IO
00OpOOJISIETBCS. B POTOPHO-MYJIbCAIIINHOMY arapari , 3J1MCHIOEThCA 3a PaxyHOK
JUcunallli MEXaHi4HOo1 eHeprii B pododyoMy 00'emi anapaty. Sk 3a3HavaeTbes B [2,
3], HalOLIbII 1HTEHCUBHO AMCHMAIlS B1AOYBaeThCA B 3a30pi MK POTOPOM Ta
CTaTOpOM, Jie HalCyTTeBille BiAOyBaeThes Aedopmariis mBUaKocTi. KapTuHa Teyil
pIAMHMA Ta PO3MOJIIM HAUIMIIKOBOI TEMIIEpATypu B AOCIIIKEHOMY €JIEMEHTI
poOouoi 30HM HaBeAeHO Ha puc. 1. Sk BugHO 3 puC. |, HAWOIIBII CYTTEBUU
neperpiB  piiMHU BIAOYBA€TbCS B 3a30pl MK pPOTOPOM 1 CTAaTOpoM Oijst
BHYTPIIIHBOI TIOBEPXHI CTaTopa, J€ BiAOYyBalOThCS HAUOIIBII IHTCHCUBHE

BUJIIJIEHHS TEIUIOTHU 33 PaXyHOK JUCUIALIT MEXaHIYHOI eHeprii.
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Puc. 1 Tlone mBUAKOCTI 1 pO3MOALT HAJUIUILIKOBOI TeMrnepatypu At B
po6oUiit 30HI POTOPHO-TYJILCALIIMHOTO anapaTy npu o0poOIli BOJHOT auctepcli
cosiomu: a - u= 0,09 Ila-c; 6 - ©n=0,107 Ila-c.

3 pe3yJbTaTiB YHMCEIbHOIO MOJIEIIOBAHHS BUIUIMBAE, M0 MaKCHUMAaJIbHHUM
neperpiB piAMHU B 3a30pi 3a OJIMH Tepiosl oOepTaHHs poTopa ckiagae Atmax=1,9
°C mpu p = 0,09 Ila-c Ta Atmax=2,2 °C npu p = 0,107 Ila-c. ITpu npoMy cepeaus
HAJUIMIIIKOBA TemIeparypa oOpoOIOBaHOI PIIMHU y BUXiAHOMY mnaTpyOky PITA

cknagae At=0,44 °C npu p = 0,09 ITa-c Ta At=0,53°C ipu p = 0,107 Ia-c.
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Y]IK 66.048.3
CLEANING OIL WITH COLUMN DEVICES

undergraduate Rudyi O.D., Ph.D., Assoc. Stepanyuk A.R.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT. The article considers the basics of technology of selective
purification of oils. The main types, structure and principle of operation of column
extractors are considered.

KEY WORDS: SELECTIVE CLEANING, OIL, COLUMN

OYUCTKA MACTUJIA KOJIOHHUMU AITAPATAMMA

marictpant Pynuit O. J1., , k.T.H., gou. CtenaHtok A.P.

AHOTAIIA. B cmammi po3enidaemovcs 0CHOBU MEXHON02Ii CeleKMUBHOI
ouucmku macen. Poszensinymo ocHosni munu, 6y008y ma npuHyun pooomu
KOJIOHHUX eKCMPAaKmopIe.

KJIO4OBI (CJIOBA: CEJIEKTMBHA OYUCTKA, MACTUIIO,
KOJIOHA

Selective purification - the process of refining crude oil, aimed at improving
the quality of oil fractions. It is based on the extraction of raw materials with a
selective solvent, followed by distillation of the solvent from the raffinate and
extract solutions. It can be carried out for both distillate and residual raw materials.
In the process of selective purification from the raw material extracts undesirable
for commercial oils components - resin-asphaltene substances, heteroatomic
compounds and polycyclic aromatic carbohydrates with short side chains. The
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target product of the process is raffinate - a purified oil fraction consisting mainly
of paraffinic and naphthenic hydrocarbons [1, 2].

Extractors in which the mutual motion and separation of the contacting
phases are generated by gravitational forces are called gravitational, or columnar,
unlike to centrifugal extractors, where the interaction and separation of phases are
due to the field of centrifugal forces.

Column extractors for the liquid-liquid system are divided into devices
without energy supply and with energy supply. The former include spray, nozzle
and mesh extractors, the latter - mixing-settling, rotary, pulsating, vibrating and
others.

Spray extraction devices are hollow columns in which one of the phases
moves in a continuous stream, and the other - in the form of drops.

These devices are simple in design, but not very effective. Nozzle extraction
columns are similar in design to nozzle columns for rectification and absorption
processes. As nozzles in them use mainly Rashig's rings which stack on basic
lattices of grid-iron type.

The mesh extraction column (Figure 1) has a vertical cylindrical body 1 and
perforated (mesh) plates 2, equipped with overflow devices 3. It works as follows.

The heavy phase of TF through the fitting 4 is fed continuously into the
column, a continuous flow down the column and removed through the fitting 7.
The light phase of LF continuously enters through the fitting 6 into the column
under the lower plate 2. under the next plate. In the upper part of the dispersed
phase coalesces into a continuous layer, forming the level of the phase separation
and is removed through the fitting 5. In the process of formation of droplets and

their movement, the process of mass transfer.
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Figure 1 - Mesh column Figure 2 - Shaibel column

One of the first designs of rotary extractors is the Scheibel column (Figure
2), consisting of mixing 1 and settling 2 alternating sections. For mixing in the
mixing sections are placed stirrers mounted on the shaft 3. Settling sections are

filled with a nozzle (braided mesh with large cells).

o)

Figure 3 - Extraction column with stirrer
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In the structure shown in Figure 3 a), the mixing section is isolated from the
settling section Il by horizontal stator rings 1. In later designs of Shaibel columns
(Figure 3 b) phase mixing is carried out by turbine stirrers 1 in the area between
the fixed annular partitions 2 and the wire mesh layer. 3. Rotor-disk extractor is a
column on the axis of which the rotor is mounted in the form of a vertical shaft
with round horizontal disks. The disks rotate in the cavity of the section formed by
the stator rings fixed on the case. The rotor is rotated by an electric drive. The light
phase of LF is introduced into the device from below, and the heavy TF - from
above.

Under the action of rotating disks, the phases in the sections carry out a
complex circulating motion, in which the radial and axial motion of the fluid are
combined. Dispersed and continuous phases move countercurrently; the drops are
crushed by disks, thrown to the periphery of the column, in contact with the walls
of the column and with each other. Simultaneously with the crushing of the drops
is their coalescence. [2]

Although the Scheibel column is characterized by low VETS, but also low
performance. Such devices process large volumes of solutions, which consumes a
large amount of time and energy. There is also a need for large and one-time
loading of the extractant. During prolonged operation of the device there are
excessive loads on the rotating elements that cause rapid wear, as well as possible
fires in the engines of the devices. The reliability of the column also reduces the

increased sensitivity to solid contaminants, as well as high metal content. [3]

Conclusions. The main types of column extractors for oil purification were
considered in the work. However, the mesh column has advantages due to the
simplicity of construction compared to the Scheibel column

References
1. Rudyi O.D. / MODERNIZATION OF THE OIL EXTRACTION
PURIFICATION UNIT // Rudyi O.D., Stepanyuk A.R. Collection of abstracts of

114



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

the XIX International Scientific and Practical Conference of Students,

Postgraduates and Young Scientists "Resource and Energy Saving Technologies
and Equipment" (November 25-26, 2020). Kyiv) / Compiled by Y.M. Kornienko. -
K .: "KPI them. Igor Sikorsky », 2020. - 305 p.

2. Installation of selective cleaning of oils [Electronic resource]. - 2014. -
Resource access mode: https://www.bibliofond.ru/view.aspx?id=796250#text.

3. "Machines and apparatus of chemical production and construction
materials enterprises" / I.I. Ponikarov, O.A. Perelygin, V.N. Doronin, M.G.
Gainullin. - M.: Mashinostroenie, 1989. — 368p.

4. "Extraction. Principles and applications in metallurgy. Ritchie G.M.,
Ashbrook A.V. Holland, 1979, Translation. from English - M., Metallurgy, 1983.
480p.

115



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

YK 621.671
JOCIIIAKEHHSA POBOYUX XAPAKTEPUCTUK BIIHEHTPOBUX
HACOCIB JJIs1 MOJAYI MOJIOYHUX ITPOAYKTIB
roi1. TexunoJor [lenkin B.1., p.H.c., A.17.H. IBanunpkuii [".K.,
inp.H.c., K.T.H. l{enens b.41., c.H.c., k.T.H. [ 'o)kenko JL.IL.,
roj. mexanik [lynsax B.B.

IncTuryT Texnivnol Temnopizuku HAH Ykpainu

AHoTamiss: /locniodxceno eghexkmugnicms podouux Koaic 3 Jonamsamu
NOOBIUHOI  KpUBU3HU 1  YULIHOpUYHUMU  Jlonamsamu. Busnaueno  poboui
Xapakxmepucmuky 8i0YeHmpo8o20 HAcoca 3 poOOUUM KOAeCOM 3 JONaAmAMU
NOOBIUHOI KPUBU3HU, WO 8CMano6leHl nid kymom 50° 0o oci nomoky. Buznaueno
3ANENCHOCMI HANOPY 8i0 NPOOYKMUBHOCMI OJI5l PI3HUX JlaMempis KoJecd.

KmouoBi cioa: BIJIIEHTPOBHUIM HACOC, POBOYE KOJIECO,
JIOTTATI TIOJIBIMHOI KPUBM3HU, IUJIIHAPWUYHI JIOIIATI, POBOYA
XAPAKTEPUCTHUKA HACOCA.

Abstract: The efficiency of impellers with double curvature blades and
cylindrical blades has been studied. The operating characteristics of a centrifugal
pump with an impeller with blades of double curvature, installed at an angle of 50°
to the flow axis, are determined. The dependences of the pressure on the
performance for different wheel diameters are determined.

Keywords: CENTRIFUGAL PUMP, IMPELLER, DOUBLE
CURVATURE BLADES, CYLINDRICAL BLADES, PUMP PERFORMANCE.

Ocob6muBOCTI YMOB pOOOTH, BHUCOKI BUMOTHU JO HAAIMHOCTI 1 Oe3mexu
0oO0CITyroByBaHHS, SIKOCTI 1 O€3MEYHOCTI MPOIYKTIB BHU3HAYAIOTH BHUMOTH [0
KOHTPOJIIO SIKOCTI Ha BCIX CTaAisiX MPOEKTYBaHHS, PO3POOKM 1 BUTOTOBJICHHS
HACOCHOTO YCTaTKyBaHHS JIJIs1 MOJIOYHOI TPOMHUCIIOBOCTI.

BignenTtpoBi Hacocu MawTh HAMOUIBII MIMPOKI Jlala3oHU  4YacToOT
oOepTaHHs poTOpa 1 TeMIlepaTyp MepeKauyBaHUX PIIWH, HU3BKHI KOepilieHT
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HIBUAKOXIAHOCTI 1 HalOUIblIe 3HaUeHHS Koe(illieHTa HAmopy, a BIAKPHUTI pododi
KoJieca BIJTHOCATHCS JI0 TIAPOJMHAMIYHUX PENIITOK, IO MPAIfOI0Th 3 BIIPUBOM
noToky. IlepemideHi XapakTEpPUCTHKW BIIIEHTPOBUX HACOCIB 3 BIAKPUTHMH
poOOYMMH KOJIECAMH CTBOPIOIOTh MOXJIMBOCTI moao 30iumbmieHHs KKJI 1
3HMKEHHSI eHEPIrOEMHOCTI B HACOCaX LbOTO THUITY.

JlocmimKyBaii  BIIKPUTI  JllarOHAJIBHI  BIAIIEHTPOBI poOodui Kojieca 3
JIOTIATSIMU TIOJIBIMHOT KPUBU3HM 1 IMIIIHIAPUYHUMU JionaTsMu. CHpoeKTOBaHO Ta
BUTOTOBJICHO po0O0Yl KoJieca Y BHUIJISAL YBITHYTOro AHMCKY aiameTpoMm 170 mw,
180 mm 1 190 mm. JlonaTi BUKOHaHI y BUIJISIAL BiApi3Ka 3 MOABIHOIO KPUBU3HOIO 3
KyToMm 18°, TOBIIMHOIO 3 MM 1 mMpuHOIO 60 MM OIS MAaTOYMHU 3 MEPEXOJIOM Ha
20 MM Ha BuXoAl Koiseca. JlomaTi UMIIHAPOBUX POOOYMX KOJIC BHUKOHAHI
TOBIIMHOIO 3 MM 1 mupuHO0 40 MM Ha BCIM JOBXXHHI 1 BCTAaHOBJIIOBAJIUCH ITiJT
kyTom 30° 1 50° Ha BUXO/I1 KoJjeca.

ExcriepuMeHT TpOBOAMIM Ha TEPMETHUYHOMY CTCHII AN JOCHIIKEHHS
HAcoCIB, IO CKJIQJAa€ThC 3 EKCIEPUMEHTaJbHOIO Hacoca, 3acHoKOoroBava-
cermaparopa 3’€IHAHOTO 3 OXOJIOJKYBadeM, TEIJIOOOMIHHUKA, 3aro0iKHUX
KJIalaHiB, 0auka Jj1s 300py MOBITPs, BAKYYMHOI'O Hacoca, TEpMOMETPa, PE3EPBHOT
MIpHOi JUISHKM JJI1 BUMIPIOBaHHS IoJadl Hacoca, TPyOOIpoBOaYy, MPHUCTPOIO
riIpaBIIYHOrO KEpyBaHHS 1 MIpHOT AladparMu, 110 BCTAHOBJICHA MEPE] MPUCTPOEM
TiIpaBIIYHOTO KepyBaHHA. THCK BUMIPIOBAM BaKyyMMETpPaMH, BCTAHOBICHUMH
Ha BIJCTaH1 JBOX JiaMeTpiB TPyOONpoBOAa BiJl BX1IHOI'O Ta HAIPHOTO MaTpyOKiB.
Benuuuny po3piixeHHs (BakyyMy) B CTEHJAl 3aJaBajidi 4yepe3 KpaH TOHKOIO
pETyJIIOBaHHS, BCTAHOBJICHOMY MIX BaKyyMHHUM HAcOCOM 1 OadykoMm s 300py
noBiTps. J{oCIiKeHHs IPOBOAUIM TIPK PO3pimkeHHi Ha Bxoai B Hacoc -0,9-10°T]a,
CHIBBIIHOIIIEHHS JliaMeTpa pobOoYoro Kojeca 10 JiaMeTpa BXIJHOTO marpyoOka
CTaHOBWJIO 2,2, MOYaTKOBA TeMIiepaTypa nmpoaykry —85°C+95°C.

[lepen mpoBemEHHSM EKCIEPUMEHTY 4Yepe3 3aclOKOIBau-Ccenaparop
3alOBHIOBAJIM CTEH/I MOYATKOBUM IPOAYKTOM, SIKMI HArpiBalud B TEIUIOOOMIHHUKY
NepIOAMYHO BMHMKAIOUYM HACOC 1 BUPIBHIOBAHHS TEMIEpaTypd B KOHTYPI.
ExcriepuMeHT MpOBOAMIM 3 3aCTOCYBAaHHSM CIIOCOOY KEepyBaHHS MPHUMEKOBUM
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[IApOM PIAVHM, KU BU3HAYAETHCS Bi3yali3alli€lo MOTOKY B MPUMEKOBUX IApax
KoJIeca METOJIOM 3MUBaHHS cUpOi papou.

EdextuBHICTh poOOYOro Kojeca BHU3HAYAIM IO MICHE3HAXOKEHHIO MEX
BIIPUBHUX 30H MPHUMEKOBOTO MIApy PIAUHH (€PEKTHBHIIIE T€ KOJECO, B SIKOTO
30HM He3MHTOI papOu Ha BUXOJ1 3 Kojieca HaiimenIi). [Ipu mociimkeHHi KoJiic 3
MATIHAPUYHAMA  JIONATSIMHA  OpPIEHTOBHA JIOBXKMHA MEXI BIAPUBHUX 30H
IPUMEKOBOro Iapy piauHu ctaHoBuia 0,3+0,5 1OBXKMHU JomaTi MPU YCTAHOBIII
jomnatel 3 KyraMu Ha Buxoi kosieca 50° 1 30°. IIpu gocmiakeH1 KOJIC 3 JONaTsIMu
NOJBIAHOI KPUBU3HHU OPIEHTOBAHA JIOBXKMHA MEX1 BIAPUBHUX 30H MPUMENKOBOTO
mapy piguau ctaHowia 0,15+0,3 moBXXWMHU JIOmaTi MpHU yCTAHOBIN JiomaTei 3
KyTamu Ha Buxoji koieca 50° 1 30°. BigHocHa BijCTaHb 30HM HE3MHUTOI CHUPOI
bapbu HaiimeHIIa y poO0Yoro KoJjieca 3 JIONaTsMH, 10 BCTAHOBJEHI i KyTom 30°
1 HaWOLIbIIa Y poOOYOro KoJjieca 3 JIOMATSAMHU, IO BCTAHOBJIEHI mia KyToM S50°.
Takox BCTaHOBJIEHO, IO Hamip Hacoca 30uIbinyeThes Ha 2%, a KK]I — na 3+4%
JIUIIIE HA HEJTOBAHTAKEHUX PEKUMAX.

BusnaueHo po0oui XapakTepUCTUKH BIJIEHTPOBOIO Hacoca 3 PoOOYUM
KOJIECOM 3 JIONATSAMU MOJBIMHOI KPUBU3HM, 1110 BCTAHOBJIEHI g KyToM 50° 1o oci
IIOTOKY NPOAYKTY. BeTanoBneHo, mo pobora Hacoca npu pospimkeni -0,6-10° ITa
Ha CTOPOHI BCMOKTyBaHHS craOunbHa. [Ipm 30impineHHi pospimkenHs ao -0,9
-10° I1a kaBiTaniifHUii 3amac HAacoca 3MEHIIYEThCS 1 CIIOCTEPIraeThCsd IOYaTKOBA
KaBiTaIlis, sSKa TMPOSIBISETHCSA IMAPOYTBOPCHHSIM 3 XapaKTCPHUMH 3BYKOBHMHU
epexkTaMu Ta 3HIKCHHAM IM0/Aayi TPOAYKTY. TakoX BHU3HAYEHO 3alIeKHOCTI
HAIopy BIJ MPOIYKTUBHOCTI JUIsl PI3HUX JlaMeTpiB KoJjieca. BcraHoBieHo, 110
30UIBIIICHHS JAlaMeTpa KoJjieca MPU3BOIUTH 0 301IbIIIEHHS MPOIYKTUBHOCTI Hacoca

1 HAaMoOpy MPOJYKTY MPHU CTATIOMY PO3PIIKEHI HA CTOPOHI BCMOKTYBAHHHI.
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PERSPECTIVES CREATION EQUIPMENT FOR
MANUFACTURING OF MONOFILAMENT FOR 3D PRINTING

Polishchuk O.S., Skyba M.E., Polishchuk A.O., Lisevich S.P.
Khmelnytskyi National University

HEPCIIEKTUBU CTBOPEHHS OBJIA/THAHHSA J1J151
BUT'OTOBJIEHHA MOHO®IJIAMEHTY JJIA 3D-IPYKY

[Tomimyk O.C., Ckuba M.€., ITomimyk A.O., Jliceuu C.I1.
XMeJbHUIBKUNA HAIOHAIbHUM YHIBEpPCUTET

Abstract. Prospects for the creation of equipment for the manufacturing of
monofilament for 3D printing are considered. The definition of additive technology
iIs given. The tasks which need to be solved at creation of the device for
manufacturing of a monofilament are resulted. Describes the design scheme and
principle of operation of the extruder. A review of developers of equipment for the
manufacture of monofilament.

KiaouoBi  cjoBa: [IOJIIMEPHUII  MATEPIAJL AJINTUBHA
TEXHOJIOI'TA, MOHO®DIIIAMEHT, EKCTPYIEP, 3D-JIPYK.

Anomauia. Po3zensoaromvcs nepcnexkmusu cmeopenHsi 001a0HAHHS OJisl
sucomosnenHs monoginamenmy ona 3D-opyxy. /laemvca eusnauenns aoumusHoi
mexnonoeii. Ilpusooamecsa 3adaui, AKi HeoOXIOHO BUPIWUMU NPU CBOPEHHI
npucmporo OJisk 8UCOMOBLEHHSI MOHOHUMKY. ONUCYEMbC KOHCMPYKMUBHA CXeMd
ma npuHyun pooomu  excmpyoepd. 30IUCHIOEMbCA 02150  PO3POOHUKIB

YCMamKy8anHs OJisl BU2OMOBAEHHS MOHODILIaMeHmY

Keywords: POLYMERIC MATERIAL, ADDITIVE TECHNOLOGY,
MONOFILAMENT, EXTRUDER, 3D PRINTING.
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Today, additive technologies are widely used in enterprises, firms and in
everyday life.

Additive technologies are innovations in industry and production, digital
innovations using 3D printing [1].

Additive technologies - the manufacture (construction) of a physical object
(part) by layer-by-layer application (addition, English - "add") of the material, in
contrast to traditional methods of forming parts, by removing (sudtraction -
subtraction) of the material from the workpiece.

The use of additive technologies in various industries, in particular in light,
has significant advantages over other methods of manufacturing parts and
products, in particular: saving resources; acceleration of the manufacturing
process; accuracy of parameters; mobility.

Every company, firm, educational institution, household consumers who use
3D printers need consumables. One of the factors holding back the development of
FDM printing is the relatively high cost of consumables. The difference between
the costs of raw materials (granules) used to make monofilament and the cost of
the finished monofilament in some cases can reach dozens of times.

Portable, desktop devices (extruders) for making monofilament from
granules or polymer waste can help to solve this problem. Such installations will
significantly reduce the cost of printing and improve the environment.

In order to reduce the cost of consumables, you need to develop your own
extruder to produce plastic thread for a 3D printer, which in turn will significantly
reduce the cost of purchasing consumables. It can be made based on practical skills
and theoretical knowledge.

To achieve this goal you need to solve the following problems [1]:

1. Monitor existing devices for the manufacture of polymer monofilament
and their price range.

2. To study typical designs of devices.

3. Develop your own analogue of the device.
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4. Calculate the cost and profitability of the extruder for the manufacture of
monofilament.

An extruder is a device for forming products by melting or thinning
consumables and extruding mass through a hole of a certain shape.

Figure 1 shows a diagram of the extruder for the manufacture of monofilament

2].

Heater

Filter 3
Nozzle Sleeve Matenial

Vi : S\

1

Motor

Fig.1. Scheme of the extruder for the manufacture of monofilament

The principle of operation of the extruder for the manufacture of
monofilament is as follows. Granules or crushed polymer waste are poured into the
hopper. The stepper motor rotates the auger, captures the polymeric material and
moves it along the material cylinder (sleeve) to the heating element, which melts
the raw material to a plastic state. Next, the molten material enters the cylindrical
head of the extruder, where the finished rod, for example with a diameter of 1.75
mm, is extruded under the action of pressure, which creates an auger.
Subsequently, the monofilament is cooled and wound on a spool.

After analyzing the Internet resources for companies engaged in the
manufacture of such devices, we can conclude that only one company in Ukraine is
trying to implement this task.

Among foreign manufacturers of this equipment, more progress has been

made in this regard. About twenty developers are engaged in this direction, who
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managed to bring this equipment to industrial design. Among them are the
following brands: Filabot, Filastruder, Lyman extruder, Filabot Original, Filabot
Wee and others.

In the manufacture of monofilament for 3D printing, along with the
economic benefits that can be obtained, you should take into account some other
technological features, namely that not all types of plastic can be remelted, and
repeated processing leads to degradation of the material.

This problem can be solved by using primary granules and mixing them with
crushed secondary polymer. In general, this can lead to significant savings in the
manufacture of materials for 3D printing.

As a result of the creation of a device for the production of monofilament for
3D printing, it will be possible to conduct experiments with different materials,
create monofilaments with specified properties and reduce the amount of polymer

waste, thus improving the environment.
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V]IK 685.31.05

CTAH TA IEPCHHEKTHUBU 3ACTOCYBAHHSA NTIPOMUCJIOBUX
POBOTIB B JIET'KIIi TPOMUCJIOBOCTI

Kapmamita A.K., [Toximyk A.O.

XMeIbHUUBKIH HALIOHAJILHUN YHIBEPCHUTET

AHoTamisgs. Onucyemovcss poab NPOMUCIOBUX POOOMIE 8 MEXHIUHOMY
ocHaweHi nionpuemcms neckoi npomuciosocmi. Haeoosmvcs o3naku no saxux
MOJNCHA GUPIUMU 3a0a4y OPIEHMYBAHHA MA KOHMPOIIO NOJIONCEHH OemaJell
supodie o00sa2y ma 63ymms. Onucyromvcs 3a0a4i OpiEHMYBaHHSA OemdaJlel.
Hasooumwscsi  nepenik  mexunonociynux  onepayiil, 0Oe  MOJICYMb  3HAUMU
3aCcmocy8anHs RPOMUCIOB pOOOMU.

Kirouosi cJI0Ba: [TPOMMCJIOBUI POBOT, JIETKA
I[TPOMUCJIIOBICTDh, JETAJII OAATY TA B3VYTTSA, PO3III3BHABAHHA,
OPICHTYBAHHAI.

TexHOJI0T1 BUTOTOBJICHHS OJIATY Ta B3YTTS MOCTIMHO 3MIHIOETHCS 3 TIOSIBOIO
HOBUX MaTepiajiB Ta 3pPOCTaHHSAM TEXHIYHOTO mporpecy. IIpomucioni poboTu
3aiiMaroTh BCE OUIbIIY YacTKy B TEXHIYHOMY OCHAILIEHHI MiANPUEMCTB JIETKO1
IPOMHUCIIOBOCTI. bijplia yacThHa 3 HUX L€ HE aJanTUBHI MPOTrpaMHI poOOTH, SKi
MPAIOI0Th MO KOPCTKIN mporpami. MeHIa yacTiHa 1€ aJanTUBHI poOOTH, SKi
MaroTh CEHCOPHI 3aXBaTH. SIKIIO0 JIJIs1 IPOrpaMHUX POOOTIB HEOOXiIHE 000B’A3KOBE
BIIOPSIKYBAHHS CEPEOBUINA 00’€KTIB OOpOOKM TO [JIs aJalnTUBHHUX TMOTPIOHI
CEHCOpPHI 3axBaTH, AKl OyIyTh pO3Mi3HABATH IMOJIOKEHHS THX K€ 00’eKTiB. Sk B
NEePIIOMY TaK 1 B IPYroMy BUIIAJIKy HEOOX1AHO CTBOPUTU CUCTEMH JJIsi KOHTPOIIIO
NOJIOKEHHSI 00’ekTiB  poOotu3amii. OueBugHAa HEOOXIAHICTH B HAYKOBHX
JOCIIIJIKEHHSX, HANpPaBJICHUX HAa CTBOPEHHSI €(EKTUBHUX CHOCOOIB KOHTPOIIIO,
OTPUMAaHHA  YITKUX PEKOMEHJAalii 1 TUIOOBUX  METOJUK  PO3PAXYHKY
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KOHTPOJIIOIOYHX MPUCTPOIB, a TAKOXK pO3poOKa KOHCTPYKINN nux mpuctpois. Ha
BIIMIHY B TpuiIaAoOyAiBHOI Ta MAaImMHOOYIIBHOI IPOMHMCIOBOCTI, Je
OpIEHTYBaHHS Ta KOHTPOJIb TIOJIOKEHHS B OCHOBHOMY BHUKOHYETHCSA IIO
T€OMETPUYHUX O3HaKaxX 00’€KTa, B JIETKIA MPOMMCIOBOCTI MOTPIOHO BUKOHYBATH
JIOJTATKOBHUI BUJI KOHTPOJIIO MOJIOKEHHSI — MO BJIACTUBOCTAX MOBEPXOHb, TOMY IO
JeTalll OATY Ta B3YTTS 3 IIKIPSHUX MaTepiaiiB MarOTh JIMIbOBY Ta OaxTapM siHY
MOBEpPXHI, a JeTajl 13 IITYYHUX MaTepiaidiB Ta TKAaHWH MAalwTh JIMIOBY Ta
BHUBOPOTHY CTOPOHH, SIKI MAIOTh Pi3HI BIACTHBOCTI.

3ajgadi  OpIEHTYBaHHS BKJIIOYAIOTh B ceOe €JIEeMEHTH MpodeMu
po3Mi3HaBaHHA O0O0’€KTIB, a caMme pO3Mi3HABAHHS IOJOXKEHHA 00’ €KTIB TIO
BIIHOIIEHHIO 7O pOOOYMX OpraHiB TEXHOJOIIYHUX MAIIMH YU 3aXBaTiB
MPOMHUCIIOBUX poOOTIB. [Ipu3Hakamu Jj1s1 po3Mi3HABaHHA € BIIACTUBOCTI acCUMETPIl
netaneit: hopmu, Pi3UYHUX BIACTUBOCTEMH, MOJTOKEHHS IIEHTPA Mac, BIIACTUBOCTEN
noBepxoHb. Jlerami 3 acumerpiero (HOpMHM TOAUIAIOTBCA Ha Ti, IO MalOTh
ACUMETPI0 30BHINIHKOI MOBEPXHI (BUCTYNU Ha TOPISIX, Ma3d Ha HMUWIIHAPUYHUX
MOBEPXHAX Ta 1H.) 1 HA Ti, 0 MAaIOTh ACUMETPII0 BHYTPILIHIX NOBEPXOHb. Jlerai 3
acuMeTpiero (QI3UYHUX BIACTUBOCTEN MAIOTh ACUMETPII0 MAarHiTHUX, €J1EKTPUYHHUX,
NPY)KHUX Ta 1HIIUX BIACTMBOCTEH. JleTami, 1o MarwTh acUMETPil0 IEHTpa Mac,
JUISATHCS HA JETall, B SKUX I[IEHTP Mac CIIBIAJA€ 3 TEOMETPUYHUM LIEHTPOM JIeTalll
1 B SIKMX IIEHTP Mac HE€ CHIBIAJa€ 3 T€OMETPUYHHUM IIeHTpoM nerani. Jlerami 3
aCHUMETpPIEI0 BIACTHUBOCTEH TMOBEPXOHb MOJUISIOTHCS HA THX, MO0 MAalOTh
aCUMETPII0 TBEPAOCTI, MOPCTKOCTI, MPYKHOCTI, MIUIBHOCTI, €IEKTPOIPOBITHOCTI,
KOJIbOPY, KoedillieHTa TepTs Ta IHIIMX BIACTHBOCTEH. B 3amexHOCTI BIiX
XapaKTEPUCTHK, ISl KOKHOTO KOHKPETHOTO 00’€KTa MOXXKHa BHOpaTH OJMH 13
BIJIOMHX METOIB KOHTPOJIIO HOro moyiokeHHs. KOHTpOJIb MOJIOKEHHS JeTalll Ha
MO3UIIli OPIEHTYBAHHS MOXKE OyTH MAaCUBHHUM (KaTiOpH JJIT KOHTPOJIIO PO3MIPHUX
XapaKTepUCTUK) YU AaKTUBHUM (3 BHUKOPUCTAHHSIM JATYUKIB JUIsS  Tojayl
YIOPABJISIFIOYNX CUTHATIB HA BUKOHABYI MEXaHI3MHU).

binbuiicts neraneit oasary ta B3yTTa 00poOIsieThesl 1 HOCTYNAE Ha CKIaJaHHS
B IJIOCKOMY BUTJISIZIL 1 TIIBKM B MPOIIEC] CKIIaJlaHHs HaOyBa€e MPOCTOPOBOi (HhOpPMHU.

124



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

ABTOMaTHYHE OPIEHTYBAaHHS TaKUX JETalel € OUIbIN CKJIAJHOK 33Ja4el0 UM
OpIEHTYBaHHS TUI OOEpTaHHS IO TIM MPUYMHI, IO IJIOCKI JETalll MOXYTh MaTH
OUTBbIlIE YHCIO pI3HUX TIOJOKEeHb. KpiM TOro 3amada yCKIATHIOETHCS IIIE
JOJJaTKOBUMHU  (pakTOpamMHu: HEBENHKOI >KOPCTKICTIO  JeTalied, CKIaJIHOIO
KOH(}ITrypalli€ro, HETOYHICTIO PO3MiIpiB, aCUMETPIE€I0 BIACTUBOCTEH ITOBEPXOHD,
BEJIMKOI KUIBKICTIO THIOPO3MIpiB, TapHicTIo JgeTtami Ta 1H. lleperik
TEXHOJIOTIYHUX OTepallii, 1€ MOXKYTh 3HAWTHU 3aCTOCYBAaHHS MPOMUCIIOBI poOOTH,
nyxe pisHOMaHiTHHH. Lle 1 3aBaHTakeHHSA 1 PO3BAHTAXCHHS MO3UIINA 0OpOOKH
00’€KTIB B TEXHOJIOTIYHMX MallMHAX, CKJaJyBaHHS 1 IAKyBaHHS BHPOOIB,
dbapOyBaHHs 1 OYHMCTKAa TIIOBEPXOHb, MDK OIEpaliiHe TpaHCIOPTYBaHHS,
KOMILJICKTAIlIsl Ta 1HIII.

Takum YMHOM, IS AaKTHUBHOI B3a€MOJIi TPOMHUCIOBOTO podoTa SK
OpPOrpaMHOr0 TaK 1 aJalNTUBHOTO 3 pPEATbHUM HABKOJUIIHIM CEPEIOBUIIEM,
HeoOXxiHa 1HGOopMallisl MPO BIACTUBOCTI 1 CTaH LBOTO CEpPEIOBUINA B poOOUii
30H1. CriBcTaBieHHs i€l 1H(OpMAIIl 3 aHAII30M «CTaHy» caMoro podota, Horo
BUKOHABYMX OPraHiB BIJHOCHO 00’€KTIB LIJIEHANPABICHO (DOPMYIOTh ONTHUMAJIbHI
Jii poMuUcIoBOTO poOoTa. OCHOBHI MapaMeTpu CTaHy poOoTa (TOJIOXKEHHS 1
MIBUKICTh TEPEMIIIEHHS HOTO €JIEeMEHTIB, 3yCHJIIi B JaHKax Ta 1HII) 1
cepenoBuIla (MOJOXEHHS 1 OpleHTalls MNOpeaMeTiB, iX Gopma, mmapaMeTpu
30y/DKeHHSI SIK1 TOCTYIalTh Ha pPoOOT B MpoIeci MOro poOOTH) BU3HAUYAIOTHCS
CEHCOPHUMU MPHUCTPOSIMU pOOOTa, SIKI CKIaAal0Th OCHOBY 1H(GOPMAIlIIHOT CUCTEMU
HOro crnpuiHATTA. PO3pI3HSIIOTE CEHCOPHI MPUCTPOI BHYTPIIIHBOI 1 30BHIIIHBOT
iHpopmarrii. Ile B OUTBIIIOCTI BUMAIKIB MEPETBOPIOBAYl MEXAHIUHUX TMapameTpiB
(nepemillieHb, 00epTaHb, 3yCWJb, TUCKIB, KPYTHHMX MOMEHTIB) B €JEKTPUYHI
CUTHAJIA, IO 3aCTOCOBYIOTHCS B CHCTEMaxX ympaBiiHHSI 00’ektamu. CeHCOpHI
MPUCTPOI 30BHIMIHKOI 1H(OPMAIlT MPU3HAYCHI I OTPUMAHHS BIJOMOCTEH IMPO
CTaH 3OBHINIHBOTO cepenoBuina. IHdopmallist 30uUpaeTbcs 3 JIOMIOMOIOKO
TaKTHJIbHUX, ONTUYHUX, YJbTPa3BYKOBUX, MHEBMATHUYHWUX Ta I1HIINX JaTYHKIB.
InTenexkryanbHi poOOTH, 3aBASKH OCHAIIEHHIO MIKPOIPOIIECOPHOIK TEXHIKOIO,
MOXXYTh CaMOCTIHO KOOpPJMHYBaTH CBOI [ii 13 crpuiiMaHHsAM (OpM, PO3MIpIB,
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CTaHy 1 TOJIO)KEHHA 00’€kTiB. XapakTepHa iX BIACTUBICTh II€ MOKJIHMBICTh
aJIalTUBHOTO MEPENporpaMyBaHHS.

Pi3Hi acmektu 3acTOCYyBaHHA NPOMHUCIOBUX pOOOTIB B  JIETKIH
IPOMHUCIIOBOCTI PO3TJISIIAIOTHCS, SIK TMPaBUJIO, B paMKax THIIOBUX IPOEKTIB
MPOMUCIIOBOTO BUPOOHHUIITBA: BHUXOASYM 3 HASBHUX BUMOT, BHUOUPAETHCS
ONTUMAJIbHUHA BapiaHT, B IKOMY KOHKPETHU30BAHHWN HEOOXITHHM IJIs JaHOI 3amadi
TAN PoOOTIB, I1X KIIBKICTh, HeoOXigHa iHdOpMalliiiHa cucTeMa, a TaKoX
BUPIIIYIOTHCS MUTaHHS 1H(QPACTPYKTYypH >KUBJICHHS (CHJIOBI MIABOJKH, IMOAaya
OXOJIOJKYIOUOi PIAMHU — Yy pa3l BUKOPUCTAHHS PIIUHHOTO OXOJOKCHHS
CJIEMEHTIB OCHAII[EHHS) Ta 1HTerpamii y BUpOOHUYHUM mporec (3a0e3nedeHHs
3aroToBKaMu/HamiB(aOpuKaTaMd 1 TOBEPHEHHS TOTOBOTO  NPOAYKTY B

aBTOMATUYHY JIHIIO JJIS TIepelayul HACTYIHIM TEXHOJIOTI4HIN orepartii).
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YK 685.34.05: 687.05

OIJISIZI TA AHAJII3 IPECOBOI'O OBJIAJTHAHHS 1J151 BAKOHAHHS
OIEPALII MAPKYBAHHSI, KJIEUMYBAHHS TA THCHEHHSI
JTETAJIEN TA BUPOBIB JIETKOI IPOMHCJIOBOCTI

Jlyuuncekuit M.A., [lepBak A.A, ITomingyk O.C.

XMeJbHUIbKU HAIOHAJILHUM YHIBepCUTET

AHoTanisi. Onucylomsbcsi Xapakmepucmuku npecogozo 00JAOHAHHA ma
Muny npuoodis, Wo 3acmoco8yiOmvbCsl 8 HboMY. 30IUCHIOEMbCA 02710 ICHYI0Y020
00JAOHAHHS, WO BUKOPUCHOBYEMbCA HA NIONPUEMCMBAX Ne2KOI NPOMUCTOBOCHI
0J1s1. BUKOHAHHS ONepayiltl MApKy8aHHs, KIeUMySaHHs ma MUCHEeHHs Oemanell ma
8Upobis. Busnauaromocs pesxcumu podbomu npecosoeo 061a0HAHH MA ONUCYEMbCA
WX 11020 YOOCKOHANCHHS 34 PAXYHOK BNPOBAONCEHHS NIHIUHUX eNeKMPUUHUX
08u2zynis 8 sikocmi npusody. Haeoosimucs nepesacu yOOCKOHAIEH020 00IA0OHAHHS.

Karouosi cJI0Ba: JIETKA [TPOMUCIIOBICTD; I[TPUBO/;
TEXHOJIOI'TYHA OIIEPAIIIS, IIPECOBE OBJIAJIHAHHS, JIIHIMHUWMI
EJIEKTPIYHUH JIBUT'YH.

[IIBeitHa, B3yTTe€Ba, TPUKOTAXHA Ta WIKIPSIHO-TAJIaHTEpEHA IPOMHUCIOBOCTI
MaroTh psij creuriuHuX 0coOIMBOCTEH, IO BIAPI3HIIOTH OJHY Tally3b BlJ 1HILOI,
a pa3oM 3 THM ICHYIOTh TEXHOJIOTIYHI TIPOIIECH, SKI MOTPeOyIOTh 00JIaIHAHHS
yAapHOiI 1ii, € COUIbHUMM JUIsi LMX rany3edl. BupyOyBanus Ta mnepdopariis
neTane, KieiMyBaHHA Ta MapKyBaHHsS, BCTaHOBJICHHS MeTalleBOi (ypHITYypu
BUKOPHCTOBYIOTBCS Y BCIX IIUX Tally3sX. MaluHu JjIsl BAKOHAHHS JaHUX Omeparnii
MPOEKTYIOThCS Ha 0a3l 3arajibHUX TEOPETHMYHUX NPUHIMMIIB 1 BMIIIYIOTh
aHAJIOT1YHI €JIEMEHTH CXEM 1 KOHCTPYKIIi.

Ha nmignpuemcTBax Jierkoi MpoOMHUCIOBOCTI MPEICTABICHUN IIUPOKUI CIIEKTP
oOJlafHaHHS 11 BUKOHAHHS PO3IJISHYTHX omepaiiid. Jlane oOnagHaHHsS
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BIIPI3HSAETHCS: TPU3HAYEHHSIM; Jlala30HOM CTBOPIOBAHUX 3yCHJIb; POOOYUM
XOJIOM BHUKOHABUOTO I1HCTPYMEHTY; THIIOM MpPHUBOAY; PEKUMOM pPOOOTH;
CIIO’KMBAHOIO TIOTY>KHICTIO TotIo [1].

B oOmagHanHi BUKOPHUCTOBYETHCS MEXaHIUYHUN, EIIEKTPOMEXaHIYHHM,
riipaBliyHUN Ta THEBMATHMYHUUA mNpuBoAM. BoHO Moxe mpaloBati B
KBa3ICTAaTUYHOMY Ta JIUHAMIYHOMY pexumax poOotu. Ilpu kBazicTaTmuHOMY
pexumi pobotn pobounii opraH pyxaerbcs B wmexax 0,1..0,5 wm/c, npu
TUHaMIYHOMY pexxkumi Oibire 0,5 m/c.

CboronmHi, cepeln CBITOBUX BUPOOHUKIB OZSTY, B3YTTS, IIKIPSHO-
rajJaHTepedHUX BUPOOIB aKTyalbHUM € MUTAHHS CTBOPEHHS MPOIYKI[l BHCOKOI
gakocTi. Taky NOpOAYKIII0 MOKHAa BHUIYCTUTH TUIBKM HA BHUCOKOE(PEKTHBHOMY
oOnaHaHHI.

3 MeTor BUSBIEHHS MUIAXIB MOJIEpHI3aIll HasgBHOTO OOJaJHAHHS Ta
pO3pOOKKM  HOBOrO, TMPOBEAEMO OIS ICHYIOUOro  oOJlaJHaHHS, IO
BUKOPHCTOBYETbCA Ha MIANPUEMCTBAX JIETKOI MPOMHUCIOBOCTI JJii BUKOHAHHS
orepailiii MapKyBaHHs, KJICIMyBaHHsI Ta TUCHEHHS JIeTaliei Ta BUPOOIB.

[ToTpeOu miANpUEMCTB B HAHECEHHI MAPKYBAJIbHUX 3HAKIB BUIEPEIKAIOThH
ICHYIOYl MOKJIMBOCTI JJisi 3a0e3leueHHs BUKOHAHHS omeparlii mMapkyBaHHs. B
OUIBIIOCTI BUIAJKIB, HA MIANPUEMCTBAX 3arajlbHOr0 MAlIMHOOYIyBaHHS, JETrKOi
MIPOMUCIIOBOCTI /I BUKOHAHHS JIaHOI Orepailii BUKOPUCTOBYEThCS 00JIaHAHHS,
ske Oylio BUMYIIEHO NECATKA POKIB Hazajd. [IpoBommmacs oro momepHizarlis,
3’MBIIUIMCA TMPOTPECHUBHI MNPHUCTPOI, SAKI JO3BOJIAIOTH SIKICHO BUKOHYBAaTH
MapKyBaJbHI pOOOTH P13HOI CKJIATHOCTI.

binbm mupoko, o0aagHaHHS SISl BUKOHAHHS omeparllii MapKyBaHHS yJ1apoM
3aCTOCOBYETHCS B 3araJIbHOMY MAalIMHOOY/IyBaHHI. 3a JIOIOMOT0I0 HHOTO HAHOCSTh
MapKyBaHHS Ha JIeTall 13 cTaji, 4aByHy, OpOH3H, alFOMIHIIO, Mifi, CKJIa, IJIACTUKY
1 1HIIMX MarepiajiB MpU BUPOOHMIITBI, HANPUKIAA, MAIIUH Ta MPUCTPOIB IS
noTpeO JIETKOI MPOMHUCIIOBOCTI.

HaiiBimomimmmMu BUpOOHUKAMU JaHOTO oOJagHaHHS € pipMu: «Automator
Internationaly (Itamst), «Edward Pryor» (Anrmis), «SIC Marking» (Itams),
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«Technomark» (®panuisi), «Perfect Laser Co. Ltd» (Kwurait), «Mark First»
(Iseitnapis), « Wuxi» (Kurait), «Houston Alliance» (IlIBeftiapist) Toro.

Jlnsg MapkyBaHHS 1 KJIEHMyBaHHS JeTajeil OoJsiry Ta B3YTTS 13 pI3HHX
MatepianiB BUkopucToByoTh Mamuau K/[B-1-O, 06049/P3 (Yexis), T3F dipmu
«Cirmay (Itamist), Ne 5 dipmu «bycmk» (Anrmis), 341BF ¢ipmu «Sicomec» To1i1o
[1].

OCHOBHUMHU XapakTEPUCTHUKAMU JAHOTO OOJaJAHAHHS €. BUJ MPHUBOIY;
3YCWJUIA MapKyBaHHSI; XiJ] YIapHHUKA; TIOTYKHICTh, IO CIIOKUBAETHCS TOIO. JlaHe
oOJlalTHaHHS Ma€ MEXaHIYHHH, €JIEKTPOMEXaHIYHUW Ta MHEBMATUYHUN MPUBOIU.
Haii6inpimr  po3MOBCIO/KEHUM  MEXaHIYHUH Ta ITHeBMATUYHUNA  MPHUBO/IM.
OOsagHaHHA 3 €JIEKTPOMEXaHIYHUM TMPUBOAOM 3yCTPIYAETBCA B  3pa3Kax
3actapinoro oonaananns. [Ipukiagom moxe 6ytu mamuna KJIB-1-0O.

Takox OgHMM 13 HaMOUIBII PO3MOBCIOKCHHX CIOCOO0IB MapKyBaHHS €
yAapHO-TOYKOBE. TeXHIYHI XapaKTEepUCTUKU JAHOTO OOJIaJHAHHS Taki Xk cami, 5K 1
B 003/ HaHHI /I BUKOHAHHS yJIapHOTO MapKyBaHHs. IX aHali3 MoKasaB, 110 Ha
TENEepilHiil 4Yac BUKOPUCTOBYETHCSA JIBA METOJAM MPHUBEIACHHS B JIII0 TOJOK — 3a
JOTIOMOTOI0 TTHEBMATHYHUX TMPUCTPOiB, IO IOAAIOTH CTUCHEHE TIOBITPS 0
MOJYJIIB 00JIaTHAHHS ISl MApKYBaHHS Ta 3a JOIMOMOTOI0 €JIEKTPUYHUX MArHITIB.

3acTocyBaHHS NPUBOJY 3 BUKOPUCTAHHIM JIIHIMHUX €JIEKTPUYHUX JBUTYHIB
(EMIEKTpUYHUX MArHITIB) Bele 10 30UIbIIEHHS MIBUIKOAIT Ta MPOIYKTUBHOCTI
oOJaHaHHS B I[IJIOMY Ta 3MEHIIIEHHS €HEPTOBUTpAT.

B OuibliocTi BUManaKiB, omepalilo TUCHEHHS JeTajedl onary, B3yTTS Ta
HIKIpraJlaHTepeHuX BUPOOIB BUKOHYIOTh Ha TOMY K OOJIaJIHaHHI, 1O 1 OTepallito
nepdopyBanns. 3okpema 1ie npecu [II'TII-45, 22ES  ¢ipmu  «Schoeny
(Himeyunna), 523 dipmu  «Omacy (Itamist), PP-10 dipmu  «Leibrock»
(Himeyunna), PLT2001 d¢ipmu «Atom» (Itamist) Tomo. IcHye mipecoBe
oOsiaHaHHs, sKe Oe3Mocepe/lHb0 BHUKOHYE JaHy TEXHOJIOTIUHY OIepallito.
[Tpuknagom moxke Oyt rigpasmiunuii npec 730/300S dipmu «Omacy (Itamis),

obnagnanns ¢ipmu «PMF» Toio.
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SIk mokaszaB MPOBENCHUN OIJIAM, B OCHOBHOMY, NJIsi BUKOHAHHS OIeparii
TUCHEHHS JieTajell BUKOPUCTOBYETHCS TiIPABIIYHUI MPUBOJI, ajle 3yCTPIYAETHCS
npecoBe oOiagHaHHs 13 enekTpoMexaHiuHuM npuBoaoM STMI10 dipmu «Omacy
(Itamis)). dipma «PMF» Bumyckae oOmamHaHHS Jj11 BUKOHAHHS JTaHOI OTIeparlii
TUIBKHK 13 TTHEBMaTUYHUM TpuBojioM (Mapku 130, 132, 204, 205, 213, 236, 334,
355). BukmioueHHsm € mpec Mapku 590, sSkuii Ma€ TiAPaBIiYHUA TPHBO/I.
3acTocyBaHHS TPHUBOJAY 3 BUKOPUCTAHHSAM JIHIWHUX EJIEKTPUYHUX JBUTYHIB B
oOaHaHH1 A1 BUKOHAHHS J1aHO1 ornepailii He 3HalJeHO.

Ornsig TeXHIYHUX XapaKTePUCTHUK TMOKa3aB, M0 JaHe MpecoBe OOJagHaHHS
IPALOE B KBa31CTAaTUYHOMY Ta JUHAMIYHOMY pEKUMax poOOTH.

OCHOBHUM CHOXXKHUBA4YE€M E€JIEKTPOCHEPrii B MPECOBOMY OOJaJHAHHI €
€JICKTPUYHUNA JIBUTYH, IO MPUBOJIUTH B 10 OCHOBHI MEXaHI3MU MAaIlIMHH, HACOC
Y1 KOMIpecop ToIo. ToMy, OJHUM 13 OCHOBHHUX HAaIPsIMKIB pO3pOOKH HOBITHBOTO
oOnajHaHHSA € oONTUMi3aliss poOOTH NPHUBOMIB, IO BUKOPHCTOBYIOTHCS
(HampuKiaa, BUKOPUCTAHHS YAaCTOTHOTO KEPyBaHHS pPOOOTOI0 €IEKTPUYHOTO
JBUTYHA) a00 po3poOKa CydaCHUX €HEeprosz0epiraroyux NpHUBOJIIB (BUKOPUCTAHHS
nmiHiMEUX enexktpudHux ABUryHiB (JIE/])). Llelt HanpsmMok npuiHSATHI y CBITOBIM
MPAaKTUIl 1 IHTEHCHMBHO PO3BHUBAETHCS, YOMY AaKTHUBHO CIPHUSIOTH MOIii, SKi
30irMcs B yaci: Ae(iuuT eHepropecypciB, IO HAMITHUBCS, BIQUYTHUW pICT iX
BapTOCTI, CTPIMKHI PO3BUTOK CHJIOBOT €JIEKTPOHIKH 1 MIKPOEIEKTPOHIKH.

Onucanuii OUISIX yAOCKOHAJIEHHS MPECOBOro OOJaJHAHHS BEAE 10
MIJBUIICHHS MPOJYKTUBHOCTI, TIJABUILECHHS HAAIHHOCTI 1 JIOBTOBIYHOCTI,
PEMOHTONIPUAATHOCTI Ta 3MEHIIEHHS CHEPrOBUTpPAT OOJIQJIHAHHS 1 ITIJIBUIICHHS
SIKOCTI BUKOHAHHS TEXHOJIOTIUHUX OTIepaIlii.

BnpoBamxennss JIEJl B ycraTkyBaHHI JUIs BHKOHAHHSA PO3TJISTHYTHUX
TEXHOJIOTIYHUX  OMepaliii  JacTb 3MOTy pPO3POOJISITH Ta  BUTOTOBIATU

KOHKYPEHTO3/]aTHE eHepro3oepiraroue nmpecoBe 00IaHaHHS.
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MODERN TREND IN THE RESEARCH OF THE MIXING
PROCESSES
student Kalynovskyi A.S., assistant professor Ph. D. Huliienko S.V.
National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institutex»

Abstract: The description of the main trends in the researches of the mixing
processes in liquid phase are represented.

Key words: MIXING, AGITATOR, ENERGY CONSUMPTION,
EFFECTIVITY

CYYACHI HAITPAMKHU NPOLECIB 3MIIITYBAHHSA
crynedT Kanmunoscwkuii A.C., got., k.T.H. ['ymenko C.B.,
HaunionanbHuil TeXHiYHUN YHiBepCUTET Y KpaiHU

«KuiBcbKuil nmosirtexHivHui iHcTuTyT iMeHi Iropst Cikopebkoro»

AHoTaniss: HagedeHo onuc OCHOBHUX HANPAMKIE OOCHIONCEHb NPOYecis
nepemiuty8amus 8 piokiu ¢ghasi.

Karouosi cjoBa: I[MEPEMIIITYBAHHAI, MIIIAJIKA,
EHEPI'OBUTPATHU, EOEKTUBHICTbH

The homogenization is main goal in the production of the most products in
chemical industry. The geometrical parameters of the mixing system especially
form of the agitator have a significant influence on the uniformity of the
production and the energy consumption during the manufacturing process. In the
technological line of the potassium chloride production [1] the mixing is used for
the production of the potassium and chlorine pulp, therefore, this process is
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important prat of the whole technology. Therefore, in for the modernization of this
scheme it is necessary to consider the modern trends in the researches of the
mixing processes, based on the scientific publications.

Stelmach and al [2] describe the investigation of the increasing of the power
consumption during the discharging of liquid from mixer with rotating impeller.
The impeller still operate during the discharging with aim to avoid solid particles
precipitation. This study is important since the increasing of the power
consumption may lead to the overheating of the engine and ever its damage. Also
this phenomenon was not beet investigated largely before.

The tests were carried out in the glass reservoir with the plane bottom. The
turbine with the six impellers was installed on the high of 100 mm over the bottom.
The measurements were carried out with using of the measuring system
Velocimetry Image Lacet PIV with two impulse lasers with maximal power of 135
mW.

The results of the experiments, represented in work [2], allow composing the
previous hypothesis about the mechanism of the power consumption increasing
during the operation of the axial impeller during the pumping the liquid in the
reservoir. According to the results of the of the analysis of the velocity distribution
for the liquid level in the reservoir h,=140 mm, the liquid flows in the direction of
the liquid pumping thorough the rotating operating disk, and for h,, = 120 mm the
liquid flows in the reverse direction that is to the bottom of the reservoir. This
takes place when the liquid level over top part of the impeller is about 10-15 mm.
It may be assumed with high probability, that in this moment the layer if the liquid
IS so thin that there is no possibility for closing in it the secondary circulating lines
namely axial-radial circulation. The operating disk accumulates the liquid in front
of impeller. At the same time the liquid flux, which is pumped out from operating
disk zone with relatively high velocity, became flow to the bottom of the reservoir,
changing in this way the direction of the circulation.

In work [3] the experimental research of the dynamics of the flux in the
standard vessel for mixing with the radial partitions, filled in by water with the
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impeller, which pumped water down is represented. The research is mainly focused
on the detection and analysis of the quasi-periodic or periodic low frequency
phenomenon, associated with the orders of the time and length, which are much
grater than frequency of the passing of the knife. This phenomenon is known as
macro-instability of the flux and its significant variations can influence on
structural integrity of the flux and even on the wessel itself.

The turbine type agitator was used for experiments. 2D PIV measurements
were carried out in the limits of 3 chosen planes:

- Plane A-A is situated near the center of the vessel, in front of the
opposite partitions

- Plane B-B is passing thorough center of the vessel at an angle 22.5°
relative to the plane of the partitions.

- Plane C-C- is crossed the partition.

The important conclusion is that fact that there are several “blanking zones”,
which do not participate in general macromixing as in the plane A-A, as in the
plane B-B. One of the “blanking zones” is located under the hob of the impeller
directly above the bottom and the wall of the vessel and another zone is located
near the lover angle of the wall. Further, the “blanking zones” in both planes may
be observed in the region directly under level near the center of the vessel and
directly above the hob of the impeller. The represented research provides the
deeper understanding of the dynamics of the macro-instability, which is induced by
the mixing process in the standard mixing vessel.

In work [4] the general description of the most widely used mixing
processes, hydrodynamical conditions and geometrical configurations of the
mixing equipment, which influence on the process is represented. The
dimensionless characteristics of the of the mixing process were obtained by the
theoretical analysis. These characteristics is used for the evaluation of the
significant set of the experimental data with different configuration of the mixing

equipment.
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Based on the grate set of the experiments is was shown the way in which the
flux caused by the pumping and circulation action of the mixer, influence on the
parameters and energy consumption of the homogenization and suspending
depending from geometrical configuration of the mixing equipment. This
comprehensive review allows optimizing the construction and position of mixing
equipment.

The shape of the wvelocity profile during the unloading of the
hydrodynamically optimized impellers, the directional flux in the cylindrical vessel
with the radial partitions, and its high hydrodynamical effectivity allow using this
operating disk for the increasing of the effectivity of the homogenization and
suspending processes.

Therefore, the main direction of the researches of the mixing processes are
associated with the determination of the mechanisms of energy consumption in the
special regimes and the determination of the hydrodynamical condition and its

influence on the processes effectivity.
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PO3POBKA EHEPTOE®EKTUBHOI CACTEMHU
KOHANMIIOHYBAHHSA HEXKUTJIOBUX ITPUMIIIEHD

Heiimak B.C., Pomanenus T.I1., panak I'.M.

XMeJIbHUIbKUHN HAlIOHAJILHUIA YHIBEPCHUTET

AHoTanisi. /lposedeno 02ns0 icHylOYUX cucmem ONAJeHHS NPUMILYEHb.
Busnaueno nepcnexmu6ni HanpaMKU pO36UMK)Y €KOAO2IYHO YUCMUX CUCTeM
KOHOUYIOHYBAHHA.  3anponoHOBAHO  CUCMEM)  ONAJeHHS  (0X0J00JCEeHHs)
npuMijeHb ma po3paxosano ii napamempu.

Karwuosi ciaosa: EHEPITOE®EKTHMBHICTb; KOHIMIIIOHYBAHHA;
TEIUIOBI TPYBM.

HaykoB1i nenani dacriiie 3BepTarOTh yBary Ha Tl JKepesia eHeprii, siki 10
TEMEPIITHBOT0 4Yacy HE BUKOPHCTOBYBAJUCS B3araji ab0 BUKOPHUCTOBYBAIHCS Y
Ty)e 0OMEXEHOMY CHEKTpi HapOIHOTO rocmojapctBa. OTHUM 3 TaKUX JKepel
€HEeprii € TerIoBa €Hepris MOBEPXHEBUX IIAPIB IPYHTY, BUKOPHUCTAHHS SIKOi HE
3a0py/IHIOE HABKOJIUIIHE CEpPEJOBUIIE. [ BUKOPUCTAHHS J03BOJAE PO3B’A3yBaTH
PST BXKIIMBUX TMPUHIUIIOBUX 33/1a4 MO CTBOPEHHIO BUCOKOSKICHUX, EKOHOMIYHHX,
€KOJIOTIYHO YHUCTUX Ta HAJIMHO TPAIIOI0YUX OO0 €KTIB HOBOI TEXHIKH IO
BIJIMIOBIIAfOTh BUCOKUM BUMOT'aM NIpakTUKH [1].

HeoOxinHicTh mepexoty JIF0JACTBA HA HOBI BHJIU €HEPTil TAaKOXK JTUKTYEThCS
CKOJIOTIYHOIO OOCTAHOBKOIO — JIeTpajalli€lo JOBKLLIL, Hoochepu dvepe3 Te, IO
HaNHOUIBII MOMIUPEH] Cy4acHI METOU ONaJICHHs MPUMIILEHb OB’ A3aH1 MEPEBAKHO
13 3HUILEHHSAM €HEProOHOCIIB, 1110 CYIPOBOIKYETHCS MOTOKOM IIKIIJTUBUX BUKUIIB.

B nponeci iHdopmamiiHOro mouryky OyJu pO3TJSHYTI Cy4acHI CHUCTEMHU
OMAaJICHHs MPUMILIEHb, po0OTa AKUX 0a3yeThCA HA CHAIIOBAHHI €HEPropecypcis,
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10 MIKIJIMBO BIUIMBA€ HAa HABKOJMILIHE CepeAOoBUINE. BU3HAYHMM HampsMKOM
BUPIIICHHS JIaHOI TPOOJEeMU SBISEThCS PO3POOKA HOBUX CHEPro30epirarogmx
€KOJIOT1YHO YUCTHX CUCTEM OMAJICHHS Ta OXOJIOKEHHSI IPUMIIIICHb.

B ocHOBY po60TH MOKJIJI€HO 3aB/IaHHS! CTBOPUTH MPOCTY 3a KOHCTPYKIIEIO
Ta MOHTaXEM €Hepro3oepiraroyy, eKoJOT1YHO YUCTY Ta HAJAIMHO MpaIiody
CHCTEMY OIaJICHHs 1 BEeHTUJIALI1 )KUTIIOBHUX Ta MPOMUCIIOBUX Oy/IiBETb 3
HEOOMEKEHOI0 TITMOUHOI0 PO3TAIlyBaHHS TETIOOOMIHHHKA.

Jlis BUpILIEHHS TOCTaBIEHOI 3ajaul TMPOMOHYETHCS CHUCTEMa OIMaJCHHS
(OXOJIOKEHHSI) TMPUMIIIEHb, IO BKIIOYae B cede OyAIBIIO, MOBITPONPOBOAM
YacTHHA SIKAX PO3MIIlIEHA y TEIJIOOOMIHHUKY B BHJI cUCTeMH “Tpyba B TpyOi”,
MIXK SIKUMH BCTAHOBJIEHO JUCKOBI (DIKCATOPU 3 OTBOPAMHU JUJISl CIIOBUIBHEHHS PYXY
HOBITPA (3 METOI0 MOKPAILIEHHS TEII000MIHY), IPU LLOMY CHCTEMa MOXE OyTH
po3MillleHa B 3eMJI1 MiJ KyTOM JI0 TOPU30HTY, SIKUH KOJIMBa€eThes Bim 45° mo 90°,
10 CYTTEBO CIIPOILYE MOr0 MOHTaX, SIK y BXKE MOOyIOBAHOMY OYAMHKY Tak 1 Mif
yac KWoro OYJIBHMIITBA, TaK SIK JUJISl 1IbOTO JIMIIE HEOOXITHO 3pOOMTH OTBIp 3a
JIOTIOMOTOI0 CTaHAapTHHUX OypiB [2,3].

3 METOI0 NEepeBIPKU JOLIIBHOCTI BUKOPUCTAHHS TEIJIOBOI €HEprii IPyHTY
BUKOHAHO PO3pPaXyHKH TEIUIOEMHOCTI 3€MJIl 1 TEIMJIOBUX BTPAT MPUMIIICHHS B
3MMOBHMI TIEpIOJ POKY SIKI TMOKa3aju, IO KUIbKICTh TEIUIOTH, SKY MOKJIUBO
oTpumaty i3 1M® IpyHTy, nepeBuilye B 5 pa3iB BUTpATH TEIUIOTU IPHMILICHHS,
TeMIiepaTypy skoro notpiono miasummut Q rpynty = 15000 x/Ix > Q BuTpar =
2880 x/Ix.

JUis OLIHKM MOXJIMBOCTEW Ta Mpale3laTHOCTI 3alpOIIOHOBAHOI CHCTEMH,
BHU3HAUEHO TETUIOBUH TMOTIK 1 MOTYXKHICTh €JIEKTPOJBUTYHA BEHTHIIATOPA, SIKUI
3a0e3neduye MUPKYJISII0 TOBITPSI B cUCTeMi. Po3paxyHKH MOKa3aid Mo KITbKICTh
TEIUIOTH, KY MOKJIMBO OJIEpP>KaTH 3 IIapiB IPYHTY 3a OJUHUINIO, YaCy MEPEBUILYE
MOTYXHICTh €JIEKTPOJABUTYHA BeHTHIIATOpa Maixke B 50 pasis, Tak sik Q = 98 Bt

>Ny = 0.8 BT, 1o rapanTye ii peHTabeNbHICTb.
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[IpoBeneHO MWK aHATITUYHUX JOCHTIKEHb, HA OCHOBI SIKHUX PO3pOOJIEHO
MaTeMaTHYHy MOJCINIb 3alPOTIOHOBAHOI CHUCTEMH, 3 METOI OUIBII JICTATILHOTO

PO3TIIAIaHHS TEMITEPATyPHOTO TIOJIS Ta OI[IHKH TETIJIOBOTO TIOTOKY.
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OF CATCHING POLYDISPERSE SOLID EMISSIONS IN A CYCLON BY
SOLIDORS OF THE SOLID SOFTWARE COMPLEX
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Abstract: The existing technological scheme for the production of granular
organo-mineral fertilizers is analyzed according to the general principle to
establish how fully it fulfills the tasks set for technological schemes during their
development. Theoretical calculation of the initial parameters of the steam-gas
flow is performed. According to the results of the calculation, the hydrodynamics
of the motion of solid particles of fractions 10, 5 and 1 mkm was simulated using
the software package "SolidWorks" in the application "Flow Simulation".
According to the simulation results, their theoretical substantiation was
performed.

Keywords: closed loop, solidworks, flow simulation, motion
hydrodynamics, modeling, boundary conditions, physical model, fraction,

trajectory, theoretical substantiation, resulting.
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HauionanbHui TexHiYHMI yHIBepcuTeT YKpaiHu

"KuiBcbKuil nmoJritexHivuui iHcTuryT imeHi Irops Cikopebkoro'

AHoTauin: [lpoananizoéana icHyroua mMexHONO2IYHA cXeMma 3d BUPOOHUYMEOM
2DAHYTIbOBAHUX OP2AHO-MIHEPAIbHUX 000pU8 3a 3a2AlbHUM NPUHYUNOM OJd
B8CMAHOBIEHHS HACKIIbKU NOBHICIMIO 60HA BUKOHYE 3A80AHHSL, AKI 8UCYB8AIOMbC Ol
MEeXHON02IYHUX ~ cxeM  npu  ix  pospobyi.  Bukonano  meopemuunuii
PO3PAXYHOKMNOYAMKOBUX NAPAMEMPI8 Napo-2a308020 NOMOK). 3a pe3yibmamamu
PO3PAXYHKY 3MOOENb0BAHO 2I0POOUHAMIKY PYXY meepoux yacmunok gpaxyiu 10, 5
ma 1 mxm, 3a donomozor npoepamnoco komniexkcy «SolidWorks», B gomatky
«Flow Simulation» 3a pesyrbomamamu modentosants, 610 UKOHAHO Meopemuit
ix meopemuune 0OIPYHMYBAHHAL.

KawuoBi caoBa: 3amkuytuit 1wmkia, solidworks, flow simulation,
TIApOAMHAMIKA PYXY, MOJEIIIOBAaHHS, TPAaHUYHI YMOBHU, (P13MYHA MOJEIb, (PpaKiis,

TPAEKTOPIsl, TEOPETHUUHE OOTPYHTYBAHHS, pE3YJIbTyIOYa.

Introduction. Dust collection technology, in the General case, is a set of
interrelated stages. Its purpose is to achieve the standards of MAE of suspended
solids and the elimination of secondary environmental pollution by captured
substances by their recovery or disposal [1].

When developing technological schemes of dust collection there is a need to
solve the following tasks:

1) establishing the mechanism and dynamics of the formation of suspended
solids; determination of the composition, parameters and amount of gases;
determination of conditions for removal of gases from the source of emission;
possibilities of localization of emissions taking into account design and
technological features of the equipment and processes;

2) selection of parameters, schemes and devices that ensure the preparation

of gases for purification;
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3) justification of the required degree of purification; the choice of method,
scheme of dust collection and types of devices, taking into account the costs of gas
purification and the effect of them; establishment of parameters of the process of
dust collection and means of their regulation;

4) the choice of method and means for unloading and transportation of
captured dust and sludge, taking into account their properties and local conditions;

5) identification of ways to use the captured dust, sludge, vapors, etc.,
excluding secondary pollution of the environment;

6) control of efficiency of dust collecting installations and observance of
norms of GDV.

To solve the set tasks, the existing technological scheme for the production
of granular organo-mineral fertilizers has been fully considered [2-4]. According to
these criteria, it has disadvantages related to the purification of granulation
emissions, namely dispersed dust particles and water vapor in the vapor-gas
mixture. Their reasons are the existing in the technological scheme cyclone, which
does not provide a sufficient degree of dust collection - losing valuable
components of the granules, in the form of dispersed dust, which does not
completely solve problems 3 and 5. In addition, the cyclone, which has design
features for dry cleaning, passes available in the coolant water vapor, which in the
liquid state was a solvent in the initial working solution, which for this component
does not solve problem 5. Therefore, for reasons of resource conservation, these
components entering the cyclone must be returned to the production cycle by
recycling [5].

Analyzing the technological scheme, we come to the conclusion that the
cyclone needs technical refinement. It must provide a sufficient degree of capture
and condensation of water vapor. The main problem of this problem is that the
steam comes with a significant flow, which does not allow to condense it fully
only by a direct method - the installation of a cooling shell, which would require a
heat transfer surface that would significantly exceed the surface of the cyclone.
Therefore, a comprehensive approach is needed, which, in addition to the surface,
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attracts bulk condensation on the droplets of cooled liquid irrigated through the
nozzles, which further increases the degree of dust collection. To ensure the return
of components to the production cycle, the costs incurred for the implementation
of both methods of condensation must be the result of the recycling of liquid and
vapor-gas streams moving in the process scheme.

Process modeling For this purpose there is a need to study the
hydrodynamics of flow and the behavior of particles in the cyclone by their
software modeling. The SolidWorks software package was used for this purpose,
using the Flow Simulation application. Modeling of particle motion in Flow
Simulation will allow to identify problem areas of the cyclone, in order to further
improve it.

At the beginning of the simulation, the initial parameters of the coolant and
particles at the entrance to the cyclone are calculated [2, 3, 7]. They are needed for
modeling in the software package "SolidWorks" when calculating the
hydrodynamics of flow in a cyclone, using the application "Flow Simulation” [6].
This procedure is necessary to show a picture of hydrodynamic parameters and
local study of the behavior of solid particles of different fractions in the cyclone
cavity.

Simulation in the application "Flow Simulation" is performed in three
stages. On the first — a 3D model of the cyclone is created according to standard
sizes, the main of which are: the height of the cyclone — 490 mm; case diameter —
150 mm; diameter of the outlet pipe — 90 mm; inlet pipe — 30x80 mm. On the
second — the actual modeling task is performed. The action and direction of the
force of gravity are taken into account. Air is selected as the calculated fluid, the
surface roughness of 5 mkm is set. Boundary conditions at the inlet: volume flow
rate of 0.056 kg/m? (201.96 m3/h); flow velocity 23,4 m/s; medium temperature 80
°C. Output: ambient pressure 101325 Pa. And on the third - the results are
displayed and processed, where the calculation of particle parameters is performed
separately according to their initial data: mass flow of solid particles at the
entrance 1,333-10* kg/s (0,48 kg/h); particle temperature 80° C. The physical
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model is set — sticking and erosion. Conditions on the walls — reflection with
slipping. Calculations were performed sequentially for each of the fractions of 10
mkm, 5 mkm, 1 mkm.

Figure 1 shows the result of the calculation, after processing which showed
the direction and distribution of the flow of solid particles fractions of 10 mkm (a),
5 mkm (b), 1 mkm (c).

Figure 1 — The results of the calculation of particle motion fractions of 10 mkm (a), 5
mkm (b), 1 mkm (c)
The trajectory of particles. The results show that the trajectory of the
particles in the projection of the cross section has the form of a flat spiral that
unfolds outward. And in the projection of the longitudinal section drawn through

the axis — a continuous cylindrical-conical spiral, which folds downward (Figure 1,

3) [7].
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Figure 2 — The motion of particles under the action of the resulting force R, which

lies in the plane perpendicular to the spiral trajectory

This nature of the motion of particles is due to the action of an equivalent
force R, which is the result of the combined action of centrifugal force C and
gravity G = mg, lying in a plane perpendicular to the trajectory and does not pass
through the cyclone axis (Figure 2, 3).

Theoretical substantiation. The results of the calculation show that the
particles of the 10 mkm fraction, reaching the walls, settle mostly on the
cylindrical part, accumulating near the boundary of the cylindrically conical
transition (Figure 1 a). This is due to the fact that these particles, having a
significant weight Gjo, are more susceptible to the action of centrifugal force Cjs.
Therefore, their equivalent Ry is inclined to the conical part at an angle o close to
90°. This causes a sharp increase in the friction of the particles in this area, which
complicates their transportation down the path to the receiving hopper.

Particles of the fraction of 5 mkm in addition to the cylindrical, reach the
conical part — settling on them. These particles have a lower weight Gs, so they are
less subject to the action of centrifugal force Cs, which means that their equivalent
Rs will be less than Rio, and will be inclined at an angle a to a conical part greater
than 90°. Thus, the friction of these particles against the conical part is reduced,
which allows them to reach the receiving hopper by moving on it.
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Particles with a fraction of 1 mkm, have a critically low weight G, that the
action of the centrifugal force C; on them has little effect. Thus, the equivalent R1
will be inclined at such an angle to the walls that the friction between the particle
and the walls will be reduced so much that it will not allow them to attach to them.
In particular, the angle a between the equal R1 and the conical part is much greater
than 90°, and for the cylindrical even more so. And this causes particles to slip
along the walls and bounce off them. Due to this, the particles are removed from
the apparatus through the outlet fitting together with the exhaust gas, without
reaching the receiving hopper.

It is noteworthy that, as assumed, this nature of the motion of particles
caused by a change of equivalent for each fraction, both modulo and direction, why
the reason is that the moving gas for the particles moving in it is a rotating non-
inertial frame of reference that moves with an acceleration that at least changes
direction. This means that the centrifugal force acting on the particle increases its
weight in one direction and decreases it in the other, compared to the stationary
one. Therefore, in a stationary system, with a significant difference between the
particle weight fractions of 10, 5 and 1 mkm, which decreases accordingly; in a
rotating system, these indicators may differ for them. In particular, as the
simulation shows, the particle 5 mkm, in the rotating system, in the downward
direction, moves faster than the particle 10 mkm. This suggests that in this rotating
system, the particle 5 mkm weighs slightly more than the particle 10 mkm, which
in principle allows the construction of power characteristics as shown in Figure 3

. Summarizing the above, we give a general picture of the change in
direction and modulus of the equivalent force acting on the particle, which is

shown in Figure 4.
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Figure 3 — Change of equivalent and its direction depending on the fractions
of 10 mkm (a), 5 mkm (b), 1 mkm (c)
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Figure 4 — Generalized picture of the change of equivalent for the considered

fractions.

Conclusions: The analysis of the technological scheme showed that the
cyclone, which it is equipped with, reduces its efficiency in terms of MAE and
resource conservation. Modeling of the cyclone showed that the hydrodynamics of
the motion of particles 10, 5 and 1 mkm is unacceptably different, which affects
the efficiency of their capture as a whole. Theoretical substantiation proves that
this nature of the motion of particles given by the fraction is caused by both the
force characteristics and the design of the cyclone. Due to this, this cyclone needs
design refinement to improve the hydrodynamics of particle motion,

To solve the tasks in this cyclone it is necessary: to increase the degree of
capture, to intensify the removal of particles from the walls, to condense steam on
the walls and throughout the interior. To implement the tasks, the cyclone must be
equipped with a cooling shell and irrigation nozzles, the input streams of which are

the result of recycling of those moving in the circuit.
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Y]IK 676.058.1
BAPIAHTH 3ACTOCYBAHHS KJIEMOBUX MPECIB ¥V
BUPOBHUIITBI KAPTOHY

cryneHt Jluciit B.; x.1.1., nouent Cemincekui O.

HaunionanbHUil TeXHiYHUI YHiBepCUTET Y KpaiHu

«KuiBcbkuii nojiitexHiyauii incturyT iMeni Iropst Cikopcbkoro»

AHoTanisgs: Onucano eapianmu  3aCMOCYB8AHHA — KIELIbHUX  Npecis.
3aznaueno cnocobu NpoKNErO8AHHS KAPMOHHO20 NOJOMHA MA BIOMIYEHO OesKi
ocobaueocmi  ix NPOMUCI0B020  3ACMOCYB8AHHA. AKYeHmosaHo yeazy Ha
O00YiNbHOCMI NOOANLULOZO PO3BUMKY MEXHON02IU Ma KOHCMPYKYI 001A0OHAHHS
07151 BUPOOHUYMBA KAPMOHY, 30KpeMa KAeilbHUX Npecie.

Kmouosi cmoa: KAPTOH, KJIEM, IIPEC, ITPOKJIEFOBAHHS,
[TOJIOTHO.

Abstract: Variants of application of size presses are described. Methods
of sizing a cardboard web are specified and some features of their industrial
application are noted. Emphasis is placed on the feasibility of further development
of technologies and designs of equipment for the production of cardboard, in
particular size presses.

Keywords: CARDBOARD, GLUE, PRESS, GLUING, SIZING,
CANVAS.

JInis HajaHHS KapTOHHOMY MOJIOTHY CIEIlialbHUX BJIACTUBOCTEH, a came
MIJBUIIICHHS MIIHOCTI, CTIHKOCT1, BOTHETPUBKOCTI1, BOJIOTOCTIMKOCTI, MOKPAIICHHS
JIPYKapChbKUX SKOCTEH TOIIO, BUKOPHUCTOBYIOTH KJICIIbHI NMPECH, BCTAHOBJICHI B
KIHI[l CYyIIMJIbHOT YACTUHHU KapTOHOPOOHOI MamuHu. CyXiCTh KAPTOHHOTO MOJIOTHA
nepea oOpoOKOI0 Ha KJIEIIbHOMY IIpeci Mae craHoBUTH He MeHiie 70 %, a,
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BpPaxoOBYIOUM 3BOJIOKEHHs MOJIOTHA MPHU MPOKJICIOBAHHI, JOIIBHO MiATPUMYBATH
cyxicTb B Mexkax 88...95 %. lle mosAcHIOEThCS TUM, IO MPHU CYXOCTI KAPTOHHOTO
nosiotHa MeHme 70 % mpu  J0MaTKOBOMY 3BOJIOKEHHI 301IBIIYETHCS HMOTO
oOpuBHICTh. KpiM 11p0T0, 32 3HAUHOTO MOYATKOBOTO BOJIOTOBMICTY 301BIIYETHCS
€HEProEMHICTh IPU AOCYIIYBaHHI MOJIOTHA MICIs MpoKJIetoBaHHs [1].

B TpaAUIIITHUX JIBOBAJIbHUX KJICTJIbHUX rnpecax HaHECEHHS
IPOKJICIOBAJILHOT KOMITO3UILIi Ha IOBEPXHIO IOJIOTHA-OCHOBHU B1JI0YBAa€ThCs 3a
JIOTIOMOTOI0 CHPHUCKIB a00 K 3HSATTSM KOMIIO3UIIIi MOJIOTHOM 3 TOBEPXHI BalliB,
3aHYpPEHUX B PO3YMH KJEIO 3 MOJANbIIMM BIITUCKAHHAM HAJJIMIIKY KIJICHO MIXK
BaJaMH Ipeca.

[I1iBKOBUM  KJIEIMBHUM  Tpec, MPU3HAYEHUH i1 [OBEPXHEBOIO
IPOKJICIOBAHHS, MITMEHTALll 1 KpeiayBaHHs KapTOHY. Y TakOMy Ipeci HAaHECEHHS
NOKPUBHOI Macu 3A1MCHIOETbCA (OPMYBAHHSIM Ha IIOBEPXHI MPECOBOTO BalLy
P1AKOT IUTIBKM 33JaHO1 TOBUIMHH, KA MMOTIM MEPEHOCUTHCA Ha KapTOHHE MOJIOTHO,
110 3HaXOAUTHCA B IPOMDKKY MIX BajaMu. TOBIIMHA P1AKOL TUIIBKM BU3HAYAETHCS
JI03YIOYMM CTPHKHEM PI3HOTO J1aMEeTpy 1 3 HAPI3KOKO pi3HOro npodiiro [1].

L1i mpecu 3abe3neuyroTh [1]:

- IUPOKUH Aiama3zoH pobouux mBuakocten — Big 100 mo 1800 m/xB.;

- MOXKJIMBICTh HaHECEHHS MOKpMBHOI Macu Bix 0,05 1/M? (IPOKJIEIOBAaHHS)
10 40 /M2 (kpelimyBaHHs) Ha KOKHY CTOPOHY;

- poboTa 3 TOKPUBHUMHU KOMMO3UIIsiMU B’ s3KicTio Bif 1,0 1o 2000 mlla-c;

- MOXJIMBICTh BUKOPUCTAHHSI MOKPUBHUX KOMITO3MIIIIl 3 BUCOKUM BMICTOM
CYXUX PEYOBUH.

BankoBuii crioci0 HaHEeCEHHsI MOKPUTTIB 3aCHOBAHUW Ha BIJIHECEHHI IIapy
PIAMHU, IO PYXA€ThCS TBEPAOIO MOBEPXHEIO (MOBEPXHEIO BajIlKa a00 OTMHAIOYOTO
HOro KapTOHHTO IMOJIOTHA) 3 MOAAIBIIMM MOXKJIMBUM NEPEXOJIOM PIAMHM Ha 1HIILY
TBEpAy MoBepxHio. He3Baxkaioun Ha CBOIO MPOCTOTY, LIEM crociO, BiAPI3HAETHCA
THYYKICTIO: HOT0 MO’KHA 3aCTOCOBYBATH [JIsi PO3YMHIB, IUCHEPCI 1 HaBITh
pO3IUIaBiB MoJiiMepiB. BalkoBUM clocoOOM MO>KHAa HAHOCUTH TOKPHBHI CKJIaJIu
B'SI3KICTIO BiJl JIEKIJTBKOX MULIINACKaleH-CeKyH A0 JIECITKIB MacKajieh-CeKyHI
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IpyU MIBUAKOCTI PyXy MOJIOTHA BiJl ECATKIB CAaHTUMETPIB Ha XBWIHHY 10 800
METpIiB Ha XBUIHHY [1].

[laGepHuii crnocid HaHECEHHsS TMOKPUTTIB 3aCHOBAHWN Ha BUJAJICHHI 3
MOBEPXHI MOJIOTHA HAAJUINKY MOKPUBHOI Macu 3a jomnomororo mmabepa. Ilepen
m1adepHUM MPUCTPOEM MOKPHUBHA Maca B HAJIUIIKY HAHOCUTBHCS Ha MOJIOTHO, 1110
IPOXOJUTH Yepe3 BaJIKOBY CHUCTEMYy a00 uepe3 BaHHY 3 MOKPHMBHOIO CYMIIIIIIO.
[ITaGepHi mpUCTPOi AO3BOJSAIOTh HAHOCUTH MOKPUTTSI IIPU MIBUAKOCTI KAPTOHHOTO
nosiotHa 10 1500 m/xB [1].

[cToTHHI HenoNK B PoOOOTI KIEIIBHUX MPECIB BCIX THUIIB IMOJSTae B
YTBOPEHHI CKJIAJIOK Ha MOJIOTHI, TOMY Ha BUXOJl 3 KJECUIBHOTIO Ipeca KapTOH
IPOXOJNUTH CIELIabHI PO3TIHHI BAJMKH [JIs BUPIBHIOBaHHS MOBEpXHI. Banuku
OOJIMLIbOBYIOTHCSl CHJIIKOHOBUM MOKPUTTAM JUIsl 3amoOiraHHs MNpUIMIaHHS 10
HBOT'O IOJIOTHA 3 HAHECEHOI0 Ha HbOI'0 KOMIO3MIIi€0. 3 TI€l )Xk NPUUMHU PO3TiHHI
BAJIUKYU 1 MEPIIUN TOCYIIyBaJIbHUNM LUJIIHIP BCTAHOBJIIOIOTHCS Ha Takikl BiAcCTaH1
BiJI IIpeca, 100 3a0e3MeYnTH YaCTKOBE 3aTBEPAIHHS KICHOBOI IUTIBKH.

BpaxoByroun 1CTOTHI €KOJIOT14HI MpoOJieMu, MOB’si3aHl 13 3a0pyIHEHHAM
HAaBKOJIMIIIHROTO  CEpPEAOBHUINA TMOJIMEpaMU 1 3pOCTaloui  TEeMMH  I[OTO
3a0pyJHEHHsI, JIIOJCTBO B aKTHUBHO NEPEXOJUTh Ha BUKOPHUCTAaHHS Hamepy Ta
KapTOHY, K O€3MeYHy albTEepPHATUBY, OLIBII IPYKHIO 10 ekocucTeM. Lle Bukinkae
HEOOXITHICTh 3a0e3MeueHHs OUIBIIOI BaplaTUBHOCTI BJIACTUBOCTEW KapTOHHO-
MarnepoBOi MPOAYKIli, IO CTUMYJIOE PO3BUTOK TEXHOJOTIM Ta O0OJaJHaHHS.
BrockoHaneHHs KOHCTPYKLIA KJIEIIbHUX MpPECiB Ta Mojajblia po3poOka HOBHX
METO/IIB MIPOKJICIOBAHHS MANEpPOBOT0 Ta KAPTOHHOTO IMOJIOTHA JIOLJIbHA ChOTOJIHI,

Ta OyJie aKTyalIbHOIO B MAalOyTHHOMY.
ITepenik mocuirank:

1. BHHUHUB - TexHosorus EIIOII03HO-0yMaXHOTO MPOU3BOJICTBA.

CnpaBounble MaTepualibl. B 3-x ToMax. Tom 2. Yacts 2. Cub: JITA, 2005. — 425 c.
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V]IK 66.045.132, 697.921.4
PARAMETERS OF THE GRID OF THE PLAIN WEAVING FOR
THE NOZZLE OF THE REGENERATIVE HEAT EXCHANGER
master student Yevziutin P. Y., Ph.D., senior lecturer Dvoinos Y.G.
National Technical University of Ukraine
""Kyiv Polytechnic Institute"

Abstract: Regenerative heat exchangers have such disadvantages as low
heat transfer coefficient from the nozzle to the gas and high hydraulic resistance
due to the design of the nozzles. The mesh nozzle, to some extent, can eliminate the
regenerator of these shortcomings. The braided mesh nozzle has a small hydraulic
resistance and a large heat transfer surface.

The process of heat and mass transfer in a regenerative heat exchanger is
considered. A series of simulation numerical experiments was performed.

Key words: REGENERATIVE HEAT EXCHANGER, NON -
STATIONARY HEAT EXCHANGE, HEAT TRANSFER COEFFICIENT.

IHAPAMETPH HACAZIKH 3 CITKHA ITIOJTOTHAHOI'O IIVIETIHHSA
PETEHEPATUBHOI'O TEIINTOOBMIHHHUKA

maeicmpaum €63romin 11., k.m.u. /{gotinoc A.

Anomauin. IlpoexmysanHs mMeni00OMIHHUX aANApamis peceHepamopHo20
muny Ol Meni000MIHY MIdHC 2a3amu YCKIAOHEHUU HU3bKUM KoeqiyieHmom
mennosiooaui ma 3HAYHUMU SUMPAMAMU HA NOOOJAHHS 2IOPABIIYHO20 ONOPY
Hacaoku. llepwuii Hedonik 30inbUlye po3mipu anapamy i, 8i0N0GIOHO KANiMAabHi
sumpamu, Oopyeutl 30iibulye excnayamayiuni. /s o06IpyHmosanozco eubopy
2IOPOOUHAMIYHO20 PENCUMY V Pe2eHepamopi menja 2dsié 3 cimuacmor Opomo8o
HACAOKOI NPOBEOeHO Cepito CUMYIAYIUHUX eKCNEPUMEHMIB 3 PISHUMU PedCUMaMU
PYXy  MenjoHocis,  pe3yibmamu  y3a2anibHeHO 6  Quenadi  KOPeNayituHux
3anedcHocmeti Ol BU3HAUEHHs Koeiyichmy mennosiooaui ma 2i0pasiiyHoco

onopy.
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Kurouosi cJIoBa: PET'EHEPATHUBHUM TEIIVIOOBMIHHUK,
HECTAIIIOHAPHUH TEIJIOOBMIH,KOE®IIIEHT TEIUIOBIJJIAYI.

The physical model of the heat exchange process in a regenerative heat

exchanger with a metal mesh of linen weaving is shown in Fig. 1.

dn e

® 0O 0O O 4§
D O O O O

{}:‘F
- O OO0

~—

T-i1 [t
Q.ir — air flow at the inlet to the regenerative heat exchanger, m%/s; Ti, — air
temperature at the inlet to the heat exchanger, °C; @i, — relative humidity at the
inlet to the heat exchanger, share; Tout @out — OUtlet air parameters; dyire — grid wire
diameter, m; Sy, — grid weaving step, m; S, — step between grid layers, m; D —
diameter of the heat exchanger, m; n — the total number of layers of the grid
Figure 1 — Physical model of heat exchange process in regenerative heat

exchanger with linen mesh nozzle

The following assumptions are made:

1. temperature and concentration in homogeneity in the cross section of the
regenerator channel are absent [1];

2. the influence of thermal conductivity in the axial direction at the contact
of the nozzle elements on the temperature profile of the nozzle is insignificant [2];

3. The operation of the regenerator occurs in the absence of moisture
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condensation processes.
Heat balance between the layer of air located between the layers of the

nozzle and one layer of the nozzle of the regenerator:

o 7rDZSL
air_i 4
D2

AIwire = prirecpwire (T (T + AT) -T (T))

Al p(iair_i+1_iair_i)

: (1)
Al = Al :a(fair —fwire)”TDzs At

wire gh

_ zD?%S,
4Qair

where puire — Specific weight of a grid of linen weaving, kg/m?; Sq, — specific

AT

surface of a grid of linen weaving, m?/m?; At — time of stay of air in an interval
between layers of a nozzle, s.

The analytical solution of system (1) is complicated by the uncertainty of the
heat transfer coefficient from the surface of the nozzle to the gas. For the model of

gas heat regenerator, the range Re = 0.01 + 600 was chosen, and the regularities

obtained were used. D.C. Collis and M.J. Williams [3]:

-0,17
NU(T—mj = A+ BRe"
T

g

a=(A+ BRe“)(%)G—mTH

g

: (2)

where Nu and Re — similarity criteria, A, B, n - coefficients that depend on
Re and nozzle parameters; Tgas — gas temperature, K; Tsiig — nozzle material
temperature, K.

Conditions for modeling processes in a heat regenerator can be the
regeneration coefficient g = 0.96 [1] and the average temperature difference
between the nozzle and the gas 1.5 K [2]. The grid is selected with a cell size a =
1.6 mm, wire diameter dwi.=0,4 MM, material AISI 430, the distance between the

grids in the package is 0.001 m.

154



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

The result of a series of simulation experiments using CFD modeling is

shown in Fig. 2.3.

Figure 2 — The result of CFD modelling in convective heat transfer of a gas

stream with a cylinder of small diameter

80

Heat transter coellicient, W/(m*K)

Heat transter coellicient, W/AmIK)

0 10 20 30 a0 40 140 240 340 440

Re Re

o — the result of the experiment; — approximating curve

Figure 3 — Correlation dependences for a series of simulation experiments

The coefficients are obtained A, B, n for equation (2): Re<40 A=0,095;
B=0,012; n=0,75, attached to Re>40 A=0,17; B=0,005; n=0,82.

Conclusions A mathematical model of the heat exchange process between
the air layer located between the nozzle layers and one regenerator nozzle layer is
formulated, correlations are obtained to determine the heat transfer coefficient
under different hydrodynamic conditions for 0.4 mm wire mesh, 2 mm mesh pitch,

mesh placement step 1 mm.
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EVALUATION OF EFFICIENCY OF USING A PLATE HEAT
EXCHANGER FOR COOLENSATE OVERCOOLING IN A STEAM
COMPRESSION REFRIGERATOR
master student Italiantsev O., senior lecturer, Ph.D. Dvoinos Y.
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Abstract: The efficiency of using a plate condensate regenerator in a steam
compression refrigeration machine for theoretical and real processes was
evaluated using a numerical experiment and Emerson Climate Technologies
SELECT 7 software (V.7.0).

Key words: PLATE HEAT EXCHANGER, STEAM COMPRESSION
REFRIGERATOR, THERMODYNAMIC ANALYSIS.

OIIHKA E@EKTUBHOCTI BUKOPUCTAHHS
INJNIACTUHYACTOI'O TEINVNIOOBMIHHHUKA JJIA
MEPEOXOJOJKEHHSI KOHJIEHCATY Y APOKOMIIPECIHHIN
XOJIOTNJIBHIN MAIIINHI

maricrpanTt Itanbsanues O.1., K.T.H., cT.BUKJI. JIBoiiHOC S.T'.

Anomauis. Ilposedeno OYIHKY eghexkmugHocmi BUKOPUCTNAHHA
NIACTMUHYACMO20 De2eHepamopy KOHOeHCamy y NapOKOMNPeCiluHill X0JI00UNbHIl
MAWUHI 0Js meopemu4Hoco ] PeabHO20 npouecie 30 00ONOMO20I0 HUCI0B8020
excnepumenmy I npoepamuoco 3abesnewennss Emerson Climate Technologies
SELECT 7 (V.7.0).

Karouosi cJjoBa: [UIACTUHYACTUI TEITJIOOBMIHHUK,
[IAPOKOMIIPECIMIHA XOJIOAUJIbHA MAIIINHA, TEPMOI{I/IHAMI‘—IHI/IPI
AHAJIT3.

Reducing the specific energy consumption of a steam compression
refrigeration machine by installing an internal condensate supercool heat

exchanger saves energy over a long period of operation, and at the same time
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increases the cost of equipment, so clarifying the calculation of the supercooler and

analysis of its operation are important.

To optimize the choice of design and parameters of the regenerator, modern
CFD systems (Computational Fluid Dynamics modelling) [1] have recently been
used, which allow to conduct simulation tests and obtain the necessary laws for
engineering calculation.

The scheme and cycle of steam compression refrigeration machine (SCRM)

with a regenerator are shown in Fig. 1.
2 /

O

1 - compressor; 2 - capacitor; 3 - regenerator; 4 - throttle; 5 — evaporator
Figure 1 — Scheme and cycle of SCRM with regenerator
The theoretical efficiency of the regenerator can be assessed by changing the
thermodynamic efficiency of the refrigeration machine from the specific heat
output of the regenerator, and presented as a function of:

COP_
— real _ f ’ 1
N=Som (a.) @

Carnot

where COPcamot — the refrigeration coefficient of SCRM according to the Carnot
cycle on the temperatures of condensation and boiling of freon. The theoretical
range of change g, from 0 to Cpr (75 — T3), J/Kg.

Let's conduct a numerical experiment for freon R22: molar mass M = 86.47-10
3 kg/ mole; Rrzz = 96.2 J/(kgK): Ts =25°C (298 K); T1 = -25°C (248 K).
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Using the program of calculation of thermophysical parameters of the firm
SOLVAY [7]:

Theoretical cooling coefficient for the given cycle:

COPR

theor

:%—1:3.68. )

Refrigeration coefficient according to the Carnot cycle on the temperatures of
condensation and boiling of freon:
T

COR.,, ,=——=4.963. (3)
3 _Tl
Theoretical efficiency of the SCRM cycle with a regenerator:
COPR 3.68
=0)= theor . — =0.741. 4
T]theor (qr ) COP 4963 ( )

Carnot

Given the slight change in heat capacity in the range of the regenerator Cp(T; =
-25°C, p1 = 0.201 MPa) = 0.6517; Cp(T4 = 25 °C, p1 = 0.201 MPa) =0.6778 it is
possible to make assumptions about the invariance of the adiabatic coefficient and
the values of heat capacity of the working fluid in the ranges of use of the
regenerator. Python 2.7 software is used to automate calculations (2) - (7). A series
of local values of the theoretical efficiency of the SCRM cycle with a regenerator
from the specific thermal power of the installed regenerator is obtained, Fig.2.

The real processes in SCRM differ from the theoretical ones: the actual specific
work of compression for the adiabatic process and can be determined, W/kg:

L, = Mg Miecnl 2 = 0,661, ., (%)
where ning — indicator efficiency, for selected conditions we accept 0.79 [2]; Nmech
— efficiency of conversion of electric energy into mechanical and overcoming of
forces of friction, in the tight spiral modern compressor for the chosen conditions
we accept 0.84 [2].
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0.79

Theaoretical thermadynamic efficiency

o SO00 10040 15000 20004 25000 E0000
Specific load of the condensate supercooler, Jikg

Figure 2 — Graph of local values of theoretical efficiency of SCRM cycle with
regenerator from its specific thermal power for conditions of numerical experiment
The selected values for the efficiency of the compressor correlate well with the
data of DWM Copeland, for example for the model of the compressor ZF15K4E-
TFD, the efficiency of conversion of electrical energy into compression in the
compressor under selected cycle conditions without regenerator was

COP 2.29

real —
COP,.. 3.68

T]ind T]mech = = 0622 (6)

The real process with the regenerator has a significant discrepancy with the
theoretical one due to the hydraulic resistance, fig. 3.
Theoretical value of hydraulic resistance [3] without taking into account the

pressure loss in the manifold, Pa:

fLpW ?
Ap = : 7
p 20, (7)
where f — coefficient of friction; p — the density of freon under selected conditions,
kg/m3.
64 1,22 0,3164
freczz00 = R_e; Re>2300 — W’ f s000-Rest0000 = W (8)
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Apiiq — the pressure drop in the regenerator on the condensate (supercooled), Apgas —
pressure drop across the vapour phase (overheats)
Figure 3 — Scheme and cycle of SCRM with regenerator and taking into account
hydraulic losses in regenerator
The specific power loss of the compressor to overcome the hydraulic resistance
of the regenerator is estimated, W:
Iadd_komp = &nindnmech' %)
p
The heat transfer coefficient between the liquid and vapor phases was
calculated with the assumption

Nu asQ\‘ as
k ~ agas = gd : ’ (10)
|

where Nusselt's criterion:

4.\
NuRe<24oo:1-67(RePrfj ; (11)

NU s pu00 = 0.023Re%® Pro?,
Using Python 2.7 software to automate calculations (7-11), accepting G =1
kg/s, Re=10000, and taking into account the real efficiency of the SCRM cycle,
local values are obtained for the dependence of the efficiency of the real cycle on

161



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

the hydrodynamic mode of movement of the vapour phase in the regenerator and

the thermal power of the regenerator, Fig. 6.

Plate heat exchanger Re = 10000 gap of 1 mm

0.490

SCREM cycle efficiency

0.485 1

0.480 4

0.475 1

0.470

0,463 1

e 5 10 15 20 25
Current length of condensate supercooler channels, m

Figure 6 — Calculated local values to determine the efficiency of the SCRM cycle

at Re =100000, 6=1 mm from the current length of the regenerator, m
The parameters of the regenerator with a length of 0.5 m are interesting for
engineering practice. The results of the calculation for it are: heat transfer
coefficient - 34.8 W/(m2K); heat exchange area at a cost of 1 kg/s - 19.1 m?
regenerator power at a cost of 1 kg/s - 16465 W; channel width at a cost of 1 kg/s -
19.1 m; steam temperature at the outlet of the regenerator - 0.26 °C; the average
steam velocity in the regenerator channels — 6.17 m/s; channel length — 0,5 m;
hydraulic resistance — 206.7 Pa; theoretical pumping capacity 1 kg freon through
the regenerator — 24.41 W; cycle efficiency SCRM — 0.48 (without regenerator —
0.461).
Given the significant pressure difference between the heat carriers in the vapor

and liquid phases, the chevron type should be used when choosing corrugations for
the heat exchanger plates, and determining the angle and determining dimensions

of chevrons is an important engineering task.
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Conclusion: The efficiency of using a plate condensate regenerator in a
steam compression refrigeration machine for theoretical and real processes was
evaluated using a numerical experiment and Emerson Climate Technologies
SELECT 7 software (V.7.0). The real process with the regenerator has a significant
discrepancy with the theoretical one due to the hydraulic resistance of the

regenerator.
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ABSTRACT. The main provisions of the physical model of the zeolite
drying process are formulated. A mathematical model of the zeolite drying process
iIs made. The main kinetic regularities of the zeolite drying process and its main
parameters necessary for the design of drying equipment are determined.

KEYWORDS: DRYING PROCESS, ZEOLITE, DRYING EQUIPMENT,
MATHEMATICAL MODELING.

AHOTAUIA. Cgopmynvosano ocHnosHi nonoscenus @izuunoi mooeri
npoyecy cyuwiinua yeonimy. CKIa0eHO MamemMamuyHy Mooeilb Hpoyecy CYULIHHSI
yeonimy. Busmnaueno ocmoeui KiHemuuHi 3AKOHOMIPHOCMI Npoyecy CYULIHHA
yeonimy ma U020 OCHOBHUX NaApamempu, w0 HeOoOXIOHI Ol NPOEeKMmYB8aAHHs.
CYUUTILHO20 0OJIAOHAHHSL.

KJIIOYOBI CJIOBA: TIPOLHEC CYIIIHHA, HEOJIT, CYIIMJIBHE
OBJIAIHAHHA, MATEMATHUYHE MOJEJIFOBAHHAI.

Today, zeolite is widely used in many industries, including agronomic, food,
water treatment, air purification, ecology, medicine, construction, chemical
industry, oil and gas industry, breeding of animals, fish, birds and bees. [1].

The aim of the study is to determine the kinetic laws of the process of zeolite
drying, and its main parameters necessary for the design of appropriate drying
equipment.

The driving force of the drying process in the first period is the difference
between the saturated water vapor pressure in the boundary layer on the zeolite
surface and the partial vapor pressure in the environment, and in the second drying
period - the difference between the current and final equilibrium moisture content
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[1]. During drying, moisture evaporation can occur not only from the surface of the

zeolite, but also from deeper layers (figure 1).

..

X A /

Figure 1 — Physical model of the zeolite drying process

The zeolite particle is considered to be a spherical radius R taking into
account the shape coefficient, because the zeolite crystals have the shape of a
tetrahedron. The particle is under the action of heat load from the drying agent (air)
by the heat flow g. The particle is conventionally divided into infinitesimal layers
starting from the outer surface to the center.

This allows you to use spherical coordinates in the representation of the
problem. Thus, the moisture content u and the drying time will increase from the
outer surface to the center, and the temperature t will decrease. Therefore, it is
advisable to study the process on the outer surface of the particle - the contact
surface of the phases.

Zeolite, as a capillary-porous body, contains free moisture, capillary
moisture and adsorption-bound moisture. In the first drying period, free moisture
evaporates, and the process speed is limited by the intensity of the heat flow. In the
second drying period, the rate is initially limited by the diffusion of moisture into
the evaporation zone (removal of moisture in the capillaries), and at the end of
drying is limited by the destruction of adsorption bonds of moisture with zeolite

and its evaporation.
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Based on the physical model, you can make a mathematical model.
Technological mode, equipment for convective drying and simplification of the
configuration of zeolite particles make it possible to consider this process as one-
dimensional in the radial direction of the spherical body. In addition, it is assumed
that the amount of heat flow (coolant temperature) will remain constant throughout
the drying time,

The mathematical model of the drying process for spherical particles

includes the equations of thermal conductivity and Kinetics [2]:

oT 02T 2. 9T u
chuge =N ky (Fmz + 27 55) = PuT e
ou !

=% = BF(py — pu) + k(u— )

ne ¢ — the specific heat of wet zeolite, kJ/kg-K; p,— density of absolutely dry
zeolite, kg/m?; 0T/dt — rate of temperature change, K/s; k4 — form factor; A —
thermal conductivity of zeolite, W/m-K; dT/0R — temperature gradient, K/m;
0°T/0R? — the rate of change of the temperature gradient, K/m?; r — specific heat of
vaporization, kJ-kg; du/dt — the drying rate of the zeolite, s™*; B — moisture transfer
coefficient, m>Pa-s; F — phase contact surface, m?; p, — saturation pressure on the
surface of the zeolite particles, Pa; p,— partial vapor pressure in the coolant, Pa;

k — the drying rate constant in the second period, s*; u — moisture content of
zeolite, kg/kg; up — equilibrium moisture content, kg/kg.
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Abstract: Several experiments were carried out to study the process of
drying perlite by radiation. The experiments were analyzed, and the dependences
of the final moisture content on time and temperature on time were obtained.
Based on the results of experiments, conclusions are formulated.

KEYWORDS: PERLITE, RADIATION DRYING, INFRARED
RADIATOR, MOISTURE CONTENT, DRYING TIME, DRYING CURVE,
THERMAL.

AHoTauniss: Ilpogedeno pso excnepumenmis, 0ns OOCHIONCEHHS NPOYECy
CYWIHHA nepaimy paodiayivinum memooom. IIpoananizoearno nposederi 0ocaiou ma
OMPUMAHO 3ATIeIHCHOCMI KIHYEB020 B80J10208MICMY 8I0 Yacy i memnepamypu 6io
yacy. 3a pezyromamamu 00cnioié chopmynibo8aHO GUCHOBKU.

KJIOYOBI  CJIOBA: IIEPJIT, PAJIAIIMHE CVIIIHHA,
[HOPAUYEPBOHMIT BUIIPOMIHIOBAY, BOJIOTOBMICT, YAC CYIIIHH,
KPHBA CYUIIHHS, TEIIJIOBUH ITOTIK

To determine the kinetic laws of the process of drying perlite by radiation, a

computerized laboratory installation was used, which allows obtaining parameters

with sufficient accuracy to build the kinetic laws of drying perlite (Fig. 1).
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1 — personal computer (PC); 2 — infrared emitter; 3 — platforms for placing perlite;
4 — electronic scales; 5 — pyrometer; 6 — wattmeter, ammeter, voltmeter
Figure 1 - Experimental installation for drying perlite by infrared radiation

The developed installation makes it possible to continuously measure the
change in mass of the sample during the drying process. The measurements with a
frequency of 3 Hz and transmitted to a computer for registration and further
processing. The thermal energy source is an electric infrared radiator of ceramic
type with a nominal electric power of 1 kW. A reflector is installed above the
radiator to reduce heat loss from the radiator to the environment.

Samples of moistened perlite of three fractions were used for the study, the
equivalent dimensions of which were, respectively: d. ., = 0,4 mm, d_z.» = 0,8
mm i d.x,z = 1,3 mm. Particles of perlite were laid in a dense layer on a metal
substrate mounted on a platform on electronic scales under the infrared emitter's
working surface.

Experimental studies were aimed at obtaining radiation curves for perlite by
the radiation method at different initial data. The studies were performed at a
variable moisture content U kg/kg, heat flux qw/m?, fraction d mm, perlite layer
thickness 6 mm, and mass m0. In this case, to check the impact of an indicator on
the drying process, it changed, and all others remained constant.

To test the effect of heat flux on the process of drying perlite by radiation, a
portion of perlite of a certain constant mass and the same fraction was placed on a
platform under an infrared emitter. Then exposed to infrared radiation of a certain

power. The mass readings were transferred to a computer, and the perlite surface
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temperature readings were taken every 30 seconds. To reduce the effect of error,

the same type of experiments were performed 3 times for different heat flux
values. To do this, change the distance from the infrared emitter to the surface of
perlite.

The experiment was performed for 3 different heat fluxes by changing the
distance between the perlite and the infrared emitter.

The influence of heat flux on the drying process of perlite is shown in Fig.2

(drying curves) and Fig. 3 (temperature curves).

- H1=4sm
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H3=12sm

final moisture content, kg/kg
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Time, s

Figure 2 - Dependence of the final moisture content on the drying time
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Figure 3 - Dependence of temperature on drying time
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The obtained graphical dependences make it possible to estimate the

influence of heat flux on the intensity of perlite drying by infrared radiation and the
time of this process. The temperature curves can provide the required temperature

of the drying process, and the drying curves to estimate the duration.
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Abstract: The basic parameters of perlite are described: the mathematical
model of process of cooling of perlite in the device of a fluidized bed is resulted.

Keywords: PERLITE, APPARATUS, PHYSICAL MODEL, COOLING,
LAYER

AnHoTauin  Onucani  OCHOBHI  napamempu  neplimy.  HAB8EOeHO
MamemMamuyHy — Mooelb — Npoyecy — OXON0OJCEeHHs  nepaimy 6  anapami

NnCeso03pPi0NCeH020 uapy.

Kuarwuosi caosa: [IEPJIIT, AIIAPAT, ®I3UYHA MOJEJIb,
OXOJIOJI’KEHHA, IIAP.

Mera poOoTH — BH3HAUEHHS OCHOBHUX TapaMeTpiB MPOIECY OXOJOIKECHHS
NEepIITY,HEOOX1JHUX JJIsl HPOEKTYBAaHHS POMUCIIOBOIO arapary.

[lepmiT - 1e ripchka MOpOAa BYJIKAHIYHOTO TIOXOMKEHHS, SKa TIPH
HarpiBandi 10 900-1100 °C po3muproeTbest MOAIOHO «Iomn- KopHy». lLle
BiIOYBa€ThCS 3aBISKA TOMY, IIO B MEPJIITOBOMY IICKY MPHUCYTHS 3B'si3aHa BOJa,
sKa TPU HarpiBaHHl JO0 BHCOKHX TEMIIEpaTyp PO3IIMPIOE OCHOBHY IMOPOIY -
3aBIIIKM YOMY YTBOPIOETBHCS «CITyUYEHUN TEpPIiT», SKUH BUKOPHUCTOBYETHCS B
pi3HHX cdepax MPOMHUCIOBOCTI. Po3mip rpaHyn CIyde€HOTO MEpIiTy KOTHBAETHCS
Bix 1 MM 1o 5 MM, HacunHa miabHICTE Bix 50 kr / M3 no 150 xr / m3. Came mi
MaJjeHbKI YHCIIEHHI TIOpU 3a0e3MeuyloTh JIErKICTh Ta YHIKaJIbHI TeIio- 1
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3BYKOI130JISI[1{HI BIACTUBOCTI MEPIITY, HOr0 BOTHETPUBKICTh, XIMIYHY 1HEPTHICTH,
B1JICYTHICTb BIUIMBY IIKIAHUKIB [1].

Crnydenuit mepmitT HaOyB IIMPOKOTO 3acTOCYyBaHHS B  OyAiBHHUIITBI,
MeTalyprii, KpIOT€HHOi  TEXHIKH, CLIbCBKOMY TOCIOAApPCTBI,  XapuoBii
IPOMUCIIOBOCTI. AJie, SIK L0 CIy4yBaTH MEPJIT, B SKOMY BMICT 3B’s13aHOi BOJH
nepeBunye 3%. meperpita BoAsSHA Tapa po3ipBe OOOJIOHKH MINUHOK. BoHu
pO3MyLIyIOThCsl. BinKpuBaeTbCss iX BHYTPILNIHSA IOPHUCTa IOBEPXHS Ha SKIH
KOH/ICHCYEThCSI BOJSTHA Tepa 3 MOBITPS. 3pOCTa€ BOJOTICThH 1 TEIJIONPOBIIHICTS,
TaKUil TEepJiT HE TOoAMThCA g Temnoizoisauii. Lo npobnemy Bupimmim
VKpaiHChKi BU€Hi, BUCYLIMBIIM YaCTUHY 3B’3aHOi BoaM 3a Temieparypu 240 °C.
OTtpumaHuii TEpMI30BaHUN MEPJIT HANPABISIIOTH B OXOJIOKYBad, SKHUM
PpO3po0IsSETHCS B JaH1H pOOOTI.

Po3pobiieHo ¢izuuHy MoJiens MpoIecy OXOJOMKEHHS MEpaiTy, B KM mija
BIUIMBOM TPAJi€HTy TEMIIEpaTyp TEIJIOTa MEPEHOCUTHCS TEIUIOMPOBITHICTIO 3
00’eMy YaCTHMHOK MEPIITy 10 MOBEepxHI posnoaiury ¢a3z. [ami, momarodu TOHKY
NOBITPSIHY IUTIBKY Ha MOBEPXHI I'PaHYJIM TEIUIOTA MEPEHOCUTHCS KOHBEKIIIEID B
TypOyJICHTHHI MOTIK OXOJIOJXKYIOYOro NMoBITps. TemioBi napameTpu 3MIHIOIOTHCA
B 4aci, MpoIec NEPEHOCY HE CTaIllOHAPHUH.

Ha ocHoBi gaHOi Mojesni CKJIaJIeHO MaTeMaTH4Hy Mojeilb. MaremaTuyHa
Mozedb  mpouecy Uil CHEepUUYHMX ~ YACTMHOK  MEPIJITY  OMHUCYEThCS
mugepenuianbHuM piBHSAHHAM Dyp'e - Kipxroda, sike BHSBISE 3B'A30K MIXK
YacOBOIO 1 MPOCTOPOBOKO 3MIHOIO TEMIEpaTypu Yy JOBUIbHIA TOYII Tijla, Ta

IPAaHUYHUMHU YMOBaMH 3 — IO POy 3 BpaxyBaHHsM 3aKoHY Dyp’e [2].

aT 0°T 2 aT

ep— = Aoz + = - ——
at 6R* R OR
dt
a- (Tnnsepxui. - T'Iemmucun:iﬂ.) =—4A- ﬁ
. . owlm . Er,
Jie ¢ — IUTOMA TEIUIOEMHICTh NEPITY, — ; p — TYCTHHA NEPIITY,—; y—
' M
. . . . . . .. . . Bt
KOe(II[i€HT TEMIONMPOBIAHOCTI MEPIITY o a- Koe(illieHT TeroBiamauyi, =

T 1o, — TeMmepatypa noBepxHi nepaity, K; Trenn— TEMIIEpaTYypa TEIUIIOHOCIS, K.
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[ouarkosi ymou: 7o = 0; T =T(r); T, =T,

BucCHOBKHM: MaTeMaTHYHE OMMMCAHHS JI03BOJISIE€ PO3PAXyBATH TPUBATICTH MPOIIECY.
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BROACH EFFORT OF POLYMER PIPES DURING CALIBRATION
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ABSTRACT: a study was carried out to determine the drawing force of the
billet at the thermal contact of polymer-metal, the results compared with
theoretical calculations.

KEYWORDS: POLYMER PIPE, CALIBRATOR, BROACH EFFORT

3YCHJUIA TPOTATI'YBAHHA ITOJIIMEPHUX TPYB ITPH
KAJIIBPYBAHHI

acripant [loguman I'.C., K.T.H., cT.BUKI. JIBotiHOC S.T.

AHOTAIIS: excnepumenmanbrho U3HA4eHO 3YCUNISL NPOMANXCKU MPYOHOL
3a20mMoO6KU uepe3 Kaaiopyrouui npucmpii npu eupoOHuYmel mpyo 3 nojiiemunieHy
BUCOKOI 2YCMUHU MA YMOBU 30epedHCeHHs] MepPMIYH020 KOHMAKMYy noimep-memal,
pe3yibmamu NOPIGHAHO 3 MeoPemMUUHUMU PO3PAXYHKAMU.

KJIIOYOBI CJIOBA: [IOJIIMEPHA TPYEA, KAJIBPATOP, 3YCUJIIA
[TPOTAT'YBAHHA

In the manufacture of polymer pipes, one of the main forces influencing the
process is the friction forces [1]. The force with which the workpiece is passed
through the calibrator depends on the material and the vacuum pressure that
maintains thermal contact. The purpose of modelling the calibration process is to
provide conditions for reliable thermal contact and minimal compression to meet

the condition of strength and prevent breakage of the workpiece.
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A laboratory extrusion tube line and a dynamometer attached to a calibrator
mounted on rollers were used to measure the drawing force (Fig. 1). The study was
performed using low-density polyethylene (high pressure) HXF-4810H from
Karpatnaftohim [2]. A pipe with a diameter of 25 mm and a wall thickness of 4

mm was made.

1 - extruder; 2 - forming head; 3 - a calibrating sleeve; 4 - cooling bath; 5 -
traction; 6 - pipe billet; 7 - manometer (division price 0.05 bar); 8 - dynamometer
(division price 0,01kN)

Figure 1 - Scheme for determining the broach effort
The coefficient of friction was determined by field and numerical

experiments. In fig. 2 shows a diagram of the definition.

P —is the vector of gravity, N; N — is the reaction vector of the support, N;
F.p — friction force vector, N;  — angle of inclination, Q — is the geometric sum of
the vectors of gravity and the reaction of the support, N.
Figure 2 - Scheme for determining the coefficient of friction of the pipe
material with metal

The coefficient of friction is calculated by the formula:

175



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

n=tg(a) (1)

The modulus of the friction force vector and the reaction of the support can

be determined by the formulas:

F,=Q=P-sin
{”‘jQ ’ @
N=P - cosa
From (2) and (1):
Q sina
H N cosa J¢ ()

The friction coefficient for the pipe material with a metal surface u=0.789
was determined experimentally.

The theoretical value of the broaching force that occurs when calibrating the
pipe, N:

F, =uN =unDtW 4)

where D is the diameter of the billet, m; 1 - - time of thermal contact of the
workpiece pipe with the calibrator sleeve, s; W - speed of calibration, m/s.

The results of calculations and experiments are recorded in table 1.

Table 1. Comparison of research results and calculation of drawing force

Vacuum pressure, bar 0 0,2 0,4 0,5
Broach effort is experimental, N 36 56 76 86
Broach effort is calculated, N 0 14,9 36,6 47,4

Conclusion: comparing the theoretical and experimental values, we
conclude that at the time of the entry of the billet into the calibrator sleeve there is

a pulling force equal to 36 N, which is due to the passage of the billet through the
western part of the calibrator.
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AHOTANIA

Pozensnymo  ocnosni  munu  naacmughixamopie 014 OMPUMAHHA
MepPMONIACMUYHUX MAmMepianié Ha OCHOBI KPOXMANI0 ma 6Nnaue ix KoMOIHayil ma
KOHYeHmpayiti Ha Ii3uKo-XiMiuHi ma MeXaHiyHi 81acmueocmi OMpUMAHO20
MepMONAACMUYHO20 MAMePIaiy.

KJIIOYOBI CJIOBA: KPOXMAUJIb, [JIACTU®DIKATOP,
TEPMOITJTACTUYHUI MATEPIAJL

SUMMARY

The main types of plasticizers for starch thermoplastic material and the
impact of their combination and concentration on physical, chemical and
mechanical properties of the obtained thermoplastic material are outlined.

KEY WORDS: STARCH, PLASTIFICATOR, THERMOPLASTIC
MATERIAL.

HasBHi xpuTHuHi 00CSITH Ta TeMNU 3a0pyAHEHHS JOBKUUIS TJIACTUKAMH,
oJIep)KaHUMHU 3 BHJIOOYBHHMX JDKEpeJl, BUMAaraloTh HEBIIKJIQJHOTO JOKJIaJaHHS
3HAYHUX 3YCWJIb JUIsI PO3POOKM O10JIOTIYHO pO3KIagHUX MaTepiamiB. Kpoxmanp —
OPUPOAHUN  ToJicaxapui, 10  OTPUMYETbCA 3  HaWpPI3SHOMAHITHIIIMX
CITbCBKOTOCIIOJIAPCHKUX  KYJbTYp, OYyB Ta  3aJIMINAETHCS  OAHUM 13
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HAWMEepCINeKTUBHIIINX MaTepiaiiB Uil BUPOOHHUITBA O10PO3KIAIHOTO IUIACTHKY.
Ile 3ymoOBIEHO THM IO BIH Ma€ CXOXI 31 3BUYAHHUMM IUIACTUKAMU
XapaKTepUCTUKU B Tpoleci 0OpoOku Ta moAiOHI iM eKcIulyaTaliifHi mapameTpu
OJiep>)KaHuX 3 HHOTO MartepianiB. BakmuBuii Kpok 10 CTUMYJIIOBaHHS BHUPOOHUKIB
70 BIIPOBA/DKEHHSI IOJIMEPIB Ha OCHOBI KPOXMAJIO IOJATa€ Y MOXIJIMBOCTI
3a0e3MeyeHHs] BUPOOHMIITBA Ta MEPEPOOKH TaKUX MaTepiaiiB 3a TUIOBUMH JIJIs
rajxysi TEXHOJIOT1SIMH.

Hapasi psn mocmipkeHb KpPOXMaTiO CIPSMOBaHI HAa BUBUYEHHS METOIB
OTpUMaHHA TepMmoruiactuyHoro wmartepiany 3 Hboro (TIIK), mo nocsraerbcs
IUIIXOM 3MIIIYBaHHS HATypalbHOIO KPOXMalI0 3 IJIacTU(iKaTopaMu MpU
NIJBUILIEHIA TeMmreparypi 1 MEBHOMY HAIPYyKE€HHI 3CYBY Tak, LIO BHXIJHA
CTPYKTypa KpOXMAaJII0 MOBHICTIO 200 YaCTKOBO PYHWHYETHCS, B OCHOBHOMY 4epe3
BTpaTy KpucTaliyHOCTi. BTpara kpucramigyHOCTI BiOyBa€ThCs B JBa €TallW,
nepmmii 3 SKUX  BIANOBIOAE HAOPSKaHHIO YAacCTUHOK  KPOXMAJlo, IO
cnioctepiraeTscs mpu Temmeparypi 60...70 °C. Ipyruii erar, 0 CIOCTEPITaEThCS
npu Ttemmepatypt Buuie 90 °C, npu3BOAUTH 10 HAAMIPHOTO HAOpsIKaHHA 1
KeTaTUHU3alli, SIKI CYINPOBOJKYIOTBCS PpYHHYBaHHSM IUIICHOCTI TpaHyJsl
kpoxmamo. Ilig wac >kenaTuHU3AIIl MOJIEKYJTHM KPOXMAIK BUBLIBHAIOTHCS 31
CTpykTypu rpanyi [1]. Skmo Ha 1pboMy eTami Ha TpaHy/idd AiFOTh BiAMOBIAHI
HANpy>XeHHS 3CYBY, TO HaOpSKII TpaHyldu 3a3BUYail pyHHYIOTHCS 3 YTBOPEHHSIM
TEPMOILIACTUYHOTO Marepiainy [2]. JlonaBaHHs miactudikaropa 10
KEJIaTUHI30BAHOTO KPOXMAI0 JIO3BOJISIE  BUTBHUM  MOJIEKYJIaM  KPOXMATo
MOBOJUTHCS aHAJIOTTYHO 3BUYAWHUM TEPMOIUIACTUYHUM CUHTETUYHHUM IOJIMEpaM.
OTpuMaHuil TaKMM YUHOM KpOXMallb BIJOMHUH K TE€PMOIUIACTUYHUN KPOXMab
(TIIK).

BmactuBocti  TIIK 3amexarh Big JEKIIbKOX  (hakTOpiB, HaWOLIBII
BOXJIMBUMH 3 SKHX € CTPYKTypa KpOXMailo, OOYMOBJICHA MOXOKEHHIM
HATUBHOTO KpOXMallto, 1 mapameTpu mpouenypu npurotyBanus TIIK, ame ckman

kinuesoro TIIK 3 ypaxyBanHsM 100aBOK, 110 JOJAIOTBCS B IpOLEC]
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MPUTOTYBaHHS, TAKOXX HAA3BUYAWHO BAKJIMBHM, OCKITLKM MOE BIUIMBATH Ha
MOJKJIMBICTh HOI'0 BUKOPHUCTAHHS [2].

Ponp nmnactudikaTopa monsirae B yCyHeHHI BOJHEBHX 3B'SI3KIB 1 3017bIICHHI
BUTBHOTO 00'€eMy, IO TPHU3BOAWTH 1O OUIBII BHUCOKOI PYXJIUBOCTI JIAHITIOTIB
KPOXMAJIIO 1 3HWXKEHHs TeMmIiiepaTypu ckiyBaHHs [3]. [Ipuponma 1 BimacTUBOCTI
tactudikaTopiB 6e3mocepeIHbO BIUIMBAIOTh HA TEMIIEpaTypy CKIyBaHHS. Y TOH
qac sIK TEMIIEpATypHU CKIYBaHHS CyXOr0O HATUBHOI'O KPOXMAJIO0 CTaHOBHUTH 228 °C,
il 3HAUEHHS JUI KPOXMAJIIO 3 BMICTOM BOJH, Hampukiazi, 12 % cTaHOBUTH OJIM3BKO
55 °C [4]. AnanoriuHi e(peKTH BIIMIYAIOTHCS TaKOX JUIsl 1HIIUX KOHIICHTpAIliil
BOAM a00 pi3HuX 1utactudikaropis [2]. JomgaBaHHs BoaU — HAUMPOCTIIINI BapiaHT
it npurotyBanHs TIIK, npote TIIK, mo npuroroBanuii y BOJHOMY CEPEIOBHIL,
Ma€ HMU3bKI MEXaHIYHI BJIACTHBOCTI, B OCHOBHOMY Yepe3 BEIIMKY KPHXKiCTh [5].
Kpim Boam, sika 3aBJM TPHUCYTHA B SIKOCTI OCHOBHOTO I1HTPEIIEHTY, TIIIEPUH
HalOUIbII YacTO BHKOPHUCTOBYETHCS Y SAKOCTI IIACTU(IKYIOUOi J00aBKH. Aule,
OKpIM TJIIEPUHY, Y SKOCTI IJIACTU(DIKATOPIB KPOXMAIIO 3aCTOCOBYETHCS 1 PsI
IHIIUX PEYOBHUH, TAaKUX SK TOJIOJU, TIKOI, ¢opmMaMill, CEYOBUHA, alleTaMUJ,
JMMOHHA a00 MEJITIHOBAs KUCIIOTa, CroJyku docdopy Toro [6].

[Tpu 3actocyBaHHI MIacTU(IKATOPIB, IO MICTATH TiapoKcun (Tiikomi [7])
abo momonu (copOiT, KCWIIT, MaJbTUTOIN) [8], BaXKIUBY pOJb BIAITPAE iX
mosiekynsipHa Mmaca. TIIK, mo wmictare mmactudikatopu 3 OUIBII BHCOKOIO
MOJIEKYJIIPHOIO MAacOl0, MILHIIII, MalOTh OUTbII BUCOKY TEMIEPATYPY CKIIyBaHHS,
ayre kpuxkinr [3].

Bci mexaniuHi mapaMeTpH iICTOTHO 3aJ1€XaTh SIK BiJl JPKepeia KpOXMalto, Tak
1 BiJ 3aCTOCOBYBAHOT'O ractudikaropa, 110 M1ITBEPIKYETHCS
EKCIIEPUMEHTAILHUMU JIAaHUMH, 32 SKUMU 3asIBJICHI 3HaYEHHS CTAaHOBIATH Bif 0,25
no 21 MIla gnst minHOCTI Ha po3puB, Big 1,5 mo 102 % s medopmartii npu
pospusi 1 Big 2 1o 1052 MIla gyst moayns FOnra [9]. HaliBuia mexa MIITHOCTI Ha
po3puB 21 MIla i mogyns FOura 1052 Mlla, nocsiruyTi At pUCOBOTO KPOXMAJIO 3
copbitosiom [10], B Toit vac sk HavHmk4i 3HaueHHs (0,25 MIla s MimHOCTI i
2 MIla gyst momynst FOHra) BUsIBJICH1 1)1l KYKYPYI3STHOT'O KPOXMAJTIO 3 TUIIIEPUHOM
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1 creapuHOBOIO KucioToro [11]. Huspke momoBxeHHs mipu po3puBi (2 %) BUSIBICHO
JUISL PUCOBOTO KpoXMayro 3 copbitom abo 3 riminepuHoMm [10], B Toi dyac sk
Haio1npm Bucoke 3Ha4ueHHS (102 %) AOCATHYTO HIJii MaHIOKOBOTO KPOXMAIO 3
rimnepuHom [12].

3a pmanumu [13] BUKOpUCTaHHS JIMMOHHOI KHUCJIOTH ©0€3  1HIIOTO
miacTudikaTopa MPU3BOAUTH 0 TIOJIMIIEHHS BOJOTOCTIHKICTI 1 Oap'epHux
BiaactuBocterd TTIK. JIuMOHHA KHCIIOTAa TaKO 34aTHA IHIMIOBATH 3IIWBAHHSA
KPOXMAJTI0, M0 TPHU3BOAUTH 10 KOPUCHOI 3MIHM MEXaHIYHUX BIACTUBOCTEH 1
MIJBUIICHHSI CTAOUIBHOCTI IMX BJIACTUBOCTEW 3a pI3HMX Temnepatyp |[14].
Hampuknan, 3muBaHHS JIMMOHHOIO KHCJOTOIO TPHU3BEJIO 10  3HWKCHHS
BOJIOTOTIOTJIMHAHHS TEPMOIUIACTUYHOrO Kpoxmanto 3 32% o 21% [15], a Takox
70 30UTBIIEHHS. MIITHOCTI HAa PO3PUB KPOXMaJIbHUX JUTUX IUIBOK. [Ipore, B
pe3ynbTaTi gonaBanHs 30% riilepuHy Il K XapaKTEPUCTUKU 1ICTOTHO 3HU3HIIUCA
10 3HaueHb Hk4de 1,5 Mlla [14]. Bigmiuaetses [13], mo TTIK, 1o MicTUTh cyMin
JMMOHHOI KHMCIIOTH 3 TJIIEPUHOM, CTabulizye amopdHy CTPYKTYypy 1 3amobirae
peTporpajariii.

IctotHe 30unblIeHHs MinHOCTI Ha po3puB TIIK cnoctepiraeTecs npu
3aCTOCYBaHHI Yy SIKOCTI MacTu(ikaTopa ce4oBMHU O€3 J0/IaBaHHS TIIEPUHY, Je
3HaueHHd Monayss FOHra nanms 3paskiB, IO MICTATh TUILIEPUH, BHU3HAYEHI B
miama3zoni Bim 0,8 mo 3,5MIla, , a wMomymp IOnra i Kpoxmalo,
1acTU(IKOBAHOTO CEYOBHUHOIO Oe3 rminepuny, nepepumus 650 MIIa [10].

Jnsa TIK, mmactudikoBaHOrOo TUIBKA CEUYOBMHOIO, MeEXKa MIITHOCTI Ha
po3puB cta”HoBusia 12,55 Mlla, a moxgyns FOnra pocsiraB 1664 Mlla, ane mexa
nedopmaiiii Ha po3puB craHoBuia jumie 5,7%. JlomaBaHHS 10 KOMIO3UIIT
€TaHOJIaMIHy TPHU3BOJUTH JO OTPUMAaHHS Marepialy 3 ICTOTHO OLIbII BHCOKOIO
IJTACTUYHICTIO B TIOPIBHSHHI 3 KpOXMajieM, IIacTH(IKOBAHHUM CEYOBHHOIO 0€3
comnactigikaropa. Tak TIIK, mmactudikoBanuii cedoBuHow (15 %) 1
etaHosaminoM (15 %), moka3aB Kpalry TEpMIUHY CTaOUIBHICTh 1 MeEXaHIvHi
BJIACTUBOCTI: MeXa MIITHOCTI Ha po3puB gocsrana 9 Mlla ta mexa aedopmariii Ha
po3puB cranoBmia 34,4 % BiamnosigHo [16].
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HaBeneni pe3ynbratu CBiI4aTh MPO TE, IO HAWOUIBII BaXKJIMBUM [IUTAHHIM
Ha eTarli MiArOTOBKH JI0 BUTOTOBJICHHS TEPMOIUIACTHYHOIO MaTepiady Ha OCHOBI
KPOXMaTI0 € KOPEeKTHHH MiAlIp BIAMOBIAHMX IUTaCTU(IKATOPIB, a TaKOX,
IpaBUJIBHUHN BHOIp 1X KOMOIHAIIIM 1 KOHIEHTpALlI{, 1[0 HEOOX1THO ISl OTPUMAaHHS

3aJaHuX q)iSHKO-MCXElHi‘-IHI/IX XAPAKTCPUCTHK MaTepiaJIy, O10 BUT'OTOBJIAETHCA.
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ABSTRACT. The article considers the technological scheme of selective oil
purification, describes the stripping column and formulates the directions of its
modernization

KEY WORDS: SELECTIVE CLEANING, OIL, STEAMING COLUMN

YK 66.048.3

MOJEPHI3ALISI BUIITAPHOI KOJIOHA

Mmarictpant Jmutpyk A.B., k.T.H., go1. Crenaniok A.P.

National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute"

AHOTANUIA. B cmammi po3ensanymo mexHoA02IuHy cXemy CeleKmuHoi
OYUCKU MACMUd, ONUCAHO BIONAPHY KOJIOHY MA CEHOPMYIbOBAHO HANPAMU il
MOOepHiz3ayii

KJIIOYOBI CJIOBA: CEJIEKTMBHA OYHUCTKA, MACTHUJIO,
BIJITTAPHA KOJIOHA

Installation for purification of concentrates with a mixture of propane,
phenol and cresol is designed to obtain final oil raffinates of high viscosity [1].

The main sections of the installation are as follows: extraction of raw
materials with solvents, regeneration of solvents from raffinate solution,
regeneration of solvents from extract solution and regeneration of solvents from
aqueous solutions. Cleaning with steam solvents is carried out in horizontal

devices - extractors. The extraction compartment consists of seven sections, each
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of which includes a mixer and a settling tank. The technological scheme of

installation is presented in figure 1.

1, 2,14, 23, 31, 40, 44 - columns;
3,6,7,9,12, 15, 17, 20, 22, 28, 34, 36, 38, 41, 43 - pumps; 4, 46 - receivers;
5 - heater; 8, 37 - tubular furnaces; 10, 13, 16, 21, 27, 35, 39 - extractors; 11,
32 - mixers; 18 - settling tank;
19, 24, 25, 26, 29, 30, 33, 42, 45 - heat exchangers; 47 - sprinkler;

48 — compressor.

Figure 1 - Technological scheme of the installation for purification of oil

residues with vapor solvents without prior deasphalting of raw materials

The raw material - concentrate or tar - is fed by the pump 34 through the
steam heater 33 to the mixer 32. Here is fed and the raffinate phase coming out of
the extractor 35 and the extractive phase which is pumped by the pump 22 from the
extractor 21. From the mixer mixture after cooling in the refrigerator 29 is
introduced into the extractor 27. The degree of preheating of the raw material and
subsequent cooling of the mixture leaving the mixer 52 depends on the type of raw
material. In the mixer it is necessary to provide high-quality mixing and the

required temperature of the mixture before it is fed into the extractor 27. The
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extraction temperature must be below the temperature of mutual solubility of the
components so that the mixture represents two phases.

The solvents are fed to the final extractors. Prior to the introduction into the
first extractor 39 of propane supplied by the pump 43, passes the heat exchanger 42
(this apparatus can serve as a refrigerator or heater); at the outlet of it, the
temperature of propane is maintained between 37 and 47 ° C.

Phenol-cresol mixture, conventionally called "selecto", the pump 6 through
the heater 5 at a temperature of 35-52 © C is fed to the extractor 10. Before entering
each extractor, the upper layer of liquid coming from the previous unit is mixed
with the lower layer on the next levels. In the extractor, the mixture is divided into
two new layers - refined and extracted modified composition.

The raffinate solution (upper layer) moves from the extractor 27 to the last
extractor 10, the extractive solution (lower layer) is fed by pumps 12, 15, 17, 22,
28 and 38 in the opposite direction. Thus in the extractors there is a countercurrent.
In extractors 35 and 97, only extractive solutions are treated with liquid propane.

The final extraction products are the raffinate solution (upper layer) leaving
the extractor 10 and the extract solution (lower layer) leaving the extractor 39.
Each solution under pressure, which is maintained in the extractors, is sent to its
solvent regeneration system. The raffinate solution contains 14-25% (wt.)
Raffinate, 20-22% (wt.) Selecto, the rest - propane.

The raffinate solution at the outlet of the extractor 10 is heated to 125 ° C in
the heat exchanger 25 due to the heat selecto coming out of the column 23, and
enters the upper part of the propane raffinate column 14, the pressure in the column
14 is maintained in the range of 1.5-1.9 MPa. Propane from the receiver 46 is fed
to the upper plate of this column as irrigation. Propane vapors are discharged from
the top of the column 14 and condensed in the condenser of the refrigerator 45, the
liquid propane flows into the receiver 46, from where it returns to the extraction
system.

The temperature at the bottom of the column 14 is maintained at about 300 °
C, for which the pump 9 recirculates part of the solution through the coils of the
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tubular furnace 8, the recirculated return to the column at a temperature of 330-340
°C.

The raffinate solution containing 0.2-0.3% (wt.) Propane, due to the pressure
difference from the bottom of the column 14 in the selective-raffinate column 2.
The pressure in this column is about 0.07 MPa. From the top of column 2, a
mixture of vapors of selecto and propane is sent to column 23. Cold irrigation of
column 2 is selecto. The heat required to remove the solvent is introduced
raffinate, circulating in the scheme: the bottom of the column 2, pump 7, furnace 8,
column 2. As a result, the temperature below the column 2 is maintained at 330-
340 ° C.

The balance amount of raffinate from the bottom of the column 2 is sent to
the upper part of the column 1, under the lower plate of which is fed superheated
water vapor. Steam from column 1 is introduced into the lower part of column 2,
and the raffinate from the bottom of column 7 is sent by the pump 3 to the tubular
steam generator (not shown), which is used to generate water vapor, then in the
refrigerator and in the tank of the target product. The water vapor obtained in the
steam generator is fed to the bottom of the column 1 (if necessary, the steam is
passed through the superheaters of the furnace).

The extract solution coming from the extractor 39 passes first to the heat
exchanger 26, where it is heated by hot selecto, then to the heat exchanger 30. The
mode of operation of this column: pressure 1.8-2.0 MPa, top temperature 60-80 °
C, bottom 270-305 ° C, the temperature of the solution ~ 150 © C. On the upper
plate of the column 31 is propane. The temperature of the column 31 is maintained
by circulating part of the residue by means of a pump 36 through one of the coils
of the tubular furnace 37, where the solution is heated to 310-320 ° C.

The balance amount of extract solution from the bottom of the column 31
moves due to the pressure difference in the upper part of the phenol-cresol column
40, here as irrigation is used selecto, Mode of operation of the column 40: pressure
0.07 MPa, top temperature 190-205 ° C, bottom - 270 -340 ° C.
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The mixture of vapors of phenol, cresol, propane residues and water coming
from the top of the column 40 enters the heat exchanger 30. Superheated water
vapor used to evaporate the solvent in the column 44 is produced by a steam
generator (not shown), which uses the heat of the extract . Phenol, cresol and water
vapors leaving the column 44 enter the lower plate of the column 40; the extract
after cooling is sent to the tank. The pressure in column 44 is from 0.05 to 0.07
MPa.

A mixture (vapor and liquid) of phenol and cresol, water vapor and propane
leaving the heat exchanger 30, as well as a mixture of vapors leaving column 2,
enter the column 23. Here due to excess heat of phenol and cresol vapors the
mixture is divided into dehydrated a mixture of phenol and cresol, derived from the
bottom of the column, and vapor azeotropic mixture of phenol and cresol with
water (92% wt. water and 8% wit. selecto), which come from the top of this column
together with gaseous propane.

Phenol, cresol and water vapor are completely condensed in the condenser-
refrigerator 19. The condensate enters the settling tank 18, from the top of which
gaseous propane is removed. Next, propane through the spray separator 47 is sent
to receive the compressor 48 and after compression to a pressure of 1.4 to 1.6 MPa
and liguefaction in the condenser 45 is collected in the receiver 46.

The two phases formed in the settling tank 18 are a solution of water in a
mixture of phenol and cresol (lower layer) and a solution of the latter in water
(upper layer). The lower layer is pumped 20 is fed to the upper plate of the column
23 as irrigation. The upper layer containing 6-9% (wt.) Selecto and 94-91% (wt.)
Water, flows into a special container (in the diagram, this node is not shown),
where it connects with propane, which enters the receiver 46. Propane captures the
selecto, and water after additional settling is fed into the steam generator to
produce water vapor.

Dehydrated in column 23 phenolic-cresol mixture containing not more than
0.5% (wt.) Water, is fed by a pump (not shown) through heat exchangers 25 and 26
and the refrigerator 24 in the receiver 4 of the solvent circulating in the system.
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The aim of the work is to modernize the stripping column shown in Figure 2
[2, 3].

flapu cyriu o}

l____‘ll 4

e e f—

% N

PagiHam

1 - elliptical cover; 2 - cylindrical shell; 3 - tsarga with plates;
4 - cube; 5 - the union for an entrance of a refinery; 6 - the union for an exit
of a refinery;
7 - fitting for water supply; 8 - fitting for the release of vapors of the
azeotropic mixture

Figure 2 - Scheme of the stripping column

The initial mixture (phenol, cresol and lubricant) is loaded through the
nozzle 5. Water is supplied through the nozzle 7, which rises. The evaporation
process takes place directly on the plates, which are fixed in the tsars 3. The
substance enters the plate, where it comes into contact with water vapor through

the holes in the caps.
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The purified oil is selected through 6, and to remove vapors of a mixture of

phenol cresol and water provided a fitting 7.
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Y]IK 661.11

AKTYAJIBHICTBb BOJJOHEINPOHUKHOI'O IUXAKOYO0I'O
TEKCTUJIIO JJ151 BUTPOBHUIITBA OJ51IY
acripanT Kocenko B.B., k.1.H., nouieaT Cemincekuii O.0.

HaunionanbHUil TeXHiYHUI YHiBepCUTET YKpaiHu

«KuiBcbkuii noJiitexHiyauii incruryT iMeni Iropst Cikopcbkoro»

AHoTauis. /lposedero oensnd dxcepen inpopmayii, 3a pe3yromamamu K020
6CMAHOBNIEHO  30iNblUeHHs nonumy Ha 2iopogobui mranunu. Busnauerno
akmyanvhicms — 30iIbUleHHs — GUPOOHUYMBA  eKOJIO2IYHUX ~ MKAHUH 3
80008IOUWMOBXYBAILHUMU ~ MA  B00OCMIUKUMU  8lacmusocmsamu.  Biomiveno
OoyinbHicmb  akmugizayii po3poOOK Yy Hanpsami B00CKOHANEHHS «OUXAIOUO20
MeKCMUII0» ma 3aco0is 01 NIOMPUMKU 1020 eKCNAYAMAYIliHUX XapaKmepucmux.

KJIIIOYOBI  CJIOBA: BOJIOHEIIPOHUKHUN  JUXAIOUYMIA
TEKCTUJIb, TTJPO®OBHA TKAHWHA, BOAOBIJILITOBXYBAJIbHE
ITIOKPUTTS, HATYPAJILHUI OJIAT.

Summary. The review of information sources was conducted, which
resulted in an increase in demand for hydrophobic fabrics. The urgency of
increasing the production of ecological fabrics with water-repellent and water-
resistant properties is determined. The expediency of intensification of
developments in the direction of improvement of "breathable textiles" and means
for maintenance of its operational characteristics is noted.

KEYWORDS: WATERPROOF BREATHABLE TEXTILE,
HYDROPHOBIC FABRIC, WATER-REPELLENT COATING, NATURAL
CLOTHING

CBITOBUIl PHHOK TEKCTUJIIO JIEMOHCTPYE CTaOIbHY TEHJICHINIO 0
30UIBIIECHHS] MONUTY Ha MaTepiayid, IO MaroTh TriapodoOHI BiacTUBOCTI. Taki

MaTepiaJm AKTUBHO 34CTOCOBYIOTHCA JIsI BUT'OTOBJICHHS BCPXHBOTO OOATY a0o sK
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BEPXHE TOKPUTTS Y HaMETax, CIEIlaTi30BaHOMY OJsI31 Ta B3YTTi, a TAKOX 1HIIMX
Marepiajiax TeXHIYHOTO 1 T0OYTOBOTO MPU3HAYCHHS.
3a  pmanumu [1],  TPOTHO3YETbCS ~ IIOpIYHE  3POCTAHHA  PUHKY

BOJIOHETIPOHUKHOTO JMXAY0ro TEKCTWIo Ha 5,7 % y nepion 3 2016 mo 2027 pp.

(puc 1).

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

m lMoniypimaH elIT®E @ Ilomectep = iHmi

Pucynoxk 1. TenneHiist 10 301IbIIEHHS PO3MIPY PUHKY BOJIOHETIPOHUKHOTO
JIMXa04Yoro TEKCTHUIIIO 32 CHPOBHHOIO B MIIH. Aojapax CIIA [1]

BaxxnuBuii Y4MHHUK 3017BIIIEHHS MOMUTY HA T1Ap0¢d0oOHI TKAHUHH TOJISITAE Y
CTaO1IbHOMY MIABUILIEHHI 1HTEPECY JIOJeH 10 MEepexoAy A0 aKTUBHOTO CIOCOOY
KUTTS 1 TIOMyJIsipU3allii 3aHSATh CIOPTOM, IO BUCTYIMAE PYIIIEM JO CTBOPEHHS 1
BJIOCKOHAJICHHSI KOM(OPTHOTO OJSTY 1 B3yTTS, K1 HE MPOITYCKAIOTh BOJIOTY 330BHI,
aJie IPOIMyCKaIOTh Napy 3 CEpeIuHH.

Txkanuan 3 TiAPOPOOHUM TOKPUTTSAM MAIOTh PAd  (PYHKIIOHATHHUX
0COONMBOCTEH, TOPIBHSIHO 3 TKaHMHaAMU 0€3 TOKPUTTS, Cepel  SKHUX
BOJIOHETIPOHUKHICTh, CTIMKICTh 10 3a0pyJHEHb OPTraHIYHOTO Ta HEOPTaHIYHOTO
MOXO/DKEHHS, MiABUINEH] (i3UKO-MEeXaHIuH1 XapaKTepUCTUKH [2].

I'apodoOHICT, TKaHWHH, siKa OOPOOIOETHCS 3aleKUTh HE TUIBKH BiJl
BJIACTUBOCTEHN Martepiaiy, aje # BiJl CTPYKTYpH MOBEPXHI 1 IKOCTI HAHECEHOTO Ha
MOBEpXHIO MmIapy TigpodoOHOro martepiany. BcraHoBieHo, 10 HagaHHS
Martepianam TiIpopoOHUX BIIACTUBOCTEH MOXIJIMBO 3a PaXYHOK 3aCTOCYBaHHS
HNOKPUTTIB, IO MalTh OUIBIIMN KyT 3MOUYYBaHHS BOJOIO MOPIBHSIHO 3
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HeoOpoOneHoto moBepxHero [3]. 3 TPakTUYHOI TOYKK  30py, JOMLUIBHO
BUKOPHUCTAHHS MaTepiaiiB 3 KpallOBUMH KyTaMHU 3MOYYBaHHS Boju Ouibmie 120°.
Oco0nuBe Micile cepe]] TaKUX MaTepiaiiB 3aliMaroTh CynepriapodoOHi TOKPUTTS,
10 XapaKTepU3yKThCsl BUCOKUMH KpaOBUMH KyTamMu 3MouyBaHHs (Ouibiie 150°)
1 MajquM KyTOM Haxwiy TOBEpXHI JO TOPH30HTY, 3a SKOTO Kpamisi BOJIH
ckouyeTbcs 3 Hel [2]. Haiituacriime s 30UIBIICHHS KyTa 3MOYYBaHHS
BUKOPHCTOBYIOTh €MYyJIbCli Ha OCHOBI mapadiHy Ta coJjiel aloMiHilo abo
IUPKOHIIO, BUII XUPHI KUCIOTH a00 CHUPTH, OPraHiuHl KOMIIOHEHTH XPOMY,
(bIyopOoBMICHI pEYOBHHHM Ta KpeMHiHopraHiuHi crioayk [3].

BaxxnuBum 3aBIaHHSIM 30BHIIIHBOTO MOKPHUTTS € 3aXUCT MOBEPXHI TKAHUHU
BIJl HACUYEHHS ii BOAOI0. 32 paxXyHOK TOTO, 1110 MPOCOYEHA TKAHWHA MA€ BEJIMKHI
KyT 3MOUyBaHHs, BOJia sIKa MOTPAIUIs€ Ha TOBEPXHIO TKAHUHM 30MpaeThCs B Kparii
1 HIBUJIKO CKOYY€ThCS 3 Hel. [11g KoM(pOpPTHOro BUKOPUCTaHHS BOJOHETIPOHUKHOIO
JUXal0uor0 TEKCTUIIO, SKUH BHUKOPUCTOBYEThCS Yy TMOOYTI Haifuactimie
BUKOPUCTOBYIOTh OaraTomapoBUi 3aXUCT TKaHUHH e [4-5]:

o 30BHIIIHS TOBEPXHS TKAHUHU OOPOOJISIETHCS CHEIiaJbHOK CTIAKOIO
710 BUMHUBAHHS Ta CTUPAHHS €MYJIbCIEI0 HA OCHOBI BUCOKOMOJIEKYJISIPDHUX CHOJYK 3
BHCOKOIO TIOBEPXHEBOIO AKTHUBHICTIO, sfKa IMicig OOpoOKH 3abe3neuye 3axucT
TKaHWHY B1J] OTJIMHAHHS Ta MPOCOYYBAHHS BOJIH.

o 3 cepeawHM Ha TKAHUHY HAHOCUTBCS TIOKPHUTTS CEpel  SIKUX
HalfyacTile BHKOPHCTOBYIOTh: eKcnanaoBanuii nojiiterpadropermieH (e[ITDE),
MoJIiypeTaH, MoJiecTep Ta 1HIII.

OpHMM 3 aKTyaJdbHHX Ta MEPCHEKTUBHUX HAMPSAMIB PO3BUTKY TEKCTHIIBHOT
MPOMUCIIOBOCTI, € TepexiJ Ha HaTypaJbHUW Onsr, SKUM 3a0e3nedye 4dyqoBUN
KoM(pOpPT TmTpU HOCIHHI 1 MaKCUMaJIbHY €KOJOTIYHICTh, TOPIBHAHO 3
albTEepHATUBAMM 3 CHHTETUYHHUX MaTepianiB. SIK HACHII0K, MPOBIJIHI IPaBIll ramtysi
MOCTYIIOBO 30UTBIIYIOTh OOCSTM BUPOOHMIITBA BOJIOHEMPOHUKHOTO JUXAI0YOTO
TEKCTUJII0 3 TKaHWH Ha OCHOBI POCIIMHHUX BOJIOKOH. Y TOH K€ 4ac, LIUPOKE
BUKOPHUCTAHHA HATypajlbHOTO OJATY YCKIAIHEHE IIBUIKOK 3HOIIYBaHICTIO

30BHINIHBOTO TOKPUTTS Ta HEOOXIAHICTIO BHKOPHUCTAHHS OUIBIIOTO 00’ €My
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rigpohoOHOr0 TMOKPUTTS, IO MNPU3BOAUTH JO 30UIbIIEHHS COOIBapTOCTI
npoaykiii [1].

[lepeBaroto 30BHIIIHBOTO MOKPUTTSI TKAHHH METOJIOM MPOCOUYEHHS, € T€ 10
BOHO CYTT€BO HE€ BIUIMBAE HA «IUXaJbHI BJIACTUBOCTI TKAHWHWY», IO JA00OpE s
eKCIUTyaTallii ofsary. Asie 3 yacoMm Taki GakTopu K Opy[, >KUp, ONaju, MpaHHS Ta
IHIN  3HIKYIOTh  €(PEeKTHBHICTH T1IpO(POOHOrO MPOCOUYEHHS, Yepe3 IO
30UIBIIYETHCS TOTJIMHAHHS BOJM TKAaHWHOI. ToMy IpocouYeHHs TiipodhoOHUM
MOKPUTTSAM HEOOXITHO OHOBIIOBATH. /{1 IIbOTO BUKOPHUCTOBYIOTHCS CHEIliasIbHI
copei Ta 1HII 3aco0M, K1 JO3BOJIAIOTH BIIHOBUTH 3aXHCT TKAHWHU B NOOYTOBHUX
yMOBax. AJji€ BIJIHOBJIECHHS B MOOYTOBUX YMOBax YCKJIaJHEHO TEXHOJOTIYHUMU
OCOOJIMBOCTSIMM MPOCOYYBaHHS, 1€ M TOro mooO BiaOynoca (i3uKo-XiMiuHE
3B’sI3yBaHHA T1IpOQOOHOTO MOKPUTTA Ta TKAHWHU HEOOXiJIHA BUTPUMKA TMpU
BUCOKUX TeMmIeparypax a00 BHUKOPUCTAaHHS IIKIJUIMBUX PEYOBHH  JUIA
NPUIIBUAIICHHS Tipotiecy [4].

[TocTynoBe 301IbIIEHHS] MOMUTY HAa TEKCTWJIbHI MaTepuld 3 TiipoPoOHUM
MNOKPUTTSAM Ta MIABUIIEHHS MOMYJSPHOCTI HAaTypaJIbHUX MaTepiajliB B OJs31 1
B3yTTI BUMAara€ IOJIMIICHHS XapaKTEepPUCTUK 30BHIMIHBOIO TOKPUTTS Ha
HATypaJbHOMY TEKCTUJI1, 3MEHIIIEHHS oro co01BapTOCTI Ta OUIBII MTPOCTOTO HOTO

B1IHOBJICHHS B JIOMAIITHIX YMOBax.

Bioaiorpadis:

1. Waterproof Breathable Textiles Market Size, Share & Trends
Analysis Report By Raw Material (ePTFE, Polyurethane, Polyester), By Fabric,
By Application, By Region, And Segment Forecasts, 2020-2027 [EnexTpoHHwMit

pecypc] // Pexum nmoctymy mo pecypcey: https://www.grandviewresearch.com/industry-

analysis/waterproof-breathable-textiles-industry.
2. Marmur, A. The lotus Effekt: Superhydrophobicity and Metastability /
Langmuir. 2004. V.20. P.3517-35109.

194


https://www.grandviewresearch.com/industry-analysis/waterproof-breathable-textiles-industry
https://www.grandviewresearch.com/industry-analysis/waterproof-breathable-textiles-industry

306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

3. Mimenko I'. B. Kpemnieopraniuti croiyku B Cy4acHHX TEXHOJIOTIsX
riagpodoOHoro oopobsenns tkanuuu / I'. B. Mimenko, B. B. Hazapoa. — Xepcon:
I'pins A.C., 2011. - 189 c.

4, boitnosuu JI. b. I'mapodoOHbie MaTepuanbl U MOKPHITHS: MPUHIIUIIBI
co3nanus, cBoiictBa u npumenenue / JI. b. boiinoBuu, A. M. Emenbsnenko. //
2008. — 2008. — C. 619-637.

5. Dr. Majid Hosseini. Materials with Extreme Wetting Properties
Methods and Emerging Industrial Applications / Dr. Majid Hosseini, Dr. loannis

Karapanagiotis., 2021. — 369 c.

195



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

UDC 678
THE POWER OF THE SPRAY DISPERSER DRYER DRIVE
student Khomenko M., associate professor, Ph.D. Zubriy O.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

Abstract. The energy consumption in the dispersant is considered spraying
dryer. Useful energy consumption is the consumption of energy to accelerate the
liquid in the spray. The theoretical power consumption for fluid acceleration is
calculated and their comparison with the installed power is presented. Power
during the start-up period is analyzed.

KEY WORDS: DISPERSER, KINETIC ENERGY, POWER DURING
OPERATION AND START-UP PERIODS

MNOTYKHICTb IPUBOY JUCHEPI'ATOPA PO3IUJIIOBAJIBLHOI
CYIHAPKHA
MaricTpanTka XoMeHKo M, K.T.H., go1. 3yopiit O.T.

Anomauia: Poszensanymo sumpamu eHepeii 8 oucnepzamopi
posnuntosanvhoi cywapku. Kopucrnor € sumpama enepeii Ha NpUCKOpeHHs piouHu
68 posnumosadi. Pospaxosano meopemuuni eumpamu  NOMYICHOCMI  HA
NPUCKOPEHHS PIOUHU mMa NpeoCmasieHo IX HNOPIBHAHHA 3 BCHAHOBIEHOH
nomyocnicmio. Ilpoananizosano nomys’cHicms. 8 nNyckogull nepioo

K/IIOYO0BbI CJIOBA: JWUCIIEPTATOP, KIHETHMYHA EHEPI'TA,
[IOTYXXHICTb B POBOUYUI TA ITYCKOBUI ITEPIO/I.

In spray dryers use centrifugal sprayers designed for fine spraying of
solutions, suspensions. The high-speed shaft of a spray disk is put in rotary
movement through the raising chevron reducer. Centrifugal electric blade sprayers
and centrifugal electric nozzle sprayers are used. Technical characteristics of
sprays are given in [1, v.2 p.827].

Circular speed of disks is maintained at the level of 105-140 m/s.

When moving in the disk, the fluid acquires a portable (circular) and relative

velocity. In the absence of drag, the portable and relative velocities are the same
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and equal to the maximum value of W = w - R on the outer radius of the disk R,

where o is the angular velocity. Then the resulting velocity has the value Wp = W -

2 and the kinetic energy reaches the maximum value. The energy consumption

. 2
for the acceleration of the fluid in the disk is the power N = = ;’Vp , Where m is

the mass flow rate of the fluid.
The spray of liquids occurs when the liquid enters the coolant layer due to
Kinetic energy. To evaluate the efficiency of the drive, we take the maximum

power N.

The calculated power N is performed in the work and its comparison with
the installed power is performed.

Centrifugal electric blade sprayer: the installed capacity exceeds the
estimated 1,1 - 1,54; the efficiency is 0,909 — 0,66. The ratio of installed capacity
to productivity is 3,97 kW/t to 7,3 kW/(t of liquid). The results of the calculations
are presented in Figures 1.
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The upper curve - the installed power, the lower curve - the calculated power.
Figure 1 - Centrifugal electric blade sprayer.
Centrifugal nozzle spray: The installed capacity exceeds the estimated 1,23 -
1,62. Therefore, the efficiency is 0,81 — 0,62. The results of the calculations are
presented in Figures 2.
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Power during start-up is defined as the sum of the powers to accelerate to the

operating speed W of the parts of the sprayer: N; = 27 N;. Power parts calculated

by the formula N; = % where J; is the moment of inertia, i is the part number, 7

is the start time. Calculations were performed for a spray with a diameter of 120
mm [2].

g 00 ‘ g 3000 ;.‘-‘

150 00 1Y

100 4 1500 V

‘ 1000 N
- 0 10 20 30 0 50 60 : mﬁ 30 aoia'oi 9 110 :3:—1!»: —1;-::
Productivity, t/hous Startup time, 5
The upper curve - the installed power, =1 _starting power;
the lower curve - the calculated power. —— - engine power
Figure 2 - Centrifugal nozzle spray. Figure 3 - Graph of power versus

start-up time
Conclusion: according to the analysis of energy consumption of the
dispersant in the working and starting periods, it is established that the installed
engine power can be reduced by reducing the ventilation effect of the spray disk
and reducing the pumping of coolant through the disk. During start-up it is possible
to use modern methods of smooth regulation of speed of rotation.
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SOME MODERN PLATE STRUCTURES OF
PLATE HEAT EXCHANGERS
student S. Daniuk, PhD, Associate Professor, academic supervisor O. Seminskyi
National Technical University of Ukraine

Kyiv Polytechnic Institute

Abstract. According to the results of the patent research, some modern
designs of heat exchange plates are presented as the main elements of plate heat
exchangers. Features of their configurations are noted. Some modern tendencies in
improvement of designs of heat exchange plates are presented.

KEY WORDS: HOLE, PLATE, HEAT EXCHANGER.

Anomauia. 3a pezyromamamu NAMeHMHO20 OOCNIOHNCEHHS NPeOCmasieHo
0esIKi Cy4acHi KOHCMPYKYii menio0OMIHHUX NAACMUH, K OCHOBHUX elleMeHmi
NIACMUHYACMUX —~ Men1000MIHHUX — anapamie. Biomiueno ocobaueocmi  ix
KoH@izypayiti. Budineno oesaxi cyuachi menoeHyii y 600CKOHANEHHI KOHCMPYKYIU
Menio0OMIHHUX NIACTUH.

KJIFOUOBI CJIOBA: OTBIP, INTACTUHA, TEIIJIOOEMIHHMIA ATTAPAT.

Plate heat exchangers is one of the leading heat exchange equipment in
popularity for use in technological solutions, due to their advantages such as large
heat exchange surface with small dimensions, design simplicity and relative
cheapness. Mostly, dismountable devices are preferred. The main reasons for this
are the possibility of their disassembly for mechanical cleaning from slum and
other deposits and ease of repair or replacement of components.

The functional part of plate heat exchangers is carried out in a sealed set of
plates arranged parallel to each other so that the channels formed between the
plates to move coolant. Heat exchange between coolants occurs by heat transfer

199



306ipHuk Te3 nonoBigei XX MixKHaApOIHOI HAYKOBO-NIPAKTUYHOI KOH(epeHIIii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

through the surfaces of the plates due to the following organization of coolant
flows: in each plate on one side moves the flow of coolant that gives off heat, and
on the other - the flow of coolant that receives heat. Thus, the most important
element of a plate heat exchanger is a heat exchange plate.

There are many known variations of designs of heat exchangers plates, but
work on their improvement is not stopped in order to achieve even greater heat
exchange efficiency. This work is performed on the basis of the author's patent
research and is designed to highlight some features of modern designs of heat
exchange plates.

Many variants of heat exchanger plate designs are known, but work on their
improvement is not stopped in order to achieve even greater heat exchange
efficiency. This work is based on the author's patent research and aimed to
highlight some features of modern designs of heat exchange plates.

The proposed plates [1] (Fig.1), which in the inlet zone contain guide blades
that form stamped convexities and protrude into the flow channel. The guide
blades 1 are characterized by an arcuate shape with a cross section of the inflow 2
aligned parallel to the direction of the main flow, and the outflow section 3,

aligned at an angle to the inflow section 2.

1 - guide blades; 2 - inflow section; 3 - outflow section
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Figure 1 - Heat exchange plate [1]

The guide blades increase the efficiency of the heat exchanger or,
alternatively, reduce the size of the individual plates. The guide blades are made
with elongated sections of outflow, which protrude beyond the longitudinal center
of a separate plate, located mirror-symmetrically near the longitudinal center, to
avoid "dead" areas in the entrance area, especially in the area of the plate. In
addition, to stabilize the flow in the flow channel, the guide blades are located
closer to the cross section of the inflow in the longitudinal center of the individual
plates, rather than in the direction of the longitudinal face of a single plate [1].

The liquid is pumped into the heat exchange zone 2, through a large input 3
on the plate (Fig. 2) and enters the output 4. For another coolant there are smaller
double outlets 5 and 6, respectively. The liquid moves in the form guided by
corrugations 8 to the heat exchange zone 2, corrugations 7 disperse the liquid
evenly dividing to the outlets 5. Double outlets increase the contact of the coolant
with the plates in this type of plate, but have high hydraulic resistance by passing
other coolant flow paths. The situation is quite the opposite with the second
coolant, as there is a low hydraulic resistance due to the direct flow of fluid, but

there is no contact with the entire surface of the plate [2].
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1 - scattering corrugations; 2 - heat transfer zone; 3, 4 - input and output of the first
coolant; 5,6 input and output of the second coolant; 7, 8 - guide corrugations

Figure 2 - Heat exchange plate [2]

According to [3], the plates are proposed to be performed with variable
spherical protrusions and sinkholes located along the perimeter of the plates (Fig.
3). The protrusions and sinkholes on the plate are made in such a way, that the
location of the protrusions 3 and sinkholes 2 do not coincide, respectively, with the
location of the protrusions and sinkholes facing the plate surfaces of adjacent
plates. Spherical sinkholes and protrusions create effective contact of the liquid

with the plates, which improves heat transfer.
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1

/

1 - heat exchange unit; 2 - spherical sinkhole; 3 - spherical protrusion

Figure 3 - Heat exchange plate [3]

The heat exchanger plate (Fig. 4) is made with a narrow inlet for fluid intake
and a wide hole for removal. This difference in the diameters of the holes reduces
the pressure in the apparatus. The guide panel 4 directs the liquid evenly to the heat
exchange zone, where the guide panels 3 are located to increase the contact of the
coolant with the walls of the plates. Spherical protrusions 1, 2 are located between
the panels, which cause the liquid to be retained, and as a result improves heat

transfer [4].

1 - small spherical protrusion; 2 - large spherical protrusion;
3 - guide panel; 4 - scattering partition
Figure 4 - Heat exchange plate [4]
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In summary, there are some trends in the design improvements of heat
exchanger plates that can be noted: 1) intensification of heat transfer to and from
the plates, which is achieved by increasing the usable area and increasing the
efficiency of contact surfaces of plates due to variation in shape and location of
protrusions and sinkholes; 2) reduction of the hydraulic resistance by the change of

location and size of the inlet and outlet holes.
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CEKLIA 2

«EKOJIOI'TA TA TEXHOJIOI'TA POCJIMHHUX ITOJIIMEPIB»
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RESEARCH FOR THE PURPOSE OF DETERMINING THE OPTIMAL
DEGREE OF GRINDING IN THE PROCESSES OF PRODUCTION OF
PAPER AND PAPERBOARD FROM WASTEWOOD
Undergraduates Kotok D., Zakharko R.,technical sciences candidate,
senior scientist, assistant professor Ploskonos V.G.

National Technical University of Ukraine

“The Igor Sykorsky Polytecnical Institute of Kyev”

Anomauia. B xo0i uxoHanHus pobomu po3pooaeHo peKoMeHOayii cmocoHo
ONMUMAILHO20 CMYNEHs MAUBA MAKYIAmypu, a maKoxic 6niuey CHyneHs
Moougikayii KyKypyO3s H020 Kael0 HA KOMNIEKC MIYHICIMHUX XAPAKMEPUCMUK 3
Memow  po3poOKuU pecypcoehpekmueHuUx MmexHoN02il 6 npoyecax GUpoOHUYMBA
nanepy i kapmony i3 maxyramypu. Ak eioomo [l], maxyramypa 6 Yxpaiui
MPAaouyiiho € OCHOBHOI BOJIOKHUCMOIO CUPOBUHOIO Y SUPOOHUYMBI KAPMOHHO-
naneposoi npooykyii. Pazom 3 mum, cneyianricmu 3eepmaioms y8azy Ha me, ujo 8
MOU dce 4ac 3HAYHO 3MIHUBCS KOMNOZUYIUHUL CKAAO MAKYAAmMypu, K 6 YLIOMY,
mak i 3a okpemumu ii mapkamu. Lleii ¢pakmop 6e3cymHi6HO 6nIUBAE HA AKICMb
20moBoi NpoOyYKyii, a maxkoxdc Ha epexmusHicmb pooOOMU MEXHON02IUHO20
001a0HaNHS, A, 8 KIHYeBOMY BUNAOKY, Ha cobisapmicmb NpoOVKYIi ma eKOHOMIUHI
NOKA3HUKU  pobomu nionpuemcmea 6 yinomy. Oxpemo HeoOXiOHO udinumu
npobemy YukIiyHoCmi UKOPUCIARH MaKyiamypu. Lls npobaema € npuxoearorio,
OCKINIbKU HUHI HEMOXNCIUBO GUIHAYUMU KINbKICMb SUPOOHUYUX YUKILIB, 8 SAKUX
MaKyiamypa uKopucmosy8aniacs, moomo CKilbKU paszié MaxKylamypHi 60J10KHA
nioo0asanucs po3NyCKAHHIO, PO3MEN08AHHIO, CYWIHHIO | mak oani. Bioomo wo
Qizuko-mexaHiuHi  NOKASHUKU  Nanepoeoco  (KapmouHO20) noI0mHua,
BUC0MOBIEHO20 13 MAKVIAMypu 3HAYHO HUMCYI, HINC Ni0 YAC BUKOPUCTMAHHSI
NepBUHHO20 BOJIOKHA. AK noxasyroms aimepamypui odcepena [1,2] ma uaykosi
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00CNIONCEHHSl OCHOBHUMU  NPUYUHAMU, WO 3SHUNCYIOMb  SAKICHI  NOKA3HUKU
B8MOPUHHUX BOJIOKOH € IX OPO20BIHHA MA PYUHYBAHHSA KANIIAPIE 80JIOKHA 8 NPOYECi
bacamopazosux yukiie 1oco o0o6pobaenns. Ocobausuil 6nIus maioms npoyecu
CYWIHHA ~mMa NPUPOOHO20 CMAPIHHA — YENIOA03HUX  BOJIOKOH, A  MAKOiC
HeCcnpusmaueull @pakyitiHul CKIa0 MaxKyiamypHoi Macu, wo, 6 C80H uepey,
3anexcums  8i0 MexHoJ02ll 8UCOMOBIEHH MUX 6UOI8 nanepy, wo 68U 00
CK1a0y MAaxy1amypu.

Kiarwouosi ciaoBa: MAKVYJIATYPA, CTYIIIHb MJIMBA, TTOKA3HUKNU
AKOCTI TTATTEPY TA KAPTOHY.

Summary. In the course of the work, recommendations were developed
regarding the optimal degree of waste paper grinding, as well as the influence of
the degree of modification of corn glue on the set of strength characteristics in
order to develop resource-efficient technologies in paper and cardboard
production from waste paper. As you know [1], waste paper in Ukraine is
traditionally the main fibrous raw material in the production of cardboard and
paper products. At the same time, experts pay attention to the fact that at the same
time the compositional composition of waste paper has changed significantly, both
as a whole and by its individual brands. This factor undoubtedly affects the quality
of finished products, as well as the efficiency of technological equipment, and,
ultimately, the cost of production and economic performance of the enterprise as a
whole. It is necessary to single out the problem of cyclical use of waste paper. This
problem is hidden because it is currently impossible to determine the number of
production cycles in which waste paper was used, ie how many times waste paper
was subjected to dissolving, grinding, drying and so on. It is known that the
physical and mechanical properties of paper (cardboard) fabric made of waste
paper are much lower than when using the primary fiber. According to literature
sources [1,2] and scientific research, the main reasons that reduce the quality of
secondary fibers are their keratinization and destruction of the capillaries of the
fiber in the process of multiple cycles of its processing. The processes of drying
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and natural aging of cellulose fibers, as well as the unfavorable fractional
composition of waste paper, which, in turn, depends on the technology of
production of those types of paper that are part of waste paper.

Key words: WASTE PAPER, DEGREE OF GRINDING, QUALITY
INDICATORS OF PAPER AND CARDBOARD.

The purpose of this stage was to conduct experimental studies to make
recommendations for the optimal degree of grinding of waste paper in the process
of studying the effect of the degree of modification of corn glue on the set of
strength characteristics of the finished product.

As you know [1], waste paper in Ukraine is traditionally the main fibrous
raw material in the production of cardboard and paper products. At the same time,
experts pay attention to the fact that at the same time the compositional
composition of waste paper has changed significantly, both as a whole and by its
individual brands. This factor undoubtedly affects the quality of finished products,
as well as the efficiency of technological equipment involved in the preparation of
waste paper, and, ultimately, the cost of production and economic performance of
the enterprise as a whole.

It is necessary to single out the problem of cyclical use of waste paper.
Cyclicality should be understood as the repeated use of waste paper in the
production of cardboard and paper products. This problem is hidden because it is
currently impossible to determine the number of production cycles in which waste
paper was used, ie how many times waste paper was subjected to dissolving,
grinding, drying and so on.

It is known that the physical and mechanical properties of paper (cardboard)
fabric made of waste paper are much lower than when using the primary fiber.
According to literature sources [1,2] and scientific research, the main reasons that
reduce the quality of secondary fibers are their keratinization and destruction of the
capillaries of the fiber in the process of multiple cycles of its processing. The
processes of drying and natural aging of cellulose fibers, as well as the unfavorable
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fractional composition of waste paper, which, in turn, depends on the technology

of production of those types of paper that are part of waste paper.

In connection with the above reasons, research studies were conducted, the
purpose of which is to determine the indicators of the degree of grinding of waste
paper, at which it is possible to achieve optimal values of the strength
characteristics of paper samples.

However, the analysis of the test results shows that it is impossible to track
the patterns of the degree of grinding mass on the strength characteristics of paper
samples, because in the process of experimental studies failed to keep the mass of
1 m2 (and, accordingly, the thickness of castings) at a given level: mass 1 m2
ranges from 64.03 to 79.94 g

In this regard, it was decided on the basis of the obtained experimental data
to develop mathematical dependences, and then determine the optimal degree of
grinding, fixing the values of flow factors at given levels.

1. The mathematical model in terms of breaking length is as follows

Y1 = 2449 + 5,36+10°5Cos3(X2)+Xs + 2,85:10%Sin?(X2)<Sin(Xs)«Cos(Xz)- (1)
- 3,40-10%:Sin(X1)<Cos3(Xs)

3. Mathematical model on the indicator of ch.p.p. looks like this:

Y, = -12,05 + 2,14.10*Cos(X2)+X3® - 23,4-Sin?(X1)~Cos(X1)~Cos(X3) (2)

4. The mathematical model for the index of tear resistance is as follows:

Y3 = 296,9 +5,91.X3- 1,81+102:Sin3(X1)-Sin(Xs) + 1,88:102*X,%Sin?(Xs)  (3)
Graphs based on the results of the mathematical model reflect the
dependence of the breaking length, the number of double bends and tear resistance

on the degree of grinding of waste paper.
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Thus, as a result of using mathematical dependences it was possible to

determine the optimal degree of grinding, which is fixed at the level of: 40-45 ° C.
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FEATURES OF PAPER AND CARDBOARD PRODUCTION
FROM WASTE MATERIAL IN LIMITED CONDITIONS
VOLUMES OF FRESH WATER USE
Undergraduate Tinytska E., technical sciences candidate,
senior scientist, assistant professor Ploskonos V.G.
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Anomauia. B x00i euxonauns pobomu po3podieHo meopemuuni 0CHOBU Mda
NPAKMUYHI peKoMeHOayii 3 po3eumky  ioeti 3aMKHYMOo20 B000KOPUCMYBAHHS
KapmoHHO-naneposozo 6upodoHuymea. OOHIEI0 13 OCHOBHUX NPUYUH, 3d SAKUMU
NPAKMUYHO HEMONCIUBO [30]IH08AMU CUCIEM) 380POMHBO20 8000KOPUCHL)BAHHSL
KapmoHHO-NAanepo8o2o UPOOHUYMEA 6i0 HABKOJIUWHBLO2O CepedosUlyd, BUCHYNAE
¢akm HakonuueHuHs 8 360POMHIX | CMIYHUX 800AX B000POIUUHHUX MIHEPANbHUX |
OP2aHIYHUX pedosuH 00 PpIBHI8, AKI GUKIUKAIOMb  [HMEHCUBHY KOPO3il0
MEeXHONI02IYHO20 OONAOHAHHSA, A MAKONC NePeuKoOHCams  HOPMATbHOMY
NPOMIKAHHIO MEXHON02IYHO20 npoyecy. Takum 4YuHOM, pO3BUMOK ioetl
3AMKHYMO20 B000KOPUCMYBAHHA 0aA2amo 6 YoMy 3anexiCumv 6i0 po3poOieHHs
meopemudHUX 0CHO8 Ma NPAKMUYHUX PeKOMeHOayill no cmabinizayii skocmi 600U
8 360POMHIX YUKIAX, YOOCKOHALEH] MeMOOi8 ananizy i po3paxyHKié KOHYeHmpayii
3a0pYOHIOIOUUX PEUOBUH, A MAKONC NPOSHO3V8AHHIO 3AKOHOMIpHOCMeEU ix
HAKONUYEHHS 8 CMIYHUX 800aX 8 Pe3YIbmami CKOPOUEHHS NUMOMO20 CNONCUBAHHSL
CBIdHCOI 8OOU.

B npoyeci 3amuxauns cucmemu 8000KOPUCMYBAHHS KAPMOHHO-NANEPOBO2O
BUPOOHUYMBA MONHCIUBA NOABA HACHYNHUX OCHOBHUX HE2AMUBHUX AGUUY:

- KOHYEHMPYBAHHA MIHEPATIbHUX eN1eKmMPOaImie;

- ni0BUWEHHs KOHYEHMPayii 6000POIUUHHUX OP2AHIYHUX DEYOBUH,
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- HAKONU4Y€HHA Oucnepcrmx 4acmok,

- AKYMYII08AHHA MENI0BOI eHeocii i, K HACAI00K, NIOGUWEHHI meMnepamypu
6000NOMOKIB.

Knwuoei cnosea. KAPTOHHO-IIAIIEPOBE BUPOFHUIITBO, CUCTEMU
3AMKHYTOI' O BOHJOKOPUCTYBAHHA.

Summary. In the course of the work the theoretical bases and practical
recommendations for the development of ideas for closed water use of cardboard
and paper production were developed. One of the main reasons why it is almost
impossible to isolate the system of return water use of cardboard and paper
production from the environment is the accumulation of water-soluble minerals
and organic substances in return and wastewater to levels that cause intense
corrosion of process equipment and prevent normal flow of technological process.
Thus, the development of ideas for closed water use largely depends on the
development of theoretical foundations and practical recommendations for
stabilizing water quality in reverse cycles, improved methods of analysis and
calculation of pollutant concentrations, and forecasting patterns of their
accumulation in wastewater by reducing specific consumption of fresh water.

In the process of closing the system of water use of cardboard and paper
production, the following main negative phenomena may occur: - concentration of
mineral electrolytes; - increasing the concentration of water-soluble organic
substances; - accumulation of dispersed particles; - accumulation of thermal
energy and, as a consequence, increase in temperature of watercourses.

Key words: CARDBOARD AND PAPER PRODUCTION, CLOSED WATER
USE SYSTEMS.

The purpose of this research is to develop theoretical foundations and
practical recommendations for the development of ideas for closed water use of
cardboard and paper production. One of the main reasons why it is almost
impossible to isolate the system of return water use of cardboard and paper
production from the environment is the accumulation of water-soluble minerals
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and organic substances in return and wastewater to levels that cause intense
corrosion of process equipment and prevent normal flow of technological process.

Thus, the development of ideas for closed water use largely depends on the
development of theoretical foundations and practical recommendations for
stabilizing water quality in reverse cycles, improved methods of analysis and
calculation of pollutant concentrations, and forecasting patterns of their
accumulation in wastewater by reducing specific consumption of fresh water. In
the process of closing the system of water use of cardboard and paper production,
the following main negative phenomena may occur:

- concentration of mineral electrolytes;

- increasing the concentration of water-soluble organic substances;

- accumulation of dispersed particles;

- accumulation of thermal energy and, as a consequence, increase in
temperature of watercourses.

From the analysis of literature sources on this topic it follows that the
mineralization in the water circulating in closed water use systems can increase
up to 11 g\l. At the same time, sulfates, chlorides and calcium cations mainly
accumulate. The presence of sulfates, carbonates or oxalates in the return water in
combination with cations of calcium, magnesium, manganese, iron, aluminum and
barium is the source of most deposits of calcium and magnesium salts, as well as
other difficulties in the production process.

One of the main problems arising from the repeated use of return water is
corrosion, which destroys technological equipment as a result of electrochemical,
chemical and biochemical processes. The rate of corrosion is affected by factors
such as the pH of the medium, the amount of dissolved oxygen, the concentration
of sulfates, chlorides, total dissolved minerals, water hardness, alkalinity or
acidity of the medium, temperature, carbon dioxide concentration and other
factors.

Thus, the need to develop a scientifically sound method of calculation
(forecasting using modern computer technology) is also caused by the fact that in
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the process of designing modern enterprises for the production of cardboard and
paper products, which plan a minimum specific consumption of fresh water, today
are virtually absent analogues, which could be used at the stage of preparation of
the project solution. Attempts to reproduce the technological conditions of the
projected enterprise at one of the existing enterprises of the industry would not
give the desired results, because each enterprise is a complex object, which is
characterized only by the many sets and devices operating in a certain mode, as
well as the original structure of their relationship. And in the conditions of
intensification of use of return waters in production process mutual influence (due
to the phenomenon of emergence) of knots (devices) grows so much that it is
impossible to know in advance how changes in structure of system or an operating
mode of devices (even one of them) will affect functioning of others nodes

(devices) and the state of all watercourses of the system.
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YK 676.166.6+661.123
OTPUMAHHS LHEJIOJIO3U AJA XIMIYHOT'O NIEPEPOBJIEHHA 13
CTEBEJI HIIEHUYHOI COJIOMHU
marictpant 3axapko P. M., H.c. flmenko O. B., mpo@., k.x.H. bapbam B. A.
HanionanbHui TexHiYHMIl yHIBepcuTeT YKpaiHu

«KuiBcbKuil nmoiTexHivHui iHcTutyT iMeHi Irops Cikopcbkoro»

AHoTamis: /locniodceno npoyec OmpumaHHs i3 cmebdel NUEeHUYHOI CONoMU
Yentono3uU 05 XiMiuH020 nepepodieH s WISIXOM NPO8eOeHHs 080X CMAOill XIMIKO-
mepmiunoi  00pobKku.  Bcmanoeneno, wo 6  pesyrbmami  npoGeoeHHs
OpPcaAHOCOJIbBEHMHO2O 6apiHH}l OMmMpumMaHo uyenoa03y 13 3aMUUKOBUM BMICMOM
aieniny 1,92 % i minepanvhux peuosun 6,7 %. Iloxazano, wo 30inbueHHs
MPUBAIOCMI JYHCHOI 00pOOKU NPU3800Umv 00 3MEHUIeHHS 6MICHY JIcHIHY |
MIHEPANbHUX pedo8UuH 00 piGHs, KUl BIi0N06I0ae BuMo2am 00 Yenioa03u,
nPUOAMHOIL 015 XIMIYHO20 nepepoOneHHs..

KarwuwoBi caoBa: [IIIIEHWMYHA COJIOMA, OPI'AHOCOJIbBEHTHE
BAPIHH/I, JIY2KHA OBPOBKA, IEJIFOJIO3A, JIITHIH, 30JIA

Summary: The process of obtaining pulp from stalks of wheat straw for chemical
processing by carrying out two stages of chemical-heated treatment has been
studied. It was found that as a result of organosolv cooking pulp with a residual
content of lignin of 1.92% and minerals of 6.7% was obtained. It is shown that
increasing the duration of alkaline treatment leads to a decrease in the content of
lignin and minerals to a level that meets the requirements for cellulose suitable for
chemical processing.

Keywords: WHEAT STRAW, ORGANOSOLV PULPING, ALKALINE
TREATMENT, CELLULOSE, LIGNIN, ASH

OTpuMaHHS CUHTETUYHHUX TOJIMEPIB 3 MPUPOAHUX BHUUEPITHUX JIKEpET
€Heprii Ha ChOTOAHINIHIN JAEHB SIBJISE COOOK0 BUBUCHHM Ta PO3BUHEHUN HAIPSIMOK
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B XiMil moiMepHuX croiayk. OgHaK 3 9acoM mepe; JIF0ICTBOM MOCTaIu JBI TOCTPI
npobiemMu: mnepepoOka BUKOPUCTAHOIO IJIACTUKY Ta HOTO 3ryOHMN BIUIMB Ha
HaBKOJIMIITHE cepenopuine. OTHUM 13 NUIAXIB BUPIMICHHS €KOJIOTIYHUX MPOOJIEM €
CTBOPCHHSI IPUHITUTIOBO HOBUX MPUPOJTHUX IOTIMEPIB HA OCHOBI IIEITIOJIO3H, SIKA €
€KOJIOTTYHO O€3MEeYHUM Ta BIJJHOCHO HIBUKO BITHOBIIOBAILHUM PECYPCOM.

OCHOBHOIO CHPOBHHOIO /ISl OTPUMAHHSI IIEJII0JI03U Y CBITOBIM 1IEMIOI03HO-
NanepoBiii MPOMUCIOBOCTI 3aJMINAETHCSA JI€PEBUHA XBOWHMX 1 JIMCTSIHUX TOPII.
BupyOxu iciB Ta I0Bra TpUBaIiCTh POCTy AepeB (y cepeaabomy a0 80 poKiB IS
XBOMHHUX Mopif 1 10 120 pokiB Aist OYKOBUX) MPU3BOMASITE O 3MEHIIIEHHS CBITOBHUX
3amaciB JIEPEBMHU 1 HAJA€ TOIITOBX JUISl MOIIYKY aJbTePHATUBHOI POCIUHHOT
CUPOBHHH. TaKo CHPOBHHOIO MOXKE OYTH HEIEpEBHA POCIIMHHA CUPOBHHA, SIKA 32
XIMIYHUM  CKJIaJIOM OCHOBHUX KOMIIOHEHTIB Ta JOBXKHUHOIO BOJIOKOH HE
MOCTYIaeThes AepeBuHi. Jlo mepeBar BHUKOPUCTAHHA HEJAEPEBHOI POCIUHHOL
CUPOBHHM HAJIeKaTh: MPOCTOTA ii OOpOOKHM, IIOpIYHA MOHOBIIOBAHICTH, MEHIII
BUTPATHU PEAreHTIB Y MOPIBHIHHI 3 00POOKOIO JEPEBUHH.

VkpaiHa, sK KpaiHa 3 PpO3BHHEHHM CLIBCBKMM T'OCHOJApCTBOM, 32
OOMEKEHUX 3amacax JAEpeBUHHM IIOPIYHO 30Mpae BEIMKI BpOXkKai 3€pPHOBHX
KyJbTYp, MICHS 300py SAKUX 3aJIHINAIOTHCS MIIH. TOHH COJIOMH. 3a XIMIYHHM
CKJIaJIOM OCHOBHHMX KOMIIOHEHTIB (II€JIFOJI03H, JIITHIHY, reminentono3u, CXKB,
MIHEpaJIbHUX PEUOBUH) COJIOMA 3JIAKOBUX KYJIbTYp OJM3bKa JO JIEPEBUHHU, a 3a
JIOBKMHOIO BOJIOKOH HE TIOCTYMAEThCS JUCTSHIN IEPEBUHI, 1 TOMY PO3TJISIal0THCS
K I[IHHE JIPKEPETIO 101031 Ta ajJbTepHaTHBa JAepeBuHi [1].

Hait6111p111 po3MmoBCIOHKEHUMH METOJIaMH OJICPKaHHS IICIFOI03U Y CBITOBIM
MPaKTULl 3aJUIIAIOTECA CynbGaTHUA Ta Cynb(ITHUI crocoOu nenirHigikarii
POCIMHHOI CHPOBHHM, $KI HAHOCATh IIKOAY JOBKUUIIO 1 MOTPeOYIOTh
YIOCKOHAJIEHHS 1 CTBOPEHHS HOBUX OUIBII €KOJIOTIYHO YHCTHUX TEXHOJOTIH
nepepoOICHHsT POCIMHHOI CHPOBHMHHM Ha [emtono3y. Jlo Takux MeTomiB
BITHOCSITBCS, 30KpeMa OpPraHOCOJBBEHTHI CIOCOOM OJACP)KAHHS IIETIONIO3H, SIKI
JTIO3BOJIAIOTH BIJIMOBUTHCS BijJ HEOE3MEUHUX XIMIYHHUX PEUOBUH Ta 3MEHIIUTHU
HaBaHTAXXEHHS Ha JOBKULIA. ToMy MeTOw poOoTH Oyio OAep>KaHHS €KOJOT14HO
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0€3MeUYHNM OPraHOCOJIBBEHTHUM CIIOCOOOM AelirHidikaiii coJoM’THOT 1eTI0I03H,
OpPUAATHOI Uil XIMIYHOTO  TIEepepoOJIeHHs, 30Kpema Uil OJiep KaHHS
HAHOIICJTIOJIO3H, €TEPIB Ta €CTEPIB ICITFOIO3H.

JIIst OTpuUMaHHS TETI0JI03M BUKOPHUCTOBYBAIM CTe0Ja COJIOMH TIIICHHMIII
KuiBcbkoi obnacti Bpoxkaro 2019 poky. CepenHiil XiMIYHUN CKJIaJ B1JIHOCHO
a0COIOTHO CyX01 CUpOBHHH (a.c.c.) cTaHoBHB: 44,2% uentonosu, 18,6% mirxiny,
25,2% mnento3aniB, 4,2% 3o0mu, 4,9% cmonu, kupiB Ta Bocky Ta 71,8%
XOJIONEeNMIONO3u. JI7si BapiHHS BUKOPUCTOBYBAIM CIYKy TIIIEHHYHOI COJIOMHU
po3mipoM 10 — 15 MM 6e3 By3:iB, BMICT 30JIM SIKUX CTaHOBUTH 7,76 % Bim macu
a.c.c. [Ipomec oxepskaHHs 1IEIOJIO3U CKIIagaBcs 3 ABOX cTamiil. Ha mepmriit cramii
MPOIIeC BapiHHS IMEIFOJIO3W MPOBOAUBCS B PO3YMHI KPYIKAHOI OITOBOT KHUCIIOTH 1
nepokcuy BojHio 13 criBBigHomeHHsM CH3COOH : H,O2 = 70 : 30 o6'emaux %,
3a temrepatypu 97+2 °C 1 rigpomonyns 10:1 mporsrom 180 xB. Taki ymoBu
IIPOBEJICHHS BapiHHS B3ATI HA OCHOBI MPOBEIEHUX paHIlIE NOCHIKEeHb [2, 3].
OTpumaHa 11eJ110JI03a PETETHHO BIIMUBAETHCA Bl 3aJIUIIKIB PEAreHTIB 1 MPOIYKTIB
peakilii Ta Mana Buxija 46,6 %, BMmict JirHiny 1,92 % 1 3omu 6,7 % Big macu a.c.c..

3 METOI0 3HMKEHHS BMICTY JIITHIHY 1 MIHEPAJIbBHUX PEYOBUH B ILIEJIIOJIO31 HA
Jpyri ctanaii mpoBoauin ii 00pooky po3zunHoMm NaOH 3 Butparoro 5 % Bin macu
a.c.c. 3a rigpomoayns 10:1 ta remneparypu 97 + 2 °C npotsarom 60-180 xB. Ha
puc. 1 1 2 HaBelIEHO 3aJIEKHOCTI BUXOJY, 3aJUIIKOBOTO BMICTY JIITHIHY 1 30JIM B

OpraHOCOJIBBEHTHINA COJIOM SIHIN 1I€JTF0JI031 B1Jl TPUBAJIOCTI JTY>KHOI 0OpOOKH.
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Sk BUAHO 3 HaBEICHUX Ha puc. 1-2 maHuX, 31 30UIBIIEHHSIM TPUBAIOCTI

Mpolecy JYy>KHOTO OOpOOJIeHHST 3aJUIIKOBUN BMICT JITHIHY 1 MiHEpaTbHUX

PEYOBHH 3MEHIIYETHCS, IO JIO3BOJISIE OTPUMATH IEITF0JI03Y HEOOXITHOT SKOCTI ISt

MOJAJILIIIOTO

XIMIYHOTO TMEpepoOJICHHS Ha IIETI0JI030BMICHI

MPONYKTH,

HaIlIpUKJIad, JJIs1 OTPUMAHHA HAHOICIHOJIO3H.
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Summary: Haseodeno 3azanvhi 8idomocmi npo caHimapHo-2ciei€HiuHi 6Uou
nanepy. 3anponoHo8ano 6UKOPUCMAHNHS papinepa OUCKO8020 OISl PO3MENIOBANHS]

macu 00 HU3bK020 CMYyneHs miued 13 36€p€9fC€HH}lM 0082HCUHU BOJIOKHA.

ACHIEVEMENT OF PAPER SUCTION INDEX
R.1. Cherepkina, associate professor, S.Y. Yatsenko, bachelor
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»
AHoTanis: Hasedeno 3a2anvHi 8i0oMOCMI NPO CAHIMAPHO-2ICIEHIUHI 8UOU
nanepy. 3anponoHo8aH0 BUKOPUCMAHHS paghinepa OUCKOBO20 OJisl PO3MENIOBAHHS

macu 00 HU3bKO20 CMYneHs miued i3 36€p€9fC€HHﬂM 006IHCUHU BOJIOKHA.

Sanitary and hygienic types of paper can now be attributed to the mass
types, as they are in great demand in everyday life as a way of hygiene, as well as
in medicine. Depending on the type of product, its area of application, base paper
with certain physical and mechanical properties is used — strength in dry and wet
conditions, good absorbency and looseness, softness, low dustiness, whiteness.

Among the most common toilet paper, paper towels, napkins, handkerchiefs,
tablecloths, cosmetic wipes [1].

Toilet paper is made from 100% cellulose or in a mixture with wood pulp
(up to 60%), from refined waste paper, simply from waste paper. Sometimes in the

composition of the pulp is added leaf pulp. To toilet paper requirements in the
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form of strength indicators during stretching in the dry state, absorption capacity,
pH value of the aqueous extract.

Paper napkins are one of the most popular hygienic products in people's
lives, catering establishments. They absorb moisture or fat well, clean hands, face
or surface, and are easily disposed of.

Paper-base for napkins should be characterized by high absorption capacity,
tensile strength in the wet state, softness, low dust, pH of the water extract.

Bleached types of cellulose from coniferous and deciduous breeds of wood
are used for production of napkins. In some cases, the composition uses bleached
wood pulp and refined waste paper.

The base paper for handkerchiefs has a fairly high requirements for softness
and absorption, which is achieved by using bleached coniferous species of
cellulose in a composition with cellulose from hardwoods up to 30%.

Paper towels are hygienic, safe resource, have a wide range and are
conventionally divided into towels for use in household and public places. Towel
paper is made of both bleached and unbleached types of cellulose. Sometimes
10-35% of hardwood pulp is introduced into the composition, and for the
production of towels of lower grades — wood masses in the range of 10 - 65% and
waste paper. In the case of wood pulp, waste paper towels are available painted in
light or medium tones. Towel paper is characterized by high strength in dry and
wet conditions and absorption. However, its softness is much lower than in other
sanitary paper types.

A special group of paper products for sanitary and hygienic purposes are
special products, medical purposes, wipes with high suction swabs for wound
treatment, adsorbent bedding, wipes impregnated with special biologically active
drugs (antimicrobial).

All types of sanitary paper are characterized by low mechanical strength and
high absorption capacity.

The aim of the work is to ensure the maximum absorption of paper by
maintaining a low degree of pulp grinding.
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Strength indicators are provided by the type of semi-finished products and

the degree of grinding. The required mechanical strength, which depends on the
strength of the individual fibers and the magnitude of the interfiber bonding forces,
can be provided by all types of fibrous semi-finished products.

The absorbency of sanitary and hygienic types of paper is one of the main
physical and mechanical indicators, which characterizes its properties and depends
on the absorbed liquid, as well as on the physical properties of the paper micro-
and macrostructure. To obtain a high absorption capacity, the paper must have a
weakly bound structure and high porosity, which is achieved by technological
solutions, including the use of semi-finished products of the garden stage of the
mill 19 — 32°SR, as well as maintaining the maximum fiber length. To prepare this
mass use disk refiners with a headset that provides a mode of "combing™ with

minimal shortening of the fiber length.

\

b e i | { e v }D]M[
3‘—"“‘: mﬁ

NEr=
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Picture 1 — Sutherland refiners with one fixed and one rotating disk

Single-discs well refine and fibrillate the fiber without shortening, increasing
the strength of the paper, at a low degree of grinding mass. This mass is well
dehydrated on the grid of the paper machine. Disk refiners have greater power and
productivity, are simpler and cheaper to maintain, and use less energy to grind [2].
Jliteparypa.
1.H.®. IlectoBa. TexHoJOrUs MPOM3BOACTBA CAHUTAPHO-TUTMEHUYECKUX BHUIOB
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STUDY OF THE EQUATION OF MATHEMATICAL MOVEMENT
PENDULUM WITH USE SECOND LAGRANGE EQUATION
Student Stasiuk A.Y., Doctor of philosophy, Associate Professor Shtefan N.I.

ctyaeHT Craciok A.1O, k.T.H., nonenT llredan H. 1.

National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute"

Annotation. The work is devoted to the study of the question of obtaining the
equation of motion of a mathematical pendulum using the Lagrange equation of
the second kind. The mathematical pendulum is considered as an example of a
holonomic system. The corresponding Lagrange function is made. Differentiating
this function accordingly, we compose the Lagrange equation of the second kind.
Solving this equation determines the equation of motion of the mathematical
pendulum.

Keyword: NUMBER OF DEGREES OF FREEDOM, GENERALIZED
COORDINATES, LAGRANGE FUNCTION.

JAOCJIIIZKEHHSA PIBHAHHSA PYXY MATEMATHYHOI'O
MAATHHUKA 3 BUKOPUCTAHHAM
PIBHSAHHSA JIAT'PAHXA APYI'OI'O POAY

HaunionanbHuil TeXHiYHU YHiBepcUTeT Y KpaiHu

«KuiBCbKMiA noniTexHiYHUM IHCTUTYT imeHi Iropa CikopcbKoro»

AHoTauisi. Poboma npuceaueHa OOCHIONCEHHIO NUMAHHA NPO OMPUMAHHS

DIGHAHHA PYXYy MamemMamuyHo20 MAAMHUKA 13 3ACMOCOBAHHAM  DIGHAHHA
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Jlaepanoica opyeoco pody. MamemamuuHuti MasmHuKk po32is10acmvcs sIK NpUKIao
2onoHomuoi  cucmemu.  Craaoeno 8i0nosiony  @yukyito  Jlaepamoica.
Hughepenyiorouu  yro  @Qyukyito  GIONOGIOHUM  YUHOM, CKIAOAEMO PDIGHAHHS
Jlazpansca opyzo2o poody. Po3é’asanns yvbo2o piensanHA U3HAYAE DIGHAHHS DYXY
MaAmMemMamuyHo20 MAsIMHUKA.

KmouoBi cioBa: MATEMATUYHNIN MASITHUK, PIBHSHHS JIATPAHXA
JAPYI'OI'O POJY, I'OJIOHOMHA CHCTEMA, YHCJIO CTEIIEHEU
BIJIBHOCTI, Y3AT'AJIbHEHI KOOPIMHATU, ®YHKIIIA JIATPAHXA.

Let us investigate the question of obtaining the equation of motion of a
mathematical pendulum, using the Lagrange equation of the second kind.
As is known, the mathematical pendulum is a holonomic system. therefore,
according to the method of applying Lagrange equations of the second kind, we
determine the number of degrees of freedom of this system (S=1), and for the
generalized coordinate we choose an angle ¢ — angle between pendulum deviation
and vertical deviation, that is g=¢. Suppose there is no resistance force, so we

have one equation:

ddL _dL _ o .
dtdp deo (1)

where L=T-IT —is a Lagrange function.

It is known that the kinetic energy of a mathematical pendulum
T = %i‘ﬂ(i’z + y?),

and: x=1 sing, y=1 cosg.

Then we find:
1

T= ml?¢?,
To calculate the potential energy of a mathematical pendulum, we consider that
zero equivalent surface surface passes through its low position, therefore:
[I=mg (1l — cosyp).

So the Lagrangian function of a mathematical pendulum has the form:
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L= im.!quz —mg (1 — cosg).
By differentiating this function accordingly, we construct the Lagrange's equation
of the second kind in form(1)
¢ —7sing =0 (2)
This equation is non-linear. His solution is well known from the
mathematical literature.
If the angle of deviation of the pendulum from the vertical is small, the
equation (2) is linearized, that is:
G+29 =0 (3)

And his solution has the form:

Q= Asin.(ﬁt + a).

This example illustrates the advantages of applying the Lagrange's equation
of the second kind over the Lagrangian equations of the first kind. Then even at
random values o, it is easy to find a suspension reaction, applying the D'Alamber
principle.

Therefore, the equation of motion of a mathematical pendulum using

equations was obtained.
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Annotation. The paper is dedicated to the study of determining the
momentum of the impact of support reaction if the impact is completely inelastic.
Also this paper covers determining the angular velocity of the disk after the impact
in a case of rotation of a homogeneous disk of radius R and weight m with angular
velocity wgy. The theorem of the change of the principal moment of the amount of
motion of the system relative to the axis of rotation is applied during the
researching of this question.

Keyword: AN IMPULSE, THE IMPACT OF SUPPORT REACTION,
COMPLETELY INELASTIC IMPACT, THE MAIN MOMENT THE AMOUNT
OF MOTION.

IMITYJIBC YJIAPHOI PEAKIIII OIIOPA
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AHoTauis. Poboma npucesauena 00CniodcenHio NUMAHHA NPO BUSHAYEHHS
iMnRynbCy YOapHoi peaxyii onopu, AKuWo yoap € abConiomHo HenpydcHum. Taxooic
Ys cmamms OXONJIOE GU3HAYEHHS KYMOBOI WeUOKOCMI OUCKA NICTA Yyb020 y0apy
0151 BUNAOKY 0bepmanus 00HOPIOHO20 Oucka padiyca R i macu M 3 kymoeoio
weuoxicmio Wy. Ilpu OocniodxicenHi yb020 NUMAHHA 3ACHMOCOBYEMbCA Meopema
npO 3MIHY 20J108HO20 MOMEHMA KLIbKOCHI PYXy cucmemu 8iOHOCHO 0Ci 00epmaHusi.

KawuoBi caoBa: IMIIVJIBC, VIAPHA PEAKLIA OIIOPH,
ABCOJIIOTHO HEIIPYXXHUM YJIAP, TOJIOBHUM MOMEHT KIIBKOCTI
PYVXY

We are investigating the question of determining the pulse of the impact of
support reaction, if the impact is completely inelastic, and the angular velocity of
the disk after the impact in a case of rotation of a homogeneous disk of radius R
and weight m with angular velocity wg.

Let's assume that at the rim of the disk at a velocity v, hit the material
point of weight m;.

By the theorem to change the main moment of movement of the system

relative to the axis OZ, we have:
K, — Koo = ) M5
k=1

External shock impulse — is the impulse of the impact reaction of the axis of

rotation S,, which crosses the axis and its moment relative to the axis is zero.

Therefore:

K

=4

=K,
— the main moment the amount of motion of system relative to the axis OZ after
and before. Find them:

K.o = K.go + Komo = Lwo + M. (m, ),

or
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K., =],wy +mvR/2,

Here K, 4o and K.,,,o equals the number of disk and point movements at the initial
time of the axis OZ.
As far as the impact is completely inelastic, then the velocity vector after
impact u; directed tangentially to the rim of the disk .
Then we have:
Lw,+myu,R= w, (I,+mR}),

or
mRewq+m v
w, = m.
According to the theorem of the change of the amount of motion of the
system
Sox = AQ,,
Soy = AQy,
Qo = myv,
Q=mu,
AQ = my(u—v).
Therefore, as a result of substitution, we have:
V3m; (mRwg+myv)
2(m+2my)

S, = —myw,Rcos 30°= —

my (2mv+3myv—mRwy)

2{m+2my)

Sey = My (v — w,R cos 60°) =
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Annotation. The paper considers the mathematical formulation of the
problem of the motion of a mathematical pendulum, as well as the study of this
motion wusing the method of Ostrogradsky-Hamilton-Jacobi. Used the
corresponding canonical equations of motion in the Hamiltonian form and get the
generating function of the canonical transformation.

Keyword: PENDULUM, CANONICAL TRANSFORMATION,
GENERALIZED COORDINATES, METHOD OF OSTROGRADSKY-
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JOCJIILIKEHHA PYXY MATEMATHYHOI'O MASTHHUKA 3A
METOAOM OCTPOI'PAACBKOI'O-TAMIJIBTOHA-AKOBI

Crynaent Kizenko I1.B., k.1.H., nouient [lItedan H. 1.

HaunionanbHUil TeXHIYHUI YHiBEpCUTET Y KpaiHU

«KuiBcbKuil nmoJiTtexHivHuid iHcTUTyT iMeHi Irops Cikopcbkoro»

AHoTaNisl. B pobomi pozensanyma mamemamuina NOCMAHOBKA 3a0ayi NPo
PYX MamemMamuiHo20 MASMHUKA A MAKONHC OOCHIONCEHHS UYb020 DPYXY 3a
oonomoeoro  memoody  Ocmpoepadcvkoco-I aminemona-Arxobi.  Buxopucmaro
8IONOBIOHI KAHOHIYHI DIBHAHHA PYXY V 2aMIIbMOHOGIU (opMi ma OmpumaHo

MBIpHY (DYHKYII0 KAHOHIYHO20 NepemeopeHHslL.
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Research of the problem of motion of a mathematical pendulum by
the method of Ostrogradsky-Hamilton-Jacobi is reduced to finding the generating

function of the canonical transformation as a complete integral of the equation of

Ostrogradsky-Hamilton-Jacobi in the form:
dv” dv”
at +H(t,g, ar)_ 0.
(1)

In this question the system with one degree of freedom to which the
generalized coordinate ¢ corresponds is studied. We apply the method of
separating variables. Since the linkage is stationary and has an energy integral, the

problem is to determine the generating function V" in the form:
V= —ht + V*((p, h),

(2)

considering that what Vg (¢, ) — complete integral of the equation
avgy

H ((pi af.p) =h

We use the corresponding canonical equations of motion in Hamiltonian
form and obtain the generating function of the canonical transformation in the
form:

V*=—ht+ IW2m [ /h —mgl(1— cosg)de. (3)

According to the Ostrogradsky-Hamilton-Jacobi theorem, we differentiate

the complete integral (3) and obtain the solution of the task:

av- B |
an v
m a9 — _
—t+ EJ:f Jh—mgl(1—cosg) - 4 (4)

or in the final form:
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m dup
t - al — E _f T = ]
2" Jh—-mgl{1—cosg)

considering that what a, — new arbitrary constant.

So,
vt
e P9
and:
P, = I/2m[h —mgl(1— cosq)]. (5)

Correlation (4) and (5) give in quadratures the solution of the problem of
motion of a mathematical pendulum. Constants @, and i are determined from the

initial conditions.
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Annotation. The work is devoted to the study of the Hamilton function on the
example of the motion of a mathematical pendulum. The canonical equations of
motion of a mathematical pendulum are compiled. The Lagrange function of a
mathematical pendulum is used. A system of two first-order equations in
Hamiltonian form with respect to two canonical variables is obtained.
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Find the Hamilton function and compose the canonical equations of motion of
a mathematical pendulum.
To do this, take the angle of deviation of the pendulum from the vertical ¥, as

a generalized coordinate , then we write the Hamilton function in the form:

H=p,p-L

Where P an impulse, for displaying an international coordinate #;
L - Lagrange function.

Using the well-known Lagrange function of a mathematical pendulum
1 5.,
L= EmI ¢° —mgl(l—cose)

we find that

op | )
Then:

H = pq,qb—%mlquz + mgl (1 — cos @)

(3)

Since formula (1), which is only a definition of the Hamiltonian function,
includes both Lagrangian and Hamiltonian variables, it is used as such, as a rule, in
general theoretical research. When solving problems, the function H is expressed

in Hamiltonian variables. Therefore, in formula (3), based on relation (2), we

should go to the variables ? and P».

From expression (2) we determine the generalized velocity
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1
ml 2

¢ = P,
and substitute it in (3).
Doing known algebraic operations and transformations we find the expression

of the Hamiltonian function of a mathematical pendulum

H(p,p,) =

p— p, +mgl(1—cosg)

(4)
Using ratio (4), we compose the canonical equations of its motion, which will

have a Hamiltonian form:

. oH H
o= 0

= , p —_
apgﬁ ? 8(0 _ (5)

Find the partial derivatives:

oH B, &H .
op, i’ %_mgsmgo.

(6)
so, we obtain an explicit form of the canonical equations of motion of the

mathematical pendulum after the ordination (6) in the right part (5):

o=""3 b, =—mglsing

Thus, determining the physical state of the mathematical pendulum by

canonical variables ¢  and Py , Instead of one differential equation of the
second order in the form of Lagrange relative to one variable - generalized

coordinate ¢, We arrive at a system of two first order equations (7) in

Hamiltonian form with respect to two canonical variables: ? and p‘/’.
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Let us consider the question of the utilization rate of kinetic energy for a
common practical case, namely, for the case of pile driving. It is known that in this

case the energy of the pile after impact is considered useful.
T,=mu/2.
In this case, the initial energy of the hammer
T,=myv. /2.
Efficiency of the pile driving process
m=T,IT,.
Provided that the speed of the pile before the impact is zero, from the known

ratios that determine the velocities of the bodies after a direct central impact, we

determine the speed of the pile after the impact:
I, = m (1+K)v,
ml + m2
Then for the efficiency we have
h= (1K)
(M, +m,)

Denote:

m/m, =X,
then from (1) we find that the efficiency

X (1+ K)z_ (2)

T (14X

i

If you accept
K = const, To 77, =13,(x) .
According to (2),
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7.=0 mpux=0;
as well as

1 — 0npuXxX—oo.

Therefore, we conclude that there is a maximum. We define it using well-

known mathematical approaches, namely, we take the derivative of the function
with respect to the corresponding parameter:

dn, _ (LK) (1+x)’ —2x4(1+ X)
dx (1+x)

Analyzing the obtained mathematical dependence, we come to the
conclusion that the maximum is reached at

x=1.
Addiction
=1 (x)
Is presented in the figures below.
If x =1, then we get
(1+K)
Thmax = T
,]1 ,’lm :
(1+K) :
4
0.25
0 1 X 0 0.5 1K
a O
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Pimenns

XX MI>XKHApOJIHOI HAYKOBO-MIPAKTUYHOT KOHPepeHITii
CTYJICHTIB, aCIpaHTIB 1 MOJIOJNX BUCHHX.
«Pecypcoenepro3bepirarodi TEXHOJIOTIT 1 00IaTHAHHS

Ha 3akmiouHoMmy 1uieHapHOMY 3acijaHHi KoH(epeHIi Oyno NpHIHATO
HACTYITHE PIllICHHS:

1. PoGoty Pagu monoaux BueHux InctutyTy TexHiuHoi terinopizuku [TTO
HAH Vkpaiau, Opranizamiiinoro komitety HarioHanbHOTO — TE€XHIYHOTO
yHiBepcuTeTy VYKpaiHu «KuiBChbKMM TOMTEXHIYHUN 1HCTUTYT iMeHi Irops
Cikopcbkoroy, Incrutyty I'asy HAH VYkpainu ta IlporpamHoro xomitety 3
MIJTOTOBKH Ta MPOBEACHHS 3aXO0JIIB Y paMKaxX MIXKHAPOJIHOT HAYKOBO-MPAKTUYHOI
KOHpepeHITii «PECYPCOEHEPI'O-3BEPIT"AOUYI TEXHOJIOI'II TA
OBJIAJHAHHS» cxBanutu.

2. 3a pe3yabTaraMu OOTrOBOPEHHS NPEJCTABICHUX Ha KOH(epeHuil
JIOTIOB1IE  BU3HATHU TIEPCIIEKTUBHICTh BUKOHAHMX JOCIIPKEHb Ta CXBAJUTH
JOLUIBHICTh MOJANBIIOTO PO3BUTKY Ta IMOIJIMOJIEHHS HAYKOBUX PO3POOOK Y
BI/IMOBITHUX HAYKOBUX HAIMpPSAMKaX, 10 BU3HAUEHI B TPOOJIEeMAaTHIll KOHPEPEHITi.

3. 3 METOoI CTBOPEHHS HAyKOBO-METOJOJOIIYHUX OCHOB BHBUYEHHS
OCHOBHHUX PECYCOCHEPro30epirarounx 3axojiiB, 00JIaJHAHHS TEIMJIOTEXHOJOTIN Ta
XIMIYHUX TEXHOJOrid B YKpaiHI PpPEKOMEHIYETbCS 3allyddTH MaTepialiv
KOH(QepeHlli 10  JUCHUILIIH «OCHOBHI mporiecu  Ta  OOJaJHAHHS
pecypcoeHeprosoepirarounx TexHojoriy» Ta «CydacHe oOjagHaHHS XIMIYHHUX
TEXHOJIOT1H» 3 pO3pOOKOI0 BiMIOBITHOTO METOIMYHOTO 3a0€3CUCHHS.

4. TlimBuIUTH piBEHb 3aJTy4eHHS CTYJIEHTIB, AacCIIpaHTIB J0 HAyKOBUX
JOCITIIKEHb Y KpaiHU B TaIy31 pecypco- Ta €eHepro30epe:KeHHH.

5. Bunartu 30ipHuK npaiib KoH(epeHiii.

6. PexomenmyBatu myOiKaIlil0 TUICHAPHUX JOMOBIAEH B KypHajdax «
XIMI4HA 1HXXEHEepIsl, EKOJIOTIS Ta pecypco30epeKeHHs», « XiMIUHA TPOMHUCIIOBICTD
VYkpainnm» ta «IIpomucioBa temnorexHikay. [Ipocutu roms cekuiii KoHpEpeHIi
BU3HAUWUTU JIOMOBi/I BIJI CEKIIA i1 ONyOJiKyBaHHS B «YKpaiHCbKOMY
AHTAPKTUYHOMY KypHATI. YyacHukam KoH(epeHIIii MPEICTABUTH
PEKOMEHJIOBaH1 JOMOBiAl Y BUINIAAl MyOJIKaliid 3TiHO MpaBWI IMyOsiKalini
BIJIMOBIJTHUX >KYpHAJIB.

7. Bu3HauuTH 3a AOUIIBHE MOWIMPEHHsS 1H(OpMalli Ipo KOH(PEPEeHIo B
3acobax MmacoBoi iH@opMalii Ta 3aJdyd4eHHS JO HACTYMHUX KOH(EPEHIIiH
IIMPOKOTO KOJIa BITYU3HIHUX 1 IHO3EMHHUX HAYKOBIIIB.

8. Opranizatopu KOH(EPEHI[i BUCIOBIIOIOTh BISYHICTH BCIM yYaCHHUKAM
KoH(pepeHiii.

3aBigyBad kadeapor0 MAIllUH Ta anapartiB
XIMIYHUX 1 HaQTOIIEpEepOOHUX BUPOOHUX /é
BUPOOHUIITBA “sfa —»  SI.M.KopHienko
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