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The final product of the technological process is petroleum coke - a solid, high-

ash, carbonaceous residue formed during the thermal decomposition of heavy
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petroleum residues, such as tar, cracking residue or asphalt. Depending on the quality
of the feedstock and process conditions, petroleum coke is divided into several types:
needle (high crystal orientation), granular, spongy and dust. The main properties of
coke that determine its consumer value include: sulfur content, metal content
(vanadium, nickel), volatile matter content and, especially important for this
modernization, residual moisture [1].

High quality coke, achieved in particular by controlling the moisture content, is
necessary for its further use. For example, anode coke should have an extremely low
sulfur and metal content, as well as low moisture (up to 0.5-1.5%), since it is a raw
material for the production of pre-burnt anodes used in electrolyzers for primary
aluminum production. Fuel coke, which has a higher sulfur and metal content, is used
as a high-calorie fuel (the heat of combustion can reach 30-35 MJ/kg), where low
moisture ensures maximum combustion efficiency and reduced transportation costs.
Thus, reducing the moisture content of coke after hydrocutting is the main goal of the
proposed modernization [2].

The technological scheme of coke production is shown in Figure 1 [3].

The raw material is fed in two parallel streams by pumps 33 into the
recuperative heat exchangers 4, where it is heated to a temperature of 425 C, enters the
right pair of furnaces 31, where it is heated to a temperature of 515-520 C. After that,
the raw material enters the rectification column 6. From the lower part of the column
6, the bottom residues are fed by pumps 30 into the furnace 32, where they are heated
again to a temperature of 520 C and through the distribution valves 2 are fed in pairs
into the column 1 (coke column). While one pair of columns 1 is being filled, the
second pair is undergoing the process of coke formation, cooling with water, cutting
the coke with a water cutter, and unloading the coke through the lower hatches. Water
vapor is taken from the upper part of the coke chambers and fed into the scrubber 37,
where it is separated into water and oil products. Antifoam additives are also supplied

to the coke chamber. From the middle part of the distillation column 6, petroleum
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products are supplied torectification column 10. From the lower part of column 10,

raw material is also fed by pump 16 through furnaces 31 into coke chambers 1.
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1- coke column, 2-distribution valve; 3, 7, 23, 26, 28, 35-condenser; 4, 17, 29-
heat exchanger; 6, 10-rectification column; 19, 18, 22-refrigerator; 8-water cooler; 9,
20-separator; 12, 34-collector; 24, 25-boiler; 5, 11, 13-16, 21, 30, 33-pump; 36-filter;
31, 32-furnace; 37-scrubber;
38 — centrifuge;39 — drum dryer

Figure 1 — Technological scheme of coke production

From the upper part of column 6, gasoline vapors and gas are fed into air
condenser 7, water cooler 8 and separator 9 at a temperature of 40 C. Gas is taken
from the upper part of the separator, gasoline and water from the lower part. Gasoline
is fed to the rectification column 18 through the heat exchanger 17. Water from the
separator 9 through the collector 12, pump 14 is fed to the heat exchanger 29, to the
furnace 31 and to the column 1. Heavy gas oil from the third plate of the column 6 is
fed to the bottom of the column 10. Light gas oil from the fourteenth plate is fed to the
top of the column 10. From the lower part of the column 10, pump 15 through heat
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exchangers 17, 24, 25, heavy gas oil is fed to the warehouse. From the upper part of
the column 10, part of the vapors is fed to the column 6, and part of the light gas oil is
fed to the warehouse through the heat exchanger 29, refrigerators 28, 27. Excess heat
from the column 6 is taken by pump 5 toheat exchanger 4, refrigerator 3, and back to
column 6. From the top of the eighteenth column, gas is taken through the refrigerator
19, separator 20 and pump 21. The part that has not condensed goes back to irrigation.
From the bottom of the column 18, through the boiler 24, part of the vapors is fed into
the column 18, and part through the refrigerator 23, 22 is fed to the gasoline
warehouse. Boiler 25 is used as a steam generator for the needs of the plant. The coke
chamber has the shape of a cylinder with a diameter of up to 5 m. and a height of 30-
35m [4].

The purpose of the work is to modernize the drum dryer.

A drum dryer is a device designed for thermal drying of wet petroleum coke,

which is formed after hydrocutting and contains a significant amount of water [5].
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Figure 2- Diagram of a drum dryer [6]

Principle of operation: Wet coke is loaded into one end of a horizontal, slightly

inclined, slowly rotating cylindrical drum. Blades (tipping devices) are attached inside
7
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the drum. The rotation and blades ensure intensive mixing of the material and its
advancement to the discharge end, simultaneously scattering the coke in a “curtain”. A
hot coolant (for example, flue gases from the furnace or hot inert gas) is supplied
towards the coke (counter-current scheme) or in one direction (direct-current scheme)
[7]. Due to convective heat exchange between the hot gas and the large surface of the
coke particles, moisture evaporates rapidly. Dry coke is unloaded, and the spent,
moisture-saturated coolant, before being released into the atmosphere, is cleaned in
cyclones or filters (18) to trap coke dust [8].

The advantages are continuous operation and high productivity. Efficiency,
which is well suited for granular, non-sticky materials (coke). The design itself is
relatively simple and reliable, also durable. Ease of operation, the possibility of using
various coolants [9].

Disadvantages - high dust generation, low efficiency with large heat losses with
exhaust gases. The design has large dimensions and high metal content of the device.

Operation has significant energy consumption for rotation [10].
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Lubricants are a class of refined petroleum products used to reduce friction and
wear of mechanical parts, protect against corrosion, and ensure reliable operation of
machines, increasing their durability and efficiency. They can be divided by
consistency: more liquid (oils) and more plastic and thick (greases), which are better
retained in the friction zone and can perform a sealing function. Compared to most
fractions of crude oil (except fuel oil and asphaltenes), they have a high boiling point
(350-575°C). [1]
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Plastic lubricants are a dispersed system consisting of a base oil and a thickener
(soap or non-soap type), and technologically their production comes down to
dispersing the thickener in oil and subsequent homogenization to achieve a given
consistency.

For soap oils, the production cycle usually includes the following stages: raw
material loading — saponification — dehydration — finishing (adding the remaining
oil and additives) — deaeration/degassing — homogenization — cooling and
packaging. [1]

Description of the technological scheme of the lubricant production process

The technological scheme of lubricant production is shown in Figure 1.

Through the heat exchanger 1, the initial mixture enters the absorber 4, where
the initial raw material comes into contact with the vapors of a mixture of water with
phenol and cresol solution, which enter the absorption column 4 from the column
dryer 16, excess vapors are released into the atmosphere. In due time, the phenol-
cresol mixture enters the upper part of the column apparatus, and phenol-cresol water
Is supplied through the tank 20 to the lower part of the column apparatus. The mode of
the apparatus 6 is limited by the temperatures of the phenol-cresol mixture and the
primary raw material. The mixture of oil, phenol and cresol is finally supplied to the
stripping columns 25 and 28, after separation, the oil is discharged into the bunkers.
[1].

Selection of type and description of device design

The modernization of the installation is aimed at increasing energy efficiency
and stability of lubrication performance by:

. Intensification of dehydration and removal of volatile components in the
stripping column to achieve the required concentrations of phenol and cresol in
lubricant production;

. Ensuring stable and controlled heat supply to the process through a steam

generator (steam for apparatus jackets, heaters, bubbling/evaporation, auxiliary needs).
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1, 2,5, 8,9, 13, 15, 17, 19, 22, 26, 29 — heat exchangers in the diagram; 3 —
tanks for cresol and phenol; 4 — absorption column type apparatus; 6 — extraction
device; 7 — extraction pump; 10 — raffinate tank; 11, 12, 16, 21, 24 — phenol and cresol
regenerators, respectively from mixtures of raffinate and extract; 14, 18 — tubular
furnaces; 20, 23 — phenol-cresol and water tanks; 25, 28 — columns for evaporation of
phenol and cresol from the mixture; 27, 30 — reflux condensers; | — initial raw
material; 1l — phenol-cresol mixture; Ill- raffinate; 1V — extraction mixture; V —
mixture of water with phenol and cresol; VI — vapor-liquid mixture.

Figure 1 — Technological scheme of lubricant production
The stripping column diagram shown in Figure 2.1 is designed to evaporate the

solvent solution from the raffinate using steam.
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The initial mixture (phenol, cresol and lubricant) is loaded through nozzle 5.
Water is supplied through nozzle 7, which rises. The evaporation process occurs
directly on the plates, which are fixed in the frames 3. The substance enters the plate,
where it contacts water vapor through holes in the caps. The purified oil is taken
through 6, and a fitting 7 is provided to remove vapors of the mixture of phenol, cresol
and water [6].

The diagram of the steam generator is shown in Figure 2.2.

]
L3
s
J

1 - elliptical cover; 2 - cylindrical shell; 3 - tsarga with plates;
4 - cube; 5 - fitting for the inlet of the refined product; 6 - fitting for the outlet of
the refined product; 7 - fitting for water vapor; 8 - fitting for releasing vapors of the
azeotropic mixture.

Figure 2.1 — Stripping column diagram
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The steam generator is a single-shell heat exchanger of the horizontal type and
consists of the following components, shown in Figure 2.2. The casing determines the
main dimensions of the steam generator, it has inlet and outlet ports, a heat exchange
surface in the form of a bundle of heat exchange tubes.
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1-housing; 2-cover; 3-moving tube; 4-pipes; 5-fixed tube grid; 6-distribution
chamber; 7-distribution chamber cover; 8-supports.

Figure 2.2. — Steam generator design diagram

The casing has the form of a welded cylindrical vessel of elongated shape, at the
ends of which on one side there is a hatch - a manhole for access to the volume of the
secondary circuit. The casing also has nozzles for the supply and discharge of the
coolant of the primary circuit, steam discharge nozzles, a flue gas supply nozzle, as

well as other nozzles and hatches for technological purposes [4]
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INFLUENCE OF MESH INSERTS ON THE STRUCTURE OF A
SWIRLING GAS FLOW IN A CYCLONE

graduate student M.V. Dyshkant, Ph.D., Assoc. Stepaniuk A.R.
National Technical University of Ukraine

""Igor Sikorsky Kyiv Polytechnic Institute

ABSTRACT: The influence of porous mesh inserts installed in the conical
part of a cyclone on the structure of a swirling gas flow is investigated. The vortex
structure is described using the combined Rankine model. The effect of the inserts is
taken into account by introducing an additional resistance term according to the
Darcy—Forchheimer model. The influence of insert permeability on the tangential
velocity distribution and the hydraulic resistance of the apparatus is analyzed.

KEY WORDS: CYCLONE, SWIRLING FLOW, RANKINE MODEL,
HYDRAULIC RESISTANCE.

BIIJIMB CITYACTUX BCTABOK HA CTPYKTYPY 3AKPYUEHOI'O
I'A30BOI'O IOTOKY B HUKJIOHI

acriipant Jqumkant M.B., k.1.H., gou. Ctenaniok A.P.
HaunioHanbHUil TeXHIYHMH YHiBepCUTET Y KpaiHu

«KuiBcbkuii mosirtexHivnuui iHcTutyT iMeHi Irops Cikopcbkoro»

AHOTAIUSA: Jocniooceno enaue nopucmux  cimuyacmux  6CMABOK,
8CMAHOGNICHUX V KOHIYHIU YACMUHI YUKIOHA, HA CMPYKMYPY 3aKPYYEeH020 2d308020
nomoky. Bcmasku 3mooenvosano ax nopucme cepedosuiye 3 BUKOPUCMAHHAM NiOX0OY

lapci—@opxeeiimepa. Iloxazano, wo 66e0eHHs NOPUCMUX elleMeHmie Ccmaobinizye
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8UXpOGe A0PO, 3MEHULYE THMEHCUBHICMb 8MOPUHHUX MeUill ma 6NaAueac Ha po3nooil
maneenyianbHoi weuokocmi. Ilpoananizosano 6naue MNPOHUKHOCMI BCMABOK HA
2iopasniyHull onip anapamad.

KJIOUYOBI CJIOBA: IIMKJIOH, 3AKPYYEHMI ITIOTIK, ITOPHUCTE
CEPUJOBUILE, CITHACTI BCTABKHN.

The efficiency of gas—solid separation in cyclones is determined by the structure
of the swirling flow and the parameters of vortex motion [1-4]. In a reverse-flow
cyclone, a double-vortex structure is formed: an outer downward vortex and an inner
upward vortex [4]. Instability of the vortex core and the development of secondary
flows may lead to particle re-entrainment and reduced separation efficiency [3].

To describe the tangential velocity distribution, the combined Rankine vortex

model is used [4]

wr, r =Ty
Vg = C

F r = To

ne o is the angular velocity in the core region,

1o IS the vortex core radius,

C is the circulation constant,

n is the vortex exponent.

In order to control the flow structure, porous mesh inserts are installed in the
conical section of the cyclone. Their influence can be taken into account by
introducing an additional resistance term into the momentum equation according to the

Darcy—Forchheimer model [5]:

S, a ! C
. = —— 1. — — 71 17
L o L 2 2]9' | L
where S; is the volumetric resistance force (source term in the momentum
equation),

v; is the iii-th velocity component,
17
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w is the dynamic viscosity of the gas,
p Is the gas density,
a IS the permeability of the porous medium,
C: is the inertial resistance coefficient.
The permeability of the mesh structure can be estimated using a Kozeny-—
Carman-type relation for packed beds [5]:
g3 d?

T 150(1 — £)2

a

where ¢ is the porosity of the structure,
d,, 1s the characteristic structural element size.

The introduction of porous inserts leads to a redistribution of tangential velocity,
a reduction in its peak values near the wall, and partial stabilization of the vortex core.
However, a decrease in permeability is accompanied by an increase in the hydraulic
resistance of the apparatus, which requires optimization of insert parameters.

Conclusion. Thus, porous mesh inserts can be considered as a means of
aerodynamic stabilization of the swirling flow, enabling control of the balance

between separation efficiency and energy consumption.
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YK 665.777.4

ABTOMATHU3ALIA NPOEKTYBAHHSA YIIOPHOT' O POJIMKA JIJIA
BAPABAHHOI CYILIAPKU

Crenypa I'.A., marictp; lllepouna B.YO., 1.1.H., npod.,

HarionansHuil TEXHIYHUN YHIBEpPCUTET YKpaiHU

“KuiBchbKUil MOMITEXHIYHUN THCTUTYT IMeH1 [ropst Cikopchkoro”

Bukonana po3pobka npospamu 0 asmomamuz08anH020 NPOEKNY8aAHHsL YNIOPHO2O
PONUKA, WO BKIIOYAE 8 cebe asmomamuyHe SUKOHanHsa 2D-kpecienus demani ma
nooyoosu 3D-mo0eni 3 MONCIUBICIMIO HANAWIMYBAHHSA PO3MIDIE 3d OONOMO2O0IH0
oianoeogoco  eikna.  Ilpocpamy — mooxcha — 3acmocosyeamu K CKIAO0BY
aA8MoMamu306aHo020 NPOEKMYBAHHA Ni0 4AC BUKOHAMHS KOHCHPYKMOPCHKUX 1
NPOEKMHUX poOim, 30Kpema Npu CMEOPEeHHI HOBUX MAd MOOEPHI3aYii ICHYIOUUX

DPO3DOONIEHUX elleMeHmi8 KOHCIPYKYIL.

Beryn. bapabanna cymiapka — 11e TEIJIOTEXHIYHUEN amapaT Oe3nepepBHOI
11, MpU3HAYEHUN I BUIAJICHHS BOJIOTH 3 CUIKHX, KYCKOBUX a00 MacTOMO I0HMX
MaTepialiB MUIIAXOM iX KOHTaKTy 3 TapsiduM CYIIWIBHUM areHToM (MOBITpsSIM a0o
JUMOBUMHU Ta3zaMu). BoHa HIMPOKO 3aCTOCOBYETHCS B XiMiuHIM, OyAlBENbHIH,

XapyoBid, TIPHUYO-METATYPT1HHINA Ta IHITUX Tady3sX MPOMHUCIOBOCTI.

OcCHOBHUM enieMeHTOM OapabaHHOI CylmIapKu € UWIIHAPUYHUN MeTaneBuil
O6apabaH, yCTAaHOBIICHUI 3 HEBEIMKUM HAXWJIOM JI0 TOPU30HTY Ta 3MOHTOBaHUI Ha
yHOpHUX poisiukax. bapa®an o0epTaeTbcs HABKOJO CBO€I OCI 3a JOMOMOIOIO
npuBoay. Ycepenuni OapabaHa posmilieHi Jjomari abo MiIHOMHI TOJUIN, SKI
3aXOIUTIOIOTHh MaTepiall, MiIHIMAIOTh WOTO Ta MEePEeCUIaloTh KPi3h MOTIK rapsyoro

rasy, 3a0e3neuyroud IHTCHCUBHUM TEIJIO Ta MACOOOMIH.
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B nmanHomy amapaTi ymopHi pOJMKH TPalOTh OYyKE BaroMy pojb B HOTO
poboOTI Tak K Oe3MocepeHbO KOHTAKTYIOTh 1 MPaIlOIOTh Mij Yac oOepTaHHs
Kopmycy cymapku, [1ig gyac mmaHoBoro abo KamiTalbHOTO PEMOHTY 4acTO BUHUKAE
HEOOX1IHICTh YACTKOBOTO a00 MOBHOT'O JIEMOHTAXY 3 3aMIHOI0 PYXOMHX JieTalien
ynopHoro By3na. Ili yac peMOHTY MOKe BHHHKHYTH MpoOiieMa 3 migdopoM
YIOPHUX POJHKIB. Y 3B’S3KY 3 IIUM IMTOCTa€ HEOOXITHICTh CTBOPEHHS 3aXOIiB, SKi
3a0e3MeuyloTh IMIBHJIKE Ta TOYHE BHUKOHAHHS KPECJICHb YIOPHHX POJIMKIB Ha
OCHOBI 3aJJaHUX TE€OMETPHUYHHUX MapameTpiB nertami. OJHOYACHO aKTyaJIbHUM €
3aBAaHHS YAOCKOHAJIEHHS i1 MOAEpHI3alli KOHCTPYKIIII YIOPHOTO POJIMKA HUISIXOM
BapilOBaHHS MOTO OCHOBHUX PO3MIPIB, OCKIIBKHA HAJINHICTE pOOOTH 0OEPTOBOTO
arperaty 3HA4HOI0 MIPOIO 3aJ€XKHUTh BiJI JIOBFOBIYHOCTI Ta PECypCy KOPIyCy

ponuka [1].

Meta poGoTH: € CTBOPEHHS IPOrpPaMHOr0 3a0€3NEUEHHs, SIke O 3HAUYHOIO
MIpOIO MPUCKOPUIIO CTBOpeHHS 2D-kpecneHp Ta 3D-mozenell ynmopHOro pojuka,
10 JO3BOJIUTH CYTTEBO CKOPOTUTH 4Yac MPOEKTYBaHHS NpU  po3poOIi

KOHCTPYKTOPCHKOT JOKYMEHTAIIi1

MaremaTuuna wmojgeab. [Ipu po3poOiii mporpam aBTOMAaTH30BAHOTO
npoekTyBaHHs (opm, sk Oa3zoBa, Oyna BukopuctaHa cucreMa AutoCAD, sika €
HaOUTBIII PO3MOBCIOKEHOIO 1HXKEHEPHOI CHUCTEMOIO [IJIi aBTOMAaTU30BAaHOIO
mpoeKkTyBaHH:A. Po3poliieHe mporpaMHe 3a0e31meueHHs 0a3yeThCs Ha BUKOPUCTaHHI
¢ynkuionanbHoi MoBM AutoLISP Ta MoBHM ympaBiiHHS A1aJOrOBUMH BIKHAMH
DCL, ue 3a0e3nedye MOKJIMBICTh 3aCTOCYBAaHHSI I1HTEPAKTHBHOTO BBEIEHHS
BUXIJIHUX JaHUX, III0 ICTOTHO CKOPOYYE Yac MiATOTOBKH MPOEKTHOI JOKYMEHTAIIIi,
a TaKOX J03BOJISIE OTPUMYBATH JIOCTYI 0 TpadiyHOi 6a3u JaHUX 13 TPOTPAMHOIO

00p0oOKOIO TEKCTOBOT ¥ uncoBoi iHGopMmartii. [2].

Po3pobnena cuctema sBisie coOO0w0 OaraTopiBHEBY BIKOHHY CTPYKTYpY,
OpU3HAYEHY JUIsl OINEpPaTUBHOIO BBEACHHS a00 KOpEeryBaHHsA MapameTpiB 1

BUKOHAaHHs KpecneHHs netani B 2D ta 3D ¢dopmati. Beenenus 1 koperyBaHHs
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iHbopMarlli 3IIACHIOETECS B IHTEPAKTUBHOMY PEXHMI 3 BUKOPHUCTAHHSIM

J11aJIOTOBOT'O BIKHA HABEJICHOTO Ha pucC. 1.

Mpaktnuna poborta X
DiareTpu JoE#1Ha
_H4t2002 D1 H
— Er : D2 -He
| 3l | o
= D3
1 0 B He  [200
e D4 950
& = _H5 (300
S G ZE| & |5 [0 ] we [15_]
S| [ TIEIR=
=y @ o Bl 3 DB |-|15|;| | _H7 |4E |
" ' (R 550
D7 [1048 | He | |
_Ha 28|
L b [112 |_F1 5|
i : % iy _b9 1088 _DH1 |15
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_HLEE00 H=(25 1
P IO [EL =2 o1 _RF
|, H5¢300)) _R13 [5E0
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Pucynok 1 — JlianoroBe BikHO yBEJIEHHSI apamMeTpiB YIOPHOTO

poJnka

3 PUCYHKY BHUJHO, II0 JiaJOTOBE BIKHO PO3/lJIE€HE Ha 2 BEPTUKAIBHUX
CEKIIli, IIe PUCYHOK KpECJEHHS Ta HOro OCHOBHI MapaMeTpH, TaKOXK Ma€ OJIHE

TOPHU30HTAJIbHC MCHIO 3HU3Y.

[Tepiia yacTuHa 11aJI0TOBOTO BiKHA, 1110 3HAXOUTHCS 3J1iBa, MICTUTh y COO1
CXeMaTH4He 300pakeHHs KpecieHHs. J[pyra yacTuHa AiaJiorOBOrO BIKHA Mae
cnucku 1e “/liamerpu” Ta “/loBxkuHA”, JUISI 3pYyYHOCTI, 3aMiCTh KOHKPETHHUX

3HaY€Hb KOXXHOTO PO3MIpy BUKOPHUCTaH1 KOPOTKI adpeBiaTypH, sIKI CHIBIAAAOTh 3
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Ha3BaMu. HacTymHa wacTWHa TpHW3HAYeHA IS YBEACHHS PO3MIpIB JAeTali 3

BIJIMOBIAHUMHU KOMIpPKaMH.
Ocrtanns vactuHa KOMAH/IU nianoroBoro BikHA 103BOJIsIE OOpATH:

e MacmTabyBaHHs  jgeTaiai  (IpUCYyTHI  Macmitabu — 30UIBIICHHS — Ta
3MCHIIICHHS);

e kHOMKY “Tect”, sika BUCTaBIIsIE BCl pO3MIPH 3a 3a3/Aalieriib 0OpaHUMU
3HauYeHHAMH (‘32 3aMOBUYBAHHSM);

o “IlepeBipka”. KHomka BUKOHY€ MEPEBIPKY aHUX BBEICHHUX B AKTHBHI
MOJIsl JI1aJIOTOBOrO BIKHA. Y pasl MOMUJIKH 3 ABJISIETECA CUCTEMHE BIKHO, B SIKOMY
BKa3ylOTbCAd KOHKPETHI TOMMJIKOBI 3HAU€HHs. Y BHIIQJIKy BIPHOTO YBEICHHS
BiJIOYBAa€ThCSl TOBIJIOMJICHHS, 110 TOMWUJIOK HE 3HaijeHo. be3 HaTthcHeHHA
“IlepeBipku” kHONKH ‘“2D” Ta “3D” He aKTUBYIOTHCS.

e “2D”. Bukonye 2D-kpecieHHs AeTalll 3a 3aIaHUMH pO3Mipamu;

e “3D”. CtBOproe 3D-Mozenb aeTati 3a 3aJJaHUMHU PO3MipaMH.

e “Cancel”. Buxin 3 MeHIO JiaJloroBOro BiKHA Ta BiJMIHA BHUKOHAHHS
MIPOTPaAMHU.

Ha puc.2 mnpuBeneHi pesynbTaTH BHUKOHaHHS KpecieHHs Ta 3D

KOHCTPYKIIi TpU yBeACHHI 0a30BUX JIAHUX JIJIs IECTEPHI MPUBOJLY.

\ "':'/j
NN 1 ///

Pucynox 2 — [ToOyaoBa TUIIOBOTO KpeCIeHHS
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YIIOPHOTO POJIMKA
a) KpecJeHHs JieTall; 0) TBepaoTiIbHA MOIEITb

J7is KpecieHHs MOKa3aHOTO Ha PUCYHKY BUKOPHUCTOBYIOThCSI BUXITHI JaHI
OTpUMaHi 3 po3paxyHKy Oa30BHX TEXHOJIOTIYHUX MapamerpiB getani. [licisa
YBEICHHS BKa3aHUX MMapaMeTpiB B JiaIOTOBE BIKHO BHUKOHYETHCS PO3PAXyHOK
HEOOXITHUX TEeOMETPUYHMUX MapaMeTpiB KOHCTPYKIi, Oymyerbca 3D monenb
tunty SOLID (puc. 26) Ta BUKOHY€TbCSI KPECJIEHHS YIOPHOIO poJiuka (puc.2a).
I[To 3D mogeni, 3 JOMOMOIOK Bi3yaJbHOI'O KOHTPOJIO PO3POOHUK aHaJI3ye

OTPUMaHYy JIE€TAJIb 1 IPX HEOOX1AHOCTI BHOCUTH HEOOX1HI 3MIHH B KOHCTPYKLIIO.

Takum uYMHOM po3po0iieHa MporpaMa MOKE€ BHUKOPHUCTOBYBATHCH SIK
CKJIQJIOBUM  €JIEMEHT Uil  BJOCKOHAJIEHHS METOJIB  aBTOMAaTH30BaHOTO
MPOEKTYBaHHS NPU BUKOHAHHI KOHCTPYKTOPCHKMX Ta IPOEKTHUX POOIT B
po3po0Ill HOBUX Ta MOJEpHI3aIli JifounX MexaHi3MiB npuBoay. Lo 3HauHOrO
MIpOIO IPUCKOPIOE pO3pOOKY Ta MEPEBIPKY AETAJl, IO EKOHOMUTH Yac Ta 3aTPaTH
Ha MOJAJBII PEMOHTHI pOOOTH, Ta MiJ Yac aHali3y po3poOJIeHOT AeTalll MOXKHA

BXKE€ TIEPEUTH /10 BUTOTOBJICHHS 200 3aKyMIBJIsl aHAJIOTIB.

BucnoBku. Po3pobnena mnporpama uisi  BIOCKOHAQJICHHS  METO/IIB
aBTOMAaTU30BAHOI'O IPOEKTYBAHHS YIOPHOI'O POJIMKY Ta JO3BOJISE BHUKOHYBATH
2D-kpecnenns ta 3D-momens tumy SOLID. B mporpamHomy 3abe3nedeHHi
BUKOpHUCTaH1 (yHKII0HaIbHa MoBa AutoLISP Ta MoBa ynpaBiiHHS 11aJIOTOBUMHU
BikHamMu DCL, 1m0 mae 3Mory 3acTOCOBYBaTH 1HTEPAKTUBHUN PEXHUM YBEICHHS
JAHUX Ta KOHTPOJIIOBAaTH iX 3HAYEHHS, IO 3HAYHO MiABUIIYE MIBHIKICTH Ta
e(eKTUBHICTh BUKOHAHHS KOHCTPYKTOPCHKOI JOKYMEHTAIlll 1 Ja€ MOXJIHMBICTh
OTEepaTUBHOI 3MIHM PO3MIPHUX JAaHUX Ta KOPETYBAHHS 3HAY€Hb KOHCTPYKTUBHUX

PO3MIpH JIeTalli B MPOIIeCi MPOSKTYBaHHS.

Takox Oyno 6 He MOraHo BUKOPUCTOBYBATH JaHy MPOTrpaMmy B TaHAEMI 3
nporpamMauM 3abe3nedeHHssM VESNA, mo gacte 3Mory 3pa3y MepeBIpUTH 4Yd

JaHa KOHCTPYKIIiS 33J0OBIJILHSE€ YMOBH MIITHOCTI Ta CTIMKOCTI 1 Bpa3i HEraTUBHOTO
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pe3ynbTaTy 3MIHUTH MapaMeTpu B aBTOMATU30BaHIM MPOEKTHIM CUCTEMi sKa

HaBeJIEHa BUIIIE.
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MOIEPHI3ALIS HNIAIT'PIBAYA BUPOBHUILITBA ®OPMAJIIHY
OKUCHEHHAM METUWJIOBOI'O CIIUPT
crynentka Margiituyk B. C., ct.Buki., PhD, [Toguman I'. C.
HauionajbHuUil TeXHIYHUA YHIBEepCUTET YKpaiHu

“ KuiBcbkni mojiitexHiyHuii iHcTutyT iMeni Iropsa Cikopcebkoro ”

AHOTAUIA: V pobomi pozenamymo numanHua MmoOepHizayii nidiepieaua
VCMAHOBKU 8UPOOHUYMBA POPMANIHY, WO NPAYIOE 8 MEXHONI02IUHIl cCXeMi OKUCHEHHS
Memui08020 CHUPMY.

KJIIOYOBI CJIOBA: [MIIIT'PIBAY, TEIIJIOOBMIHHUK,
BUPOBHUIITBO, ®OPMAJIIH, METUJIOBUI CIIUPT.

MODERNIZATION OF THE HEATER FOR FORMALIN PRODUCTION BY
OXIDATION OF METHYL ALCOHOL
Student Matviichuk V. S., Senior Lecturer, PhD, Podyman H. S.
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: The paper considers the issue of modernization of the heater in
the formalin production unit, which operates within the technological scheme of
methyl alcohol oxidation.

KEYWORDS: HEATER, HEAT EXCHANGER, PRODUCTION,
FORMALIN, METHYL ALCOHOL.

VY TEeXHOJIOT14HIN cxemMl BUpOOHUITBA (pOpMaliHy, KU 31MCHIOETHCS MIJISTXOM
KaTalli30BaHOTO OKWCHEHHS METWJIOBOTO CHUPTY, 3HA4YHY pOJIb BIJITPArOTh
TEIUIOOOMIHHI ~ amapaTH, 10 3a0e3NeuyyloTh ONTUMAaJbHUM TEroBUM  OanaHc
TEXHOJIOTIYHUX TMOTOKIB. DOpMalliH YTBOPIOETHCS B E€K30TEPMIUHIM peakiii, ska

CYMPOBOKYETHCSI 3HAYHUM BUJIIJICHHSM TEIUIa; TOMY JIJISl MIATPUMAHHS HEOOX1ITHO1
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TEMIIEPATypU PEaKTOpa, MiITOTOBKUA BUXIAHOI CUPOBHHU Ta OXOJOPKEHHS MPOIYKTIB
peakiiii Ha pI3HUX CTaJiIX BHKOPUCTOBYIOTBCS MIJAICpiBaul MW  OXOJIOKYBadi.
OcHoBHMM amaparoM s peanmizamii 1UX  QYHKIIH € TOPU30HTAIbHUMN
KOXKYXOTPYOHUH TEIJIO0OMIHHUK.

['Opu3OHTANIBPHUN  KOXKYXOTPYOHHMM TEIJIOOOMIHHHUK y CXeMl OKHCHEHHS
METHJIOBOTO CIIUPTY BUKOHY€E KUTbKa KItouoBUX (GyHKIIN. [lo-mepiie, BiH 103BoJIsE
MONEPEAHbO TMITITPITH TOTIK METHJIOBOTO CHUPTY abo0 peakIiiHOoi CyMill [0
TeMIepaTypu, OMM3bKOI 10 ONTHUMAIBHOI ANl PeakTopa, L0 MiJBUIIYE KIHETUUHY
HIBUJKICTh Mpolecy U craOuibHICTh peakuii. [lo-mpyre, TEmIoOOMIHHUK 31aTHUN
BIIOMpATH HAJJUIIKOBY TEIUIOTY 3 PEaKLIMHOI 30HM MICJIsI OKMCHEHHS, 10 JO3BOJISE
MIATPUMYBATH BCTAHOBJICHI TEMIIEPATYpPHI PEKUMHU 1 3a11001raTu NeperpiBy CUCTEMH.
[To-Tpere, y CKIaAHMX CXeMaX 13 BHUKOPUCTAHHAM peEKymeparlii eHeprii Taki
TEIJIOOOMIHHUKM BXOJSITh JO KOHTYpIB, JI€ Taps4l MOTOKH TIEpeJaloTh TEIIo
XOJIOHIIIMM, 3MCHIITYIOUH 3arajbHe eHEeProcIoXUBaHH mianpuemcTea [1,2].

OaHuM 13 TEpPCHNEeKTHUBHUX HANpsMIiB MOJEpHI3allli € BUKOPUCTAHHS
HEPIBHOMIPHOrO MpoQuIto pedep BHYTPIIIHBOI ad0 30BHIIIHBOI MOBEPXHI TPYO, Mpu
AKOMY BHCOTa Ta/ab0 KpOK pedep 3MIHIOIOTHCS Y3JO0BXK JOBXKWHUA Tpyow st
ONTUMAJIBHOTO PO3IMOALTY TEIUIOBOro moToKy (pucyHok 1). Takuii migxia m03BoJisie
aJanTyBaTU T€OMETPII0 MOBEPXHI J0 3MiH TEIJIOBUX HABAaHTAXKEHb Y3JIOBXK amapara,
MIJIBUIIUTH JIOKaJbHUM KOE(DIIIEHT TEeIIOBIAa4ul Ta 3MEHIIUTH T1APOAWHAMIYHI

BTpartH [3].

*

Pucynox 1 — 300paxkenHs pedep Ha 30BHIIIHBOI MOBEPXHI TPYO
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HepiBHoMipHUIT ipodins pedep nependayae, Mo 1Mo AOBKUHI TPYOH mapaMeTpu
pebep HE € TOCTIMHMMH, a 3MIHIOIOTBCS BIJAMOBIAHO 10 JIOKAIBHUX BHUMOT [0
teronepenadi. OCHOBHI BapiaHTH peajtizarii:

3MiHHA BHcCOTa pebep: y TNeplid YacTHHI TEIIoOOMiHHOI Tpyou (ze
B110yBa€ThCsl HAMOUIBII 1HTEHCHBHA KOHJIEHcallisa abo HarpiB) peOpa MOXYTh MaTH
BEJIMKY BUCOTY JJIsl 30UIBIIICHHS MIOBEPXHI KOHTAKTY 3 TEIJIOHOCIEM Ta 1HTeHCHU (KAl
TEIJIOBOTO TMOTOKY. Y HIKYMX TEIJIOBUX HaBaHTAXKEHHSIX BHCOTa pedep Moxke
3MEHIIYBATHUCS JJIsl SMEHIIICHHS T1IPaBIiYHOTO OIOPY.

3MIHHUH KpoK peldep: MOYATKOBl AUIAHKKM TPYOM MOXKYTh MaTH MEHIIHMA
MDKpeOEepHUN KPOK, IO MIJICUIIIOE TYpPOYJICHTHICTh MOTOKY Ta 301IbIIYy€ JIOKATbHUN
KOe(ilI€HT TEeIUIOBAIaul. Y JUISHKaX 31 CIa0IIo TEIJIOBOIO MOTPEOOI0 KPOK pedep
MO3Ke 301IbIIIYBAaTUCS, 3MEHIIIYIOUH BTPATH TUCKY.

Taka KOHCTpyKIlisI MOXKe OyTH peanizoBaHa [UISIXOM  MEXaHIYHOTO
npoQuUIIOBaHHA TpyO, CIELIAJIbHOIO BaJbIIOBaHHS, JIA3€PHOTO TpaBJIEHHA, abo 3a
JIOTIOMOT'OI0 BHCOKOTOYHHMX METOJIIB JIUTTS/€KCTPY3ii, M0 J03BOJIAIOTH OJEPKyBaTU
pebpucTi mpodii 3 MIHIMBUMH HapamMeTpamHu.

3MmiHHa TeoMeTpis pebep cTBOproe AudepeHIliioBaHI YMOBHU Tedili MOTOKY B
PI3HUX JIISHKAX TEIUIOOOMIHHHMKA. Y 30HI 3 BHCOKOI TEILIOBOIO IMOTPEOOr0 (30HA
KOHJIeHcalli mapiB ab0 30HAa MiAIrpiBy) YIIUIbHEHI pedpa  CTUMYJIOIOTh
TypOyJICHTHICTh, TPUCKOPIOIOTh PYWHYBAHHS MPUKOPIOHHOTO IAapy Ta IMiJABUIIYIOThH
MiICIIeBUM  KOeQIIIeEHT TemoBiAaadi. Y JUISHKaX 13 HUXKYUMU — TEIJIOBUMHU
HAaBAHTA)KEHHAMM 30LIbIIEHUI MDKpeOepHUI KpOK Ta MeEHIIa BHCOTa pedep
3MEHIIYIOTh OIip MOTOKY, IO JO3BOJIIE YHUKATH HAJIMIPHOTO TMIJIBUILNEHHS BTpaT
TucKy. Takuii amanTuBHUI NPOQias J03BOJSE BUPIBHIOBATH TEIJIOBI MO B3IOBXK
TPYOHOTO MyYKa Ta ONTHUMIi3yBaTH pO3Moii eHeprii [4].

IIepeBaru

— TlokpamieHHss e(QeKTUBHOCTI TeIIonepeaaydl 3aBIsSKd  IM1ABUILCHHIO

JIOKATBHUX KOE(PIIIEHTIB TEIJIOBIAMAYl y KPUTHYHUX 30HAX.
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— 3HWKEHHS «MEPTBHX 30H» Ta 3aCTIMHUX JUISHOK 3aBISKHA adalTHBHIN
reomeTpii peodep.

— Onrumizaiiss TiAPOAMHAMIYHOTO PEXHMY 32 PaxXyHOK 3MEHIICHHS
TiAPaBIIYHUX BTPAT Y AUITHKAX 3 MEHIIIOK0 MOTPEOOI0 y TypOyJizariii.

— IligBumenHss cymapHOi eHeproeekTHMBHOCTI amapata ©Oe3 3HA4YHOTO
301IbIIICHHS Ta0aPUTIB.

Henomixu

— VYCKJIamHEHHS BUTOTOBJIEHHS TPYyOHOTO TIydka 3 HEPIBHOMIPHUM
npodizeM pedbep, MmO NOTpedye BHUCOKOTOYHOTO OOJIaHAHHSA ¢
TEXHOJIOT1M.

— IligBuiiena co0iBapTICTh TEINIOOOMIHHOIO 00IaIHAHHS.

— Tlotpeba B JAeTalbHOMY TIAPOJAMHAMIYHOMY Ta TEIUIOTEXHIYHOMY
MPOEKTYBAHHI JUIsl YHUKHEHHS HEOaKaHUX TIJPABIIYHUX OIOPIB Ta
JIOKaJIbHUX MEPETPIBiB.

— CkJIagHICTh TEXHIYHOTO OOCIYrOBYBaHHS Ta OUMILEHHS, OCKUIbKU

HEPIBHOMIpHI pedpa MOXyTh YTPUMYBATH BiakIanacHHs [3,4].
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YK 66.045.1

JOCJIIKEHHSI KOHCTPYKIIII TA EOPEKTUBHOCTI
JIBOCEKIIHHOI'O MIKPOKAHAJIBHOI'O TEILJIOOBMIHHUKA

cryaenTka [lamensko B.M., nou., x.1.H. ['ymienko C.B.,
HanionanbHUil TeXHiYHUI YHiBEpCUTET Y KpaiHu
«KuiBcbKuil nmoiTtexHivHui iHcTuTyT iMeHi Irops Cikopcbkoro»

AHoTaNiA: Posenanymo namenm, 6 AKOMY NPOAHANI308AHO KOHCMPYKYIIO ma
NPUHYUN POOOMU 0BOCEKYIUHO20 MIKPOKAHAILHO20 MeNni000MIHHUKA, NPOAHATI308AHO

1020 nepesazu ma HeOONIKU.

KJIFOUOBI  CJIOBA: TEIUIOOBMIHHUK; MIKPOKAHAJILHUIA
TEIIJIOOBMIHHUK; TEITJIOOBMIH; TEIIVIOBI CUCTEMMU.

Abstract: The patent is considered, in which the design and operating principle

of a two-section microchannel heat exchanger are analyzed, along with i’ts

ADVANTAGES AND DISADVANTAGES.

KEYWORDS: HEAT EXCHANGER; MICROCHANNEL HEAT
EXCHANGER; HEAT TRANSFER; THERMAL SYSTEMS.

Posrnsnynun marent US20260098687A1 [1], sAxuil onucye KOMMIAKTHUM
JBOCEKIIMHUN MIKpOKaHAIBHUI TEIUIOOOMIHHHMK 13 TOYEPrOBHM pO3TallyBaHHHSIM
TpyOOK Ta 3BOPOTHUM PYXOM TEIJIOHOCIS, SKUH 300pa)K€HU Ha pUCYHKY 1.

JIBa TemIOHOCIT IHUPKYIIOIOTh Y TpyOKax IBOX He3aJeKHUX KOHTYypiB. Bxin 1
BHX1Jl KOKHOTO KOHTYPY PO3TallloBaHi 3 OJHOTO OOKY Yepe3 KOJIEKTOPH, a TeII000MIH
BiIOyBaeThcsl MDK TpyOKaMu dYepe3 CTIHKM Ta pebpa opeOpeHHs 3a paxyHOK

MOBITPSTHOTO TIOTOKY, SIKW MMPOXOAUTH Yepe3 TEMI000OMIHHUK.
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TN
‘f 1T

100 — rermooOMiHHI TIOCKI TPYOKH, 200 — KOJIEKTOPH, 230 —

3'enHyBasIbHI TPYOKH, 340 — cexuiitHi TpyOku KonekTopi, 300 —pedpa;

Pucynok 1 — 3aranbHuii BUJ TEMI000OMIHHUKA.

[IpuHuun poboTH TErIOOOMIHHMKA 0a3yeThCsl HA OJHOYACHOMY IPOXOJKEHHI
JIBOX TEIJIOHOCIIB uepe3 ABlI He3aliexHl TeruiooOMiHHI cekmii. KokeH TemnoHocii
MO/IAETHCS Yepe3 BXITHUN KOJEKTOP Y IJIOCKI TpyOKHU CBO€ET cekiii. Jlamni BiH pyxaeTbcs
M0 BHYTPIIIHbOMY KaHaly TpyOku, skuii Mae 3B0poTHY (U-momiObHy) KoHpiryparito,
0 TOAOBXKYE IIIAX pyXy 1 3abesnedye OLIbIT IHTEHCUBHHH Terutooomin. Ilics
MPOXO/KEHH IO KaHaly TEIUIOHOCIH MOBEPTAEThCS A0 TOTO X OOKYy TpYyOKH 1
BUXOJIUTHh 4epe3 BUXIMHUNA KOJEKTOp. OCKIIbKM TPYOKH ABOX CEKIIIH pO3TalloBaHI
MOYEProBO 1 KOHTAKTYIOTh MIDK COOOI0 Yepe3 CTIHKK Ta pedpa, MK TOTOKAMH Pi3HHUX
TEIUIOHOCITB BIIOYBA€ETHCS Mepeaada Teria.

JloaTKOBO TEMI000MIH MOKE MOCHITIOBATUCA 32 PAXyHOK MOBITPSHOTO MOTOKY,

AKUH TPOXOAUTH 4Yepe3 OpeOpeHHs MDK TpyOkamMu, LIO0 J03BOJIAE€ peajizyBaTu
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TPUKOHTYPHUU TEIUIOOOMIH. 3ajeXHO Bi yMOB pPOOOTH, OJMH KOHTYp MOXKeE
BUKOHYBATH (DYHKIIIIO BUITAPHHUKA, & IHIIMNA — KOHJIEHCATOPA.

VY ckmaml cucTeMH TEIIOOOMIHY ITUPKYJIAIIS XOJOJ0areHTy 3a0e3MmedyeThes
KOMITPECOPOM 1 APOCEIbHUM eleMeHTOM. [Ipu 1boMy JBi CEKIlii TErmI00OMIHHHKA
MOXYTh TpallOBaTH HE3&JIEKHO abo0 OJIHOYACHO, IO JO3BOJISIE PETYJIOBaTH
MPOTYKTUBHICTH CUCTEMHU.

OCHOBHOIO TMEpeBarol € BIJICYTHICTh HEOOXITHOCTI 3TMHAHHA TPYOOK, IO
OpsIMO  BUpIIIye TpoOJieMy BIAOMUX KOHCTPYKIUH 1 CHOpPOILyE BUPOOHHIITBO.
KoncTpykiiis TeninooOMiHHUMKA € OUIbIl KOMITAKTHOIO 3aBJSKH ONTUMaJIbHOMY
PO3TaIlyBaHHIO KOJEKTOPIB 1 MiAKIIOYeHb. BUKOPUCTaHHS MPOMDKHHX TPyOOK
J03BOJISIE TIABUUIUTH TEPMETHYHICTh 1 3MEHIIMTH JAedopMallii NpU 3BapIOBaHHI.
Takox MABUITYEThCS €(PEKTUBHICTh TEIUIOOOMIHY 3aBISKH 30UIBIICHHIO JTOBKUHH
IUISIXY TOTOKY Ta MOXJIMBOCTI CTBOpEHHsI TypOymizamii B kaHanax. KoHcTpykiia €
THYYKOIO Y BUKOPHCTAaHHI, OCKUIBKM MO€E MPALIOBATU K BUITAPHUK a00 KOHJEHCATOP
1 mATpUMYy€ pi3HI TeruioHocli. J[oJaTKOBOIO MepeBarold € MOXKIUBICTH POOOTH
CHUCTEMH Ha YaCTKOBOMY a00 MOBHOMY HaBaHTAKECHHI.

OCHOBHUMHM HEAOJTIKOMU €: KOHCTPYKIiSI BHMAara€ TOYHOTO JOTPUMaHHS
T€OMETPUYHUX MapaMeTpiB, OCKUIBKU 3aJIaHO 0arato CIiBBIJHOIIEHb MK PO3MipaMu
€JIEMEHTIB, 110 MiJBUIIYE BUMOTH J0 TOYHOCTI BUTOTOBJICHHS;, HASBHICTh BEJIMKOL
KUTBKOCTI CKJIAJOBUX YaCTHH, TaKUX SK CEKIIHHI Ta MPOMIKHI TPyOKH, YCKIIAIHIOE
MPOIIeC CKJIaJIaHHS, HAATO BEJIMKI PO3MIPH YCKIIaIHIOIOTH 3BApPIOBAHHS, a HAATO MaJli
30UTBLIYIOTH T1IPABIIYHUH OMIp.

BucnoBok: 3anporoHoBaHa KOHCTPYKIliS —TEIJIOOOMIHHUKA —3a0e3reuye
e(heKTHBHY TEIUIONEepeIady 3a PaxyHOK ITOJOBKEHOTO MUIAXY PYXy TEIUIOHOCITB,
MOYEProBOTO0 PO3TAIIyBaHHS TPYOOK Ta MOMKIMBOCTI JIOJATKOBOTO TOBITPSHOTO
teruiooOMiHy. Lle migBUIye IHTEHCHUBHICTH MpOLIECY Ta 3arajbHy €(QeKTUBHICTh
pobotu mnpuctporo. Jlo HemoMiKIB HajgekaTh MIJABUIIEHI BUMOTH JO TOYHOCTI

BUTOTOBJICHHS Ta CKJIAJHICTh CKJIQJaHHS 4Yepe3 BEJMKY KUIbKICTh eneMeHTiB. [lompu
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11e, KOHCTPYKIliI € TEePCIEeKTHBHOK 3aBASKH TOEAHAHHIO €(QEKTUBHOCTI Ta

(YHKITIOHATIBLHOT THYYKOCTI.

Ilepenik nocuaanb:

1. HEAT EXCHANGER AND HEAT EXCHANGE SYSTEM: mnart.
US20260098687A1 USA: F28D7/16. 3assi. 28.11.2025; omy6s1. 09.04.2026.

URL:

https://worldwide.espacenet.com/patent/search?q=pn%3DUS20260098687A1
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UDC 66.047; 544.421
KINETIC FEATURES OF BISCHOFITE DEHYDRATION UNDER
THERMORADIATIVE HEATING
PhD student Filipov V.V., PhD, Associate Professor Novokhat O.A.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

Abstract: Generalized results of an experimental study on the dehydration of
natural crushed bischofite in its initial hexahydrate form under thermoradiative heat
supply are presented. It is shown that as the surface temperature of the material
increases from 70 to 110 °C, the degree of dehydration rises and the transition to
lower hydrate forms accelerates. Based on the linearization of experimental data by
the Avrami-Erofeev equation, a two-stage character of the process was established.
The first stage is characterized by a higher rate and is governed mainly by thermal
action, whereas at the second stage the internal diffusion resistance becomes
significant. The obtained results can be used to select temperature-time modes for
partial dehydration of bischofite.

KEYWORDS: BISCHOFITE, MAGNESIUM CHLORIDE, DEHYDRATION,
KINETICS, INFRARED HEATING.

KIHETUYHI OCOBJIUBOCTI JEI'APATALII BIIIO®ITY 3A
TEPMOPAJIIAIIIMHOI'O HAI'PIBAHHSI
Acnipant @ininos B.B., k.1.H., nouienT HoBoxat O.A.
HaunionanbHuUil TeXHiYHUI YHiBepcUTET YKpaiHu
«KuiBcbKui noJtitexHivHui iHcTUTYT iMeHi Irops Cikopebkoro»

AHoTaunisi:  Hagedeno  y3acanvHeHi  pe3ylbmamu — eKCHEPUMEHMAIbHO2O
oocnioxcenns oeciopamayii npupooHo2o NoopibHeHo20 Oiwogimy y nouamxosii
2ekcaziopamuiti oopmi 3a mepmopadiayiiino2o niosedenus meniomu. Iloxazano, wo

30 3pocmanHAM memnepamypu nosepxui mamepiany 6io 70 oo 110 °C 3pocmae
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cmyniHb Oeziopamayii ma NPUUBUOULYEMbCSL Nepexio 00 HUNCUUX 2IOPAMHUX (opMm.
Ha niocmasi nineapuzayii excnepumenmanvHux 0anux pieHsanHAM Aspami-Epogeesa
ecmanoeneno ogocmadiunuu xapakxmep npoyecy. llepwa cmadia xapaxmepuzyemucs
BUYOI0 WBUOKICINIO MA BUSHAYAEMbCS NEPEBAN’CHO MENJIOBUM NIUBOM, MOOI 5K HA
opyeiti cmadii icmomHo20 3HAYeHHsT HA0Y8AE€ GHYMPIWHIL Ou@y3iuHuil onip.
Ompumani pesyromamu MOICYmMob Oymu 8UKOpUCMAHI O 6UOOPY memMnepamypHo-
JaCcOBUX PEKMMIB YaCTKOBOI Jeriaparariii 01modity.

KJIIOUOBI CJIOBA: BIIIO®IT, XJIOPUJ MATHIIO, NETTAPATAILLIA,
KIHETUKA, IHOPAYEPBOHE HAT'PIBAHHAI.

Bischofite dehydration is an important technological operation in the preparation
of magnesium-containing raw material for storage, transportation, and further use.
Partial removal of crystallization water makes it possible to reduce caking of the
material, improve the stability of its properties, and purposefully obtain lower
hydrates. For practical implementation of such a process, it is necessary to know the
regularities of the dehydration rate as a function of temperature.

In the study, the heat flux was generated by a ceramic infrared emitter, while the
course of the process was monitored by continuous thermogravimetric analysis. The
experiments were carried out at steady bischofite surface temperatures of 70, 90, 100,
and 110 °C. From the change in sample mass over time, the dehydration degree o was
determined, which characterizes the fraction of removed crystallization water relative
to its total content in MgCl.-6H-0.

Analysis of the experimental curves showed that dehydration proceeds most
intensively at the beginning of the process, whereas later the rate gradually decreases.
This behavior is associated with heating of the material, removal of residual adsorbed
moisture, and subsequent formation of a partially dehydrated layer on the crystal

surface, which hinders the movement of water molecules from the internal zones to the
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surface. For the same process time, the final dehydration degree increases from 14% at
70 °C to 39% at 110 °C.

For quantitative description of the process, the Avrami-Erofeev equation was
used. Linearization of the experimental data confirmed the presence of two Kinetic
stages. The first stage is more sensitive to temperature and is characterized by higher
rate constants than the second one. It was established that the ratio ki/k. decreases
from 2.5 to 1.9 with increasing temperature, which indicates weakening of diffusion

limitations under more intensive heat supply.
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Figure 1. Generalized curves of changes in the degree of bischofite dehydration

at different surface temperatures
The presented dependences confirm that the thermoradiative heating method
ensures a controllable course of dehydration and makes it possible to predict
attainment of the required dehydration degree (fig. 1). In practice, this is important for
choosing conditions under which the process can be limited to the tetrahydrate level

without excessive transition to less stable or undesirable forms. Thus, the kinetic
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parameters of the process may serve as a basis for calculating rational modes of

bischofite thermal treatment.
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YK 547.233
TEXHOJIOI'TI CUHTE3Y OLITOBOI KUCJIOTH
ctynaeHT Kpyroronos O.C., kepiBauk Cemincskuit O.0.
HaunionanbHUil TeXHiYHUI YHiBEpCUTET Y KpaiHu

«KuiBcbKuil nmoJiTexHivHui iHcTUTYT iMeHi Irops Cikopcbkoro»

AHoOTAmWisi: PO3TJIIHYTO TEXHOJIOTIi CHHTE3y OILTOBOI KHCJIOTH, Takl K
piaMHHO(GA3HE OKUCHEHHS, MNpsIME OKMUCHEHHS HIDKYMX OpTraHiYHUX CIHOJIYK Ta
kapOoHUTIOBaHHA. [IpoaHani30BaHO TEXHOJIOTIYHY CXEMY CHHTE3y OLITOBOI KHCJIOTU
METO/IOM piAuHHO(a3HOTO OKUCHEHHs. [IpuiieHo yBary JoIUIbHOCTI YAOCKOHAICHHS
peakTopa nepemMilryBaHHS.

KJIIOUYOBI CJIIOBA: OITOBA  KUCJIIOTA, PIAMHHO®A3SHE
OKMCHEHHA, PEAKTOP, CMHTE3, TEXHOJIOI'TA.

Abstract: This work examines the main industrial technologies for the synthesis
of acetic acid, including liquid-phase oxidation, direct oxidation of lower organic
compounds, and carbonylation. The technological scheme of acetic acid synthesis by
the liquid-phase oxidation method is analyzed. Special attention is given to the
feasibility of improving the mixing reactor to enhance process efficiency and
operational reliability.

KEYWORDS: ACETIC ACID, LIQUID-PHASE OXIDATION, REACTOR,
SYNTHESIS, TECHNOLOGY.

Onroa kucnora (CH3COOH) e mnpencraBHMKOM KapOOHOBUX KHUCIOT 0e€3
KOJBOPY, 3 PI3KUM 3allaxoM Ta KUCIUM CMakoM. BoHa IMIMPOKO BUKOPUCTOBYETHCS y
XapyoBiii NMPOMMCIOBOCTI, J€ BXOAWUTh 1O CKIagy onTy (3a3Buuail 6% abo 9%
pPO34MH), Ta y XIMIYHIA TPOMHUCIOBOCTI, Y SIKOCTI OPTaHIYHOTO pearcHTy. 3aBIsSKH
CBOIM BJIACTMBOCTSIM BOHA pO3MOBCIOJPKEHA TIPU  BUTOTOBJIEHHI  TOJIMEPIB,

PO3YMHHUKIB, KJICIO, alleTAaTHUX BOJIOKOH, (papO Tomro [1].
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IcHye nBa OCHOBHI cIOCOOM OTPUMAHHS OITOBOI KUCJIOTH: XIMIYHUN CHHTE3 Ta
dbepmenTartisa. KoxeH 3 mux crnoco6iB Mae ACKUIbKAa MOKIMBHUX MiAXOAIB. XIMIUHUM
CHUHTE3 JI03BOJISIE OTPUMATH BHCOKY YHCTOTY KiHIIEBOro mHpoaykTy (99-100%) 3i
3HAYHUMHU BIIXOJaMH y BHUIUISI MOOIYHMX OPraHIYHMX IMPOAYKTIB, HEBlApearoBaHOi
CHPOBHHHU, KaTAJITUUYHHUX 3aJMIIKIB Ta 3a0pyJHEHUX CTIYHUX BOJ. DepMeHTaIliiHui
croci0 0a3yeThesi Ha G10JOTIYHOMY OKHMCHEHHI €TaHOJIy OITOBOKHCIUMH OaKTepisiMHu,
TakuMU sIK Acetobacter ma Gluconacetobacter [2].

[cHy€e Tpu HAMMOIIMPEHIIIT METOAN CUHTE3Y OLTOBOI KHCIIOTH.

[lepmuii MeTon 1€ KapOOHUTIOBAHHS METAHONy. Y PEaKTOpl METAHOJ B3aEMOJIE 3
OKCHJIOM BYTJICII0O Yy TPHUCYTHOCTI KarajizaTopa — IpHUAil0, B PE3yJNbTaTi 4YOro
YTBOPIOETHCS  OITOBAa KHcjoTa. [Ipormec MokHA oOXapaKTepu3yBaTH BHCOKOIO
CEJICKTUBHICTIO, BEJIMKUMHU MaciTabamMu BUPOOHUIITBA Ta MIHIMAJIbHOIO KUIBKICTIO
noOIYHUX POAYKTIB. Ha 1aHuit MOMEHT BiH HaWMIOMIMPEHIMUN y CBITI. [3]

Hpyruii MeToa — OKMCHEHHS anetanpaeriay. Bin po3poOneHuil e Ha mo4aTKy
XX cTomitrta Ta OyB OCHOBHHUM IPOMHUCIOBUM CIOCOOOM BHUTOTOBJICHHS OIITOBO1
KHCIIOTH 1O PO3BUTKY KapOOHUIIOBAHHS METAHOJY. AIETalbJEri[] OKUCIIOETHCS
KHCHEM Y PIAKIA (a3l 3a HAIBHOCTI CoOJield MapraHIifo, KoOaabTy UM HIKEI0, IO Jax
MOJIUBICTh OTPUMATH KHUCJIOTY 3 4ucTOTOr0 88-95%. HoBITHI cXemu peani3yroTh
Oe3nepepBHE OKMCHEHHS Ta 3a0€3MeUy0Th CTa0UIBHICTD TIpo1iecy.[3]

Tperiii wMeTom - OKHUCHEHHS ByrjieBojHiB. OnrToBa KHCIOTa 37aTHa
YTBOPIOBATHUCA MiJ YaC OKWCHEHHS JIETKUX aJIKIHIB Ta HAQTEHOBUX (PpaKIii, TAKUX SIK
Oytan abo nerkuit 6eH3oi. Llelt mpouec npoxoauth y piakid $aszi 3 TeMnepaTyporo
105-200 °C y npucyTHOCTI KatamnizatopiB. [IpoTe Takuii nmpoiec MEHII CeIEKTUBHUH 1
noTpedye CKIAJHOTO OYMIIEHHS BiJ MOOIYHUX MPOAYKTIB Yy BUIIISIAI MyUIApUHOI
KHCJIOTH, KETOHIB, ecTepiB. [3]

depMeHTAIlIHUI CMOCI0 TaKOX OIMUCYEThCS TPhOMAa OCHOBHUMHU METOJAMU

BUT'OTOBJICHHSI OIITOBOi KUCIOTH. BiH mommMpeHuil y XapyoBid MPOMHUCIOBOCTI AJIs
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BUPOOHUIITBY CTOJIOBOTO, BUHHOTO, si0JIy4yHOTO ouTy. KoHIleHTparllisi oToBO1 KUCIOTH
y JaHUX po3urHax He nepepuinye 5-10%][4].

[lepmnit MmeTon HazuBaeTbcsa MeTooM OplieaHa 1 BiH € OJHHUM 13 HalCTapillIuX
TPagUIIMHUN CIIOCOOIB OTpUMaHHS ONTy. depMeHTallisl 3M1MCHIOETHCS TTOBEPXHEBO B
JepeB’sTHUX JikKax. ETaHOJIOBUM pO3UYMHOM YaCTKOBO 3allOBHIOIOTH €MHICTb, JI€ Ha
MOBEPXHI yTBOPIOETHCS OakTepiadpbHa IUTIBKA Ha SKi 1 BiIOYBA€ThCS OKHCHEHHS.
Merton 103BOJIsiE OTPUMATH OLIET BUCOKOI SIKOCTI, ajie mpoiuec GepMeHTallii 3aiiMae Bijl
JIEKUTBKOX THDKHIB JIO JCKUIBKOX MICSIIIB. [4]

Jpyruii MeTo Ha3UBAEThCS KpaneabHUM poiiecoM. Bin OyB po3pobieHuit nist
MIPUCKOPEHHs MOBEepXxHEeBOi (pepmenTaiii Mmerogom Opiieana. CyOcTpar piBHOMIPHO
PO30PUBKYETHCS Uepe3 HACAJIKY, 110 CYTTEBO 301IbIIYE TUIONLY KOHTAKTY 3 KYJIbTYpPOIO
OakTepiil. [HTEHCHBHA TMOjaya TMOBITPS MPUCKOPIOE OIETH(IKAIII0, IO J03BOJISE
JOCSTTA 3HAYHO BUIIMX IIBUAKOCTEW QepmenTallii. Hemonik Meromy mossirae y
HECTaOUIBHOCTI TMOBEPXHEBUX OaKTeplaJbHUX IUIBOK 1 MEHIUIA NPUAATHOCTI 0
MIPOMUCJIOBO1 aBTOMAaTH3allii. [4]

Tpetiit MeTo - Oe3nepepBHUN MIMOMHHUN MpoIEeC, AKUU € Halle)eKTUBHIIITUM
METOJIOM BHUPOOHUIITBA XapuyoBOTO ONTYy Yy MPOMHUCIOBHX MacmTabax. bakrepii
nepeOyBaOTh y 3BaXKEHOMY CTaHl B TMOBHICTIO 3allOBHEHOMY pEaKTOpl 1 3aBISKU
IHTEHCUBHOMY TIEPEMIIIYBAaHHIO Ta aepaiii JOCSATaeTbCsl BHCOKA MIBHJKICTh
okucHeHHs. Lleit meton y 30 pasziB mBuamui 3a Meroa OpiieaHa Ta BIIHOCHO JIETKO
MIJIIA€ThCsl aBTOMaTU3aIliil. 3 1HIIOro OOKY It pOOOTH HEOOXigHA YMCTa CHPOBUHA Ta
JOTPUMAaHHS BUCOKUX CAHITAPHUX BUMOT YEpe3 pPU3UK KOHTaMiHaIlll. [4]

Onuc TeXHOJIOTIYHOI CXeMH CHHTE3Y OLTOBOI KHCJIOTH

TexHoOTIUHA CXE€Ma OMUCYE OKUCHEHHS aleTalbAeTiay 10 ONTOBOI KUCIOTH B

piakii (a3i y IpHCYTHOCTI KarajizaTopa Ha OCHOBI COJIeH KOOAJbTy YM MapraHITIo

(pucynoxk 1) [5].
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1 — noBITpAHMIA KOMIIPECOP MEPIIOTO CTYIEHS, 2 — MOBITPSHUN KOMIIPECOP APYIOro
CTYyMEHs, 3 — CXOBHUILIE alleTAIBAETIY, 4 — KOJIOHA OUUILICHHS TTOBITPS, 5 —
OKHUCITIOBAJILHUN peakTop, 6 — ckpyoep, 7 — Karamnizatop, 8 — KoJIoHa BUITYUYEHHS
aueranpaeriny, 9 — oydepuuii 6ak, 10 — 6ydpepHnuit 6ak kucnotu, 11 — konona
MeTuianeTary, 12 — cxoBuile MeTuianerary, 13 — kojioHa (iHIIIHOTO OYUIICHHS
YKCYCHOI KHCIIOTH, 14 — cenapaTop, 15 — pe3epByap oUTOBOI KUCIOTH, 16 — KOJIOHA
BUJTYYEHHSI €TUJIALIETaTy
Pucynoxk 1 — TexHonoriuHa cxema CUHTE3y OLITOBOT KUCIOTH

Bona xapakTtepu3yeThCsi BHCOKOK KOHBEPCIEID Ta CEJIEKTHBHICTIO, aJie
BOJIHOYAC € €HEProEMHOI0, 0araToCcTaliifHOI 1 MOTpedye CKIAJHOTO amapaTypHOTro
odOpMIICHHS, CUCTEM OYMIICHHS Ta3iB, peKTHdIKallii, XIMIYHOTO JOOYHWIICHHS Ta
poOOTH 3 TOKCHUYHUMHU pEareHTamMu 1 KOpO3iiiHO-HEOE3NEeUHUMH CepeOBUIIAMHU.
3a3HadyeHl OCOOJMBOCTI MependadyaroTh 3HA4YHI BUTpPATH 1 POONATH IIeH Tpolec
JAOUITPHUM TEPeBaXHO JJs OTPUMaHHA TEXHIYHOI OuToBOi Kucimotu. Jlis
BUPOOHUIITBA XapUyOBOI'O OLTY E€KOHOMIYHO OUIbII BUTIAHUM € (epMEHTaTUBHUIMA
METO/JI, SIKMM 31ICHIOEThCS 32 M SIKMX YMOB, BUKOPHUCTOBYE JEIICBINY 1 O€3MeUHilry
CUPOBHHY, HE TMOTpeOye CKIQJAHUX CTaaiil OUMILNEHHS Ta 3a0e3neuye OJlep>KaHHS
MPOJIYKTY, IO Oe3MmocepeHhO BIJMOBIA€ BUMOTAaM XapyoBOi MPOMHUCIOBOCTI 31

3HAYHO MEHIITMMH €KOHOMIYHUMU BUTpaTaMHu.
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PeakTop sBnsie co0Or0 BEepTHKAIBHUM amapar, OCHAIIECHWN BigOMBadaMmu, SIKi
PIBHOMIPHO pPO3MOJUISAIOTE 1 TepeHaINpaBlIsiOTh MOBITpsiHI OynbOamku. Kucenb
MOBHICTIO CIIOXKUBAETHCA JI0 TOTO MOMEHTY, KOJU OyipOamika J0cArae MEpIIoro
BiIOMBayva; OyJabOaIKM, 0 IiJHIMAIOTHCS BUIIE IEPIIOro BijJ0HMBada, BUKOHYIOTH
nepeBaXXHO (PYHKIIIIO TepeMinyBaHHs piakoi ga3zu. Take MexaHiuHE MepeMilTyBaHHS
pYHHY€E MPOMIXKHI HECTIHMKI IPOAYKTH Ta CTaOLII3ye PO3UHH Y PEAKTOPI.

He3Bakatoun Ha Te, IO pPEAKTOp MpallO€ 3a TOMIPHOTO THUCKY, YacTHHA
aleTaNbACTIy BUMAPOBYETHCSA, TOMY HEOOXITHUU CKpyOep Uisi OYHMINCHHS TasiB.
OKuCHEHa CyMIIl TOJAETHCS 1O KOJOHH, SIKa Mpalioe€ Mif HAJIUIIKOBUM THCKOM
a30Ty, Je BiJOyBaeTbCad BIAJIJICHHS HEBIIPEaroBaHOTO  aleTalbJeriay, 110
MOBEPTAETHCS B TMpoIiec. BaKIMBO Takox Te, 10 B il KOJIOHI PO3KJIaIa€ThCS 3HAYHA
KUIBKICTh HEOE3MeYHUX TMEpPOKCHUIIB, YaCTHHA SKUX IIEPETBOPIOETHCS Ha OITOBY
KHCJIOTY, a CJII/IM €TaHOIy eCTePU(IKYIOTHCS 3 YTBOPEHHSM €THJIAIICTATY.

Cupa omroBa KHCIOTa BIIBOAUTHCA 3 HIKHBOI YACTHHH KOJIOHM Ta
CIPSIMOBY€ETHCS HA MOJAJIBIIY MEPETOHKY JJIsi BUJAJICHHS JIETKOJETKUX KOMITOHEHTIB,
OKpIM alleTaJIbJCTI Y.

Cupy OKHCHEHY CyMIll TMOJAl0Th Y BHIAPHY KOJOHY, J€ BHUIAISIIOThH
HEB1JIpEaroBaHMil aneTaabJerii 1 HU3bKOKHUIUIAYI MOOIYHI MPOAYKTH (METHIIAIleTar,
anetoH, CO, COa, Nz). OTpuMy0Th BUCOKOKOHIICHTPOBAHY BOJIHY OIITOBY KHCIIOTY.
OcCHOBHI JOMIIIKK — eTWUjaneTraTr, (opMalbleriy 1 MypalldHa KUCJIOTa, a 1HOMII
MPUCYTHI CHIAM CWJIBHUX OKHMCHHUKIB. SIKIIO alneTaabJeriyy MICTUB €TUJICHOKCHU],
MOXJIMBE YTBOPEHHS [IallETaTy EeTWJICHIJIIKOM0. MypalmHa KHUCIOTa MOXKe
MOTPAIJISATA MPU BUKOPUCTAHHI a3€0TPOIHUX areHTIiB. Jlomimku 3a3Buyaii HU3bKI Ta
MOXYTh OyTH BHUJAJCHI XIMIYHUM OKHCHEHHSIM. OKHUCHUK (HAIpUKIAI, IUXpomar
HATpil0) MOJAIOTh y KOJOHY OYMINEHHA. PO3YWH TNepMaHraHaty Kaiilo TaKoX
BUKOPHUCTOBYIOTb, aJie BiH 3a0pyAHIOE TaplJIKH.

OcraTouHe OYHIICHHS 3MIMCHIOETHCS JUCTHIALIECID. [OTOBY  KHCIOTY

B110MpatoTh O1YHUM TOTOKOM. [lepmaHraHat 3acTOCOBYIOTh TAKOX JJISI OKHCHEHHS
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dbopManbaeriay Ta MypamrHOi KUCIOTH. BMICT BOIM B OKMCHUKY PETYIIO€ KOPO3iio:
KrcaoTa 9uctoToro 99,9-100% € xoposirinoro musa cram SS-316/SS-320, a 3HMmKEHHS
qucTOTH 10 99,75-99,8% YymOBIIEHIOE KOPO3ITO.
3aJIUIIKH, 1110 MICTSTh alleTaTh MapraHijio abo XpoMy NPOMHUBAIOTH ABOGA3HOIO
CUCTEMOIO «BoJa — OyTuianerat» abo «Boja — Toiyoi». OpraHiyHa ¢aza BUAAIE
CMOJIMCTI Ta BUCOKOMOJICKYJISIPHI JJOMIIIIKH, METAJICB] alleTaTH 3aIUIIAI0THCS Y BOI
Kongepcisa aneranpaeriny 3a3Buuaii nepeBunrye 90%, CeIEeKTHUBHICTh J0
OITOBOI KUCJIOTH — TOoHA 95%. YCcTaTKyBaHHS BUTOTOBJISIIOTH 3 HEPKaBiIOYOi CTalIl.
[Iponiec noOpe BuUBUEHHU 1 sBIs€e COOOK HaWHAMIMHIMINAKA CMOCI0 BUPOOHUIITBA
OLITOBOI KUCJIOTH.
BucHoBOK
VY naniii po6oTi OyJO TPOBEACHO MOPIBHSJIBHUN aHaM3 OCHOBHUX METO/IIB
OTPUMAaHHS OIITOBOI KHCJOTH, IPOAHAII30BaHO iXHI TEXHOJIOTIYHI OCOOJUBOCTI,
nepeBaru Ta oOMexeHHsA. B pesynpTari Oyno oOpaHO (epMEHTATUBHHMI CHUHTE3
OIITOBOi KHUCJIOTH, SK HAWMOUIbII pAaIiOHATLHUNA JUIsi Xap4yoBOi MPOMUCIOBOCTI,
MPOCTININN Ta EKOHOMIYHO BUT1IHIIIHA.
[Tin yac po3risimy TEXHOJIOTIYHOI cXeMH OyJI0 BHU3HAYEHO KIIOYOBY pOJIb
peaKkTopa OKHMCHEHHs HJisi cTalumi3aiii po3duMHy Ta OUIBII TMOBHOTO TOTJIMHAHHS
KUCHIO. Y JOCKOHAJICHHS PEaKTOpy € MEPCIEeKTUBHUM METOJIOM MOJIEpHi3allii 1 MOXe
IPYHTYBaTUCA Ha TOKpAIIEHHI KOHCTPYKIlI SK MEPEeMINIyIouoro MPUCTPOI0, TakK 1
KOPITyCY peaKTopa.
Cuucok Jireparypu:
1. Jlactyxin, FO.O., Boponos, C.A. Opraniyna ximis. Bun. 3-te, crepeorurr.
JIsBiB : Lentp €Bpomnu, 2006. 832 c.

2. Acetic acid and its derivatives / eds. V.H. Agreda, J.R. Zoeller. New York :
Marcel Dekker, Inc., 1993. — (Chemical industries ; vol. 49). — ISBN O-
8247-8792-7.

44



36ipuuk Te3 gonosineir XXXVIII Beceykpainchbkoi HAayKkoBo-IpakTH4YHOI KOH(epeHii cTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepianiB”

3. Acetic acid and its derivatives / V.H. Agreda, J.R. Zoeller. New York :
Marcel Dekker, Inc., 1993. — (Chemical industries ; vol. 49). — ISBN 0-
8247-8792-7.

4. Deshmukh, G., Manyar, H. Production pathways of acetic acid and versatile
applications in food industry. In: Basso, T. P., Basso, T. O., Basso, L. C.
(eds.). Biotechnological applications of biomass. InTechOpen, 2021.

5. Encyclopedia of Chemical Technology / edited by Kirk-Othmer. — 4th ed.
— New York : John Wiley & Sons, 2004. — Vol. 13 : Helium Group to

Hypnotics, Sedatives, Anticonvulsants, and Anxiolytics. — 1000 p.

45



36ipuuk Te3 gonosineir XXXVIII Beceykpainchbkoi HAayKkoBo-IpakTH4YHOI KOH(epeHii cTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepianiB”

UDC 66.02:532.5
HYDRODYNAMICS AND MASS TRANSFER INTENSIFICATION IN GAS-
LIQUID CONTACT DEVICES FOR CHEMICAL ENGINEERING
APPLICATIONS
assistant Byshko Mykyta.
National Technical University of Ukraine

"lgor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: The paper addresses hydrodynamic behavior and mass transfer
phenomena in gas-liquid contact devices widely used in chemical and petroleum
industries. Key limitations of conventional equipment, including phase maldistribution,
hydrodynamic instability, and insufficient interfacial area development, are analyzed.
It is shown that the efficiency of absorption, stripping, and gas purification processes
Is strongly governed by flow structure and turbulence intensity.

KEY WORDS: GAS-LIQUID SYSTEMS; MASS TRANSFER;
HYDRODYNAMICS; PROCESS INTENSIFICATION; STRUCTURED PACKING,;
CFD MODELING; SHERWOOD NUMBER; GAS ABSORPTION; MULTIPHASE
FLOW

I'TAPOANHAMIKA TA IHTEHCU®IKALIIA MACOOBMIHY B
HPUCTPOSAX I'A3-PITIMHA KOHTAKTY JIsA 3ACTOCYBAHHA B
XIMIYHIU IHXKEHEPIT
acucteHT bumko M A,

HauionanbHuil TEXHIYHUNA YHIBEPCUTET YKpaiHU
«KuiBchKkuii MOMTEXHIYHUHN THCTUTYT iIMeHI [ropss CiKOpChbKOTO

AHOTAUISA: Pozensanymo ocobrusocmi 2iOpoOUHAMIKU MA MACONEPEeHeCeHH s
8 2a3—pPIOUHHUX KOHMAKMHUX NPUCMPOSX, WO WUPOKO 3ACMOCO8YIOMbC 8 XIMIYHIU
ma Hagmonepepobuiti npomuciogocmi. Illpoananizosano OCHOBHI 0OMeENCEHHS
MpaouyitiHux  anapamie, NO8’sA3aHi 3  HEPIBHOMIPDHUM  po3nodilom  ¢as,
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2IOPOOUHAMIUHOIO HEeCMAOILIbHICMI0O Ma HeOOCMAMHIM  PO36UMKOM  MIdHCEHA3ZHOT
nogepxni. Iloxazano, wo egpexmuenicms npoyecie abcopoyii, decopbyii ma owuyeHHs
2a3i8 3HAYHOI0 MIDOIO GUBHAYAEMbCA CMPYKMYPOK HNOMOKIE mMda IHMEHCUSHICTIO
mypOyIeHmMHO20 nepemiuly8anHs.

KJIIOYOBI CJIOBA: I'A3-PIIMHHI CUCTEMU; MACOITEPEHECEHHS;
I'MIPOJUHAMIKA; IHTEHCU®DIKAIIIA TIIPOIIECIB; CTPYKTYPOBAHI
HACAJIKU; CFD MOJEJFOBAHHS; YMCJIO IHEPBYIA; ABCOPBLIA 'A3IB;
BATATO®A3HI ITOTOKHM

Gas—liquid contact processes are fundamental to a wide range of chemical and
petrochemical technologies, including absorption, stripping, gas purification, catalytic
oxidation, and reactive mass transfer systems. The performance of such processes is
governed by a complex interplay between hydrodynamics, interfacial phenomena, and
transport resistances in both phases. In modern process engineering, increasing
attention is given to process intensification strategies aimed at reducing equipment size
while simultaneously improving mass transfer efficiency and lowering energy
consumption.

Despite the maturity of classical equipment design, conventional gas—liquid
contactors such as packed columns, tray columns, and bubble columns still suffer from
inherent inefficiencies. These include maldistribution of phases, incomplete wetting of
structured or random packings, channeling, backmixing, and non-uniform residence
time distributions. Such non-idealities result in reduced effective interfacial area and
lower mass transfer coefficients compared to theoretical predictions. Consequently,
real industrial performance often deviates significantly from ideal design calculations.

Hydrodynamics in gas-liquid systems is characterized by strongly coupled
multiphase flow phenomena. The system behavior depends on the interaction between
inertial, viscous, and gravitational forces, which can be described using dimensionless

numbers such as Reynolds, Weber, Froude, and E6tvds numbers. These parameters

47



36ipuuk Te3 gonosineir XXXVIII Beceykpainchbkoi HAayKkoBo-IpakTH4YHOI KOH(epeHii cTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepianiB”

determine flow regime transitions, bubble stability, and dispersion quality. In particular,
the Weber number governs bubble breakup, while the E6tvés number reflects the
balance between buoyancy and surface tension forces, directly influencing bubble shape
and rise velocity.

The interfacial area between phases is a key parameter controlling mass transfer
rates. It is strongly influenced by bubble size distribution, liquid turbulence intensity,
and coalescence—breakup dynamics. In real systems, the interfacial area is not constant
but dynamically evolves due to population balance mechanisms. Therefore, modern
modeling approaches often employ population balance equations (PBE) coupled with
computational fluid dynamics (CFD) to describe bubble size distribution and
interfacial area evolution more accurately.

Mass transfer in gas-liquid systems is commonly described by the two-film
theory, where resistance is assumed to be concentrated in thin boundary layers on both
sides of the interface. The overall volumetric mass transfer coefficient (kLa) depends
on both the interfacial area (a) and the liquid-side mass transfer coefficient (kL), which
Is often the controlling resistance in liquid-phase limited systems. However, in
turbulent flows, surface renewal mechanisms and eddy diffusion significantly enhance
transport beyond classical diffusion-based assumptions, requiring more advanced
models such as penetration theory and surface renewal theory.

In packed columns, hydrodynamic performance is strongly influenced by
packing geometry, surface roughness, and liquid distribution quality. Structured
packings provide ordered flow channels that reduce pressure drop and improve wetting
efficiency. However, even in structured systems, maldistribution phenomena may
occur at large scales due to improper liquid redistribution, which leads to local dry
zones and reduced mass transfer efficiency. Therefore, scale-up remains one of the
most challenging aspects of packed column design.

Tray columns, on the other hand, operate based on staged contact between

phases. Their performance is governed by weeping, entrainment, and flooding limits.
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Tray efficiency depends on vapor-liquid contact time, froth height, and turbulence
intensity on the tray surface. While tray systems are mechanically robust, they
typically exhibit higher pressure drops compared to packed systems, making them less
suitable for vacuum or energy-sensitive applications.

Bubble column reactors represent another important class of gas—liquid
contactors, especially in biochemical and catalytic processes. In these systems, gas
holdup, bubble size distribution, and circulation patterns determine overall reactor
performance. Flow structure is typically divided into homogeneous bubbly flow and
heterogeneous churn-turbulent regimes. Transition between these regimes significantly
affects mixing intensity and mass transfer rates.

Advanced numerical modeling techniques have become essential tools for
analyzing such complex systems. CFD simulations combined with turbulence models
(e.g., k—¢, LES) and population balance models enable prediction of local velocity
fields, gas holdup, interfacial area density, and reaction rates. These methods provide
detailed insight into flow non-uniformities that cannot be captured by empirical
correlations alone. However, model validation remains a critical issue due to the
complexity of multiphase interactions.

From a process intensification perspective, several strategies are applied to
enhance gas—liquid mass transfer. These include reduction of characteristic diffusion
lengths, increase of interfacial renewal frequency, and improvement of phase
dispersion quality. Practical implementation involves the use of structured packings,
rotating packed beds, microchannel contactors, and static mixers. Rotating packed bed
systems generate high centrifugal forces that significantly intensify mass transfer by
increasing effective gravitational acceleration and reducing boundary layer thickness.

Environmental applications of gas—liquid systems are becoming increasingly
important due to tightening emission regulations. Technologies such as carbon dioxide
absorption using amine solutions, hydrogen sulfide removal, and volatile organic

compound scrubbing rely heavily on efficient mass transfer. In these systems, even
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small improvements in kLa or interfacial areas can lead to significant reductions in
solvent circulation rates and energy demand.

In addition, exergy considerations are increasingly integrated into the design of
gas—liquid contact systems. Irreversibilities arising from finite-rate mass transfer,
pressure losses, and mixing contribute to exergy destruction. Minimization of these
losses is essential for improving overall process sustainability and reducing lifecycle
environmental impact.

In conclusion, gas-liquid contact devices represent a highly complex class of
process equipment where hydrodynamics and mass transfer are strongly coupled.
Modern approaches combining experimental studies, dimensionless analysis, and
advanced numerical modeling provide a robust framework for understanding and
optimizing these systems. Continued development of intensification techniques and
predictive models is essential for achieving next-generation high-efficiency chemical

and petrochemical processes.
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YIIK 66.047.57

IMPOEKTYBAHHS YIIOPHOT'O POJIMKA BAPABAHHOI CYIIIAPKH
I'migenko C.B., marictp; lllep6una B.1O., n.1.H., mpod.,
HaunionanbHUil TeXHiYHUI YHiBepCUTET Y KpaiHu

“KuiBcbkuil nmoJiitexHiyHuii iHcTutyT iMeHi Iropsa Cikopebkoro”

AHOTAMISA. Buxonana pospobka npocpamu  Ola  a8MOMAMU308AHOO
NPOEKMYB8AHHS YACMUHU YNOPHO20 POJUKA 0apabaHHOi CywlapKu, wo 6KIoYae 8 cebe
aemomamuune suxonanns 2D-kpecnenns oemani ma nobyoosu 3D-mooeni 3 mosiciusicmio
HANAWmy8auts  po3mipie  3a  00NomMo2or0  0ianoe08ozo  6ikHa. Ilpoepama  mooice
BUKOPUCINOBYBAMUCH SIK EeNIeMEHN  ABMOMAMU308AHO20 NPOEKMYBAHHS NPU  BUKOHAHHI
KOHCMPYKMOPCLKUX MA NPOEKMHUX poOim npu po3podyi HO8UX ma MOOepHI3ayii Oirouux
MEXAaHI3ZMI6 Npueoay.

KJIFOUOBI CJIOBA: BAPABAHHA CVYIIAPKA, POJIMK, VYIIOPHUIA
POJIUK.

Beryn. V mporeci ekcrityarariii 6apabaHHUX CYIIApOK BaXIMBUM (HaKTOpOM €
3a0e3MeueH sl CTaOUIbHOCTI TMOJIOKEHHsT OapabaHa Ta 3amoOiraHHs HOro OChOBOMY
3MIIIEHHIO. J[1 1IbOro B KOHCTPYKIII CYIIWJIBHUX arperaTiB 3acTOCOBYIOTHCS YIIOpHI
POJIMKH, SIKI CIIPUAMAIOTh OChOBI HABAaHTXEHHS Ta YTPUMYIOTh OapabaH y BU3HAUYCHOMY
pobodyoMy moJioskeHHi. PoOoTa yrmopHOro posvka Ge3nocepelHbO BILIMBAE HA HAJINMHICTD,
JIOBIOBIYHICTh Ta €(EKTUBHICTh CYIIMJIBHOI YCTaHOBKM, OCKUIBKH TOPYIIEHHS OCBHOBOT
crabumizaiii 6apadaHa MPU3BOAUTEH JO MIABUIIIEHOTO 3HOCY OMOPHUX BY3JIB, MOTIPIICHHS
YMOB TEPTSl Ta MOXJIMBUX aBapiiHux cutyarii [1, 2]. Tomy 3aBmaHHSIM MaHOT poOOTH €
CTBOPEHHS TMporpamu Juisi 3a0e3ledeHHs aBTOMATH30BAHOIO MPOEKTYBAaHHA JieTaiel
NpPUBOMAY, 30KpeMa pOJIMKA, IO JO3BOJMTh 3HAYHO CKOPOTHTH dYac Ha PO3POOKY

JOKYMEHTAIli Ta CrieruQiKariii.
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Mera poGoru: po3poOka MpOrpaMHOro 3abe3neyeHHs ISl aBTOMaTH30BaHOTO
npoekTyBaHHs 2D-kpecnenb Ta 3D-Mofeneit yrnopHoro posmka OapaGaHHOI CyIIapKh Ha
OCHOBI BBEJCHHS MapaMETPUYHHUX 3MIHHHUX, IO JO3BOJIMTH CYTTEBO CKOPOTUTH 4Yac
MPOEKTYBaHHS MPH pO3POOIIl KOHCTPYKTOPCHKOI IOKYMEHTAIi..

MaremaTnuna Moaesb. [Ipu po3po0Oiii mporpaM aBTOMaTH30BaHOTO MPOEKTYBAHHS
dopm, sk 6azoBa, Oyna BukopuctaHa cucteMa AULOCAD, ska Ha CHOTONHINIHIA JCHBb €
HAMOUTBIIT PO3MOBCIO/HKEHOIO B YKpAiHi 1 CBITI 1HKEHEPHOIO CHCTEMOIO JIJIsI aBTOMAaTHU3alIi1
npoeKkTyBaHHA. Po3pobnieHe mporpamMHe 3a0e3medeHHs Oa3yeThcsi Ha BHUKOPHUCTAHHI
¢ynxmionansHoi MoBr AUtOLISP Ta MoBH ympapmiinHs aianoroBumu BikHamu DCL [3], mo
Jla€ MO>KJIMBICTh BHUKOPHCTOBYBATH IHTEPAKTUBHUN PEXUM YBEICHHA JaHUX, 3HAYHO
MPUCKOPHBIIH TIPOIIEC PO3POOKH TMPOEKTHOI JOKyMEHTAllll, Ta 3IHCHIOBATH JOCTYII IO
rpadiyHoi 6231 TaHKX 3 POrPAMHOI0 OOPOOKOIO TEKCTOBOI Ta YUCIIOBOT 1H(OpMAITii [4].

Po3pobiiena cructema siiisie coO0010 6araTopiBHEBY BIKOHHY CTPYKTYPY, IPHU3HAYECHY
JUTSL OTIEPAaTUBHOTO BBEJICHHS 00 KOPEryBaHHS MAPAMETPIB 1 BUKOHAHHS KPECIICHHS JIETal B
2D T1a 3D ¢dopmari. Beenenns 1 koperyBaHHs 1HGOpMAITii 311HCHIOETHCS B IHTEPAKTUBHOMY

PEKMMI 3 BUKOPUCTAHHSM J[1aJI0rOBOr0 BIKHA HABEIEHOTO HA PUCYHKY 1.
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Pucynoxk 1 — JliasoroBe BIKHO yBEJICHHS JAHUX IS POJIMKA

3 PUCYHKY BHIHO, IO JIAJIOTOBE BIKHO PO3/AUICHE Ha 4 BEPTUKAIBHUX CEKIIMH,
KOJKHA 3 SIKMX M€ CBOIO HA3BY JIJIsI IHTEPAKTUBHOTO BUKOPUCTAHHSI.

[lepmia yacThHa [iaJIOTOBOTO BIKHA, IO 3HAXOMUTHCS 3711Ba, MICTUTH Y COO1
CXEMaTHUYHEe 300paKeHHS KpeclieHHs. /J[nsg 3pydHOCTI, 3amiCTh KOHKPETHHMX 3HAY€Hb
KOXKHOTO PO3MIpYy BHUKOPHUCTAaHI KOPOTKI aOpeBiaTyp, sIKi CITIBIAJAlOTh 3 Ha3BaMH, IO
3HAXO/IATKLCS TIPaBIIIIE.

Hacrtymni yacTuHM npu3HaveH1 A7 yBeACHHs po3MipiB aeTaim. OKpeMo BHIIUICHI
OJIOKM ISl YBEJICHHS 3HAYEHb J1aMETPiB, TOBKUHU Ta TEOMETPIi Ma3y IIIMOHKH.

Ocranns yactuna KOMAH/IU nianoroBoro BikHa J103BOJISIE OOpATH:

e  MacmtabyBaHHs getani  (mpucytHi  MacmTaOu  30UIBIICHHS — Ta

3MEHIIICHHS );
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e xHomky “Tect”, ska BUCTaBJs€ BCl PO3MIpU 3a 3a3Aajeriib 0OpaHUMHU
3HauYeHHAMH (‘3a 3aMOBUYBaHHSM);

e  “IlepeBipka”. KHONKa BHUKOHY€E TIEPEBIPKY JaHMX BBEJIECHUX B aKTHBHI
MOJIsL /I1aJIOTOBOTO BiKHA. Y pa3i MOMWIKH 3’SBISE€THCS CHUCTEMHE BIKHO, B SIKOMY
BKa3yIOTbCSI KOHKPETHI TMOMMJIKOBI 3HA4YeHHS. Y BHUMAAKYy BIPHOIO YBEJCHHS
B1/I0YBA€THCS MOBIIOMJICHHS, 110 MOMIIIOK 3HaineHo. be3 Harucuenns “IlepeBipku”

kHonKHU “2D” Ta “3D” HEe aKTUBYIOTHCS.

o “2D”. Buxonye 2D-kpecieHHs aeTaii 3a 3aJJaHiMH pO3MipaMu;

) “3D”. CrBoproe 3D-mozens nerani 3a 3aJlaHUMU PO3MIPaMH.

° “Cancel”. Buxig 3 MeHIO JiaJlorTOBOrO BiKHA Ta BigMiHAa BUKOHAHHS
MIPOTPaMH.

Ha pucynky 2 npuBeneHi pe3yibTaTd BUKOHAHHS KpeciaeHHs Ta 3D KoHCTpyKIii

MIpU YBEACHH1 0a30BUX JAHUX JJIsl YIIOPHOTO POJIMKA.

R
a) 6)
Pucynok 2 — [1oOyagoBa TUIIOBOTO KPECIEHHS POJIMKA
a) kpeciienns aetaii; 6) 3-D monens merami
J1J1s1 KpecTeHHs MOKa3aHoT0 Ha PUCYHKY BUKOPUCTOBYIOTHCS BUXITHI JJaH1 OTPUMaHi

3 po3paxyHKy Oa30BMX TEXHOJIOTIUYHMX MapaMeTpiB aetam. [licis yBemeHHS BKazaHMX
rmapaMeTpiB B JaJOrOBE BIKHO BHUKOHYETHCS PO3PAXYHOK HEOOXITHUX TEOMETPUIHKX
napaMeTpiB KOHCTPYKIIii, Oyayerbest 3D momensb triry SOLID (pucyHok 20) Ta BUKOHYEThCS

KpeciieHHs1 poyinka (pucyHok 2a). [lo 3D mMomeni, 3 JOMOMOro Bi3yaJbHOTO KOHTPOJIIO
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KOPHUCTYBa4-TIPOSKTYBATLHUK AQHANI3YE OTPHMaHy JETalb 1 MPH HEOOXITHOCTI BHOCUTH
HEOOX1/THI 3MIHU B KOHCTPYKIIIFO.
B mporpami nependaveHa 3MiHa MacmTady 3 JOMOMOTO0 iajJoroBoro BikHa. Ha

PHUCYHOK 3 TpUBE/IeHI pe3yJbTaTh BUKOHAHHS KPECICHHS MPU 3MiHI OCHOBHOT'O MacIlITaly

0a30Boi JeTatl.

1=

e

35)
us
¥
{
{

Pucynoxk 3 — [ToGynoBa 2-D kpecienHs 3i 3MiHOO MacITady

BucnoBku. Po3pobiena nporpama ijisi BIOCKOHATICHHST METO/1iB aBTOMAaTH30BaHOTO
MPOEKTYBAaHHsI YIIOPHOI'O POJIMKA, SIKa JI03BOJISIE BUKOHYBATU 2D-KpecneHHs Ta 3D-monenb
Ty SOLID. ¥V nporpamaoMy 3abe3rneueHHi BUKOpHUCTaHi QyHKIioHapHa MoBa AUtOLISP
Ta MOBa ympaBmiHHA mgiamoroBumu BikHamu DCL, 1mo pae 3MOry 3acTocOByBaTé
IHTEPaKTUBHUI PEXUM YBEJICHHS JaHUX Ta KOHTPOJIFOBATH 1X 3HAUCHHSI.

3acTocyBaHHS TPOTpaMH 3HAYHO TMPUCKOPIOE BHUKOHAHHS KOHCTPYKTOPCHKOI
JOKYMEHTALIIi Ta MIABUIILYE 11 SIKICTh Y MPOIIECI pO3pOOJICHHS! HOBUX 1 MOJIEpHI3aLlii JIF0UHX
MEXaHI3MIB PUBO/LY. Y MEPCHEKTUBI MPOrpaMHe 3a0e3MeUeHHsI MOXKe OyTH 100MNpalibOBaHe

Ta JONOBHEHE HOBUMH (DYHKIISIMM 3aJIKHO BiI BUPOOHMYMX TMOTPEO, 30Kpema Jyis
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iHTerpanii 3 komruiekcoMm VESNA 3 MeToro MoemHaHHA pO3paxyHKIB HAa MILHICTH 1

ABTOMATHU30BAHOI'O CTBOPCHHA KpCCJISIpCI)KOI I[OKYMCHT&Hﬁ.
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YK 662.766.3
OCOBJIMBOCTI MIPOMHUCJIOBOI'O BUPOBHULITBA ALHETUJIEHY
cryneHT Kaminoscekuii O.A., kepiBHuk Cemincekuii O.0.
HaunionanbHUil TeXHiYHUI YHiBEpCUTET Y KpaiHu
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AHOTAWisI: PO32NAHYMO OCHOBHI NIOX00U 00 NPOMUCIOB020 BUPOOHUYMBA
ayemuieny, HageoeHi 0CoOIUBOCMI NOWUPEHUX CNOCODI8 BUPOOHUYMEA.
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Abstract: The main approaches to the industrial production of acetylene are
considered, and the features of the most common production methods are presented.

KEYWORDS: ACETYLENE, CALCIUM CARBIDE, HYDRATION OF
CALCIUM CARBIDE, CARBIDE METHOD, HYDROCARBON PYROLYSIS,
ACETYLENE GENERATORS, ACETYLENE PRODUCTION

AnieTusieH BiJIIrpa€ 3HAUYILY POJIb y MPOMHUCIOBOCTI, € MOTO 3aCTOCOBYIOTH:

1. SIx cupoBHHY JUIsl OJE€p>KaHHS XIMIYHMX PEUYOBHUH (CIUPT, alleTOH, BIHUIALETUIIEH,
MOJIIAKPWJIOHITPUJI, BIHUJIALIETAT TOIIO). AIETHIICH 3MIIIYIOTh 3 XJIOPOBOJHEM JIS
OTPUMAaHHS TMOJIBIHUIXJIOPUAY, SKUWA BHKOPUCTOBYIOTH Yy OyHIBHUUTBI Ta
BUPOOHHUIITBI TKAHUH.

2. Y Ta3oBOMy 3BapiOBaHHI, SK OCHOBHUW Ta Halle(EKTUBHINIMK MaTbHUNA Ta3,
OCKUIBKM B CyMIIlll 3 KHUCHEM CTBOPIOE HAWBUINY TeMIlepaTypy NOJIyM s 10
3150 °C, 3abe3neuye KOHIIEHTPOBAHHUI HArpiB, BUCOKY SAKiCTh IBa. [1]

ALeTHICH He MNOIMPEHMH y mnpuponi. Moro MoxHa ojepxaTH IHMIe 3a

J0TIOMOTor0 cuHTe3y. Hapasi nommpeHi 2 MeTou o/iep>KaHHS alleTUJICHY:
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[Tiponiz ByreBomHiB [2]. Haifuactimme mis bOTO IPOIECYy BUKOPHUCTOBYIOTH
npupoaauii ras. [1ig yac HarpiBaHHs Ta3iB, 10 MICATh METaH 1 HOTO TOMOJIOTH, 3a
MEBHUX TEMIIEPATyp HACTA€ CTYIIHYACTE PO3KIIAIaHHS BYTJICBOJHIB 3 YTBOPCHHSIM
HeCTaOUTbHUX pagukaiiB, Takux K «CHz—», «CH,=» 1 «CH=». Yac icHyBaHHS 1TUX
paauKaiiB y>)ke KOPOTKMH — YacTKU CEKYHIIU. SIKIO TemIiepaTypy Takoi ra3oBoi
CyMillli TIBUAKO 3HU3WUTH, paIUKaId 3 €THYIOTBCSI MIK CO00I0, YTBOPIOIOYH
pI3HOMaHITHI ByrJieBojHI. CrnoctepiraTd 1€ MOXHa HarpiBIIM TPUPOAHIN ra3 1o
temrepatypu 1600 °C 1 mBuako oxonoauBimm ioro g0 150 °C. YTBopeHna cymimr
CKJIQJIaTUMEThCS 3. aleTHiieHy Ta ioro romosoriB (13...14 %), Boguio (45 %),
metany (30...35 %), etun (1 %), caxi (1 %) ta iHmux momimok. Llel cmoci6
3MIACHIOIOTh OJHUM 3 JIBOX METOMIB: el1eKmpo- abo mepMOOKUCTIOBATbHUM
KDEKIH2OM.

EnexTpokpekiHr TpUpOAHOro ra3y BiIOYBa€eThCA B €JIEKTpOAyroBii meui. Ilifg
trckoM 1,4...1,5-10° I1a npupoauuii ra3, pyxaroumch i3 mBuaKicTo noHan 100 m/c,
MOJIA€ThCA B PEaKIliiHy KaMepy siKa sIBJsie COOOI0 MOPOXKHIA CTANIbHUM HUIIHIP.
I'a3, o HaaxoauTh y miy, HarpiBaeTbes 10 1600 °C 3a 101OMOrow eleKTpOAYTH,
SAKa CTBOPIOETHCS MOCTIHHMM cTpymoMm mpu Hampy3i 8000 B. T'azu 3 BHCOKOIO
MIBUKICTIO BUBOJSTHCS 3 T€Ul MO BY3bKIN TPYOIl, sIKa OXOJIOIKYETHCS BOJOKO 1
3HKye Temneparyp ao 600 °C , ta Oe3nocepeqHIM BIPUCKYBAHHSM, IIBUAKO
oxonokyerbes 10 150 °C . TepmiyHUI KPEKIHT MPOBOAUTHCS B PEreHEPATUBHUX
neyax, /e MpUpOJHUN ra3 KOHTAKTYE 3 HarpiToro Hacaakorw. Hacanka siBiisie co060ro
MJIACTUHY 3 OKCHAY aJIOMIHIIO 3 UWIHAPUYHUMH NpoxojgaMu. [ns mouartky
KPEKIHTY M4 po3irpiBaroTh 10 Bucokux Temmepatyp (Big 1450 °C no 1600 °C). ¥V
IpolLieci peakilii HacaJka MOCTYNOBO OXOJIOJKYETHCS 1 MY MOBTOPHO HArpiBalOTh.
3a HasgBHOCTI JBOX Tie4eil, 3a0e3MedyeThCs HEMEPEePBHUM MPOIEC, MPHU SKOMY
HacaJKa OJIHIET Meyl HarpiBa€TbCs y TOM Yac sIK Ha 1HIIINA BiAOYBa€TbCsS KPEKIHT,
NOTIM HJe 3MiHa MOTOKY Ta3iB. [IpoayKT TepMiuyHOro KpekiHry MicTuTh 7...10 %

auertuieny [2].
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2. KapOiguuit meron [2]. anuit meTon 6a3yeThCsl HA B3a€EMO/IIT KapOiay KaibIlio Ta

BOJIM, TIPH SIKIM YTBOPIOETHCS allCTHJICH Ta T1APOKCH Kajbllilo (TallleHe BaITHO).
TeopeTtnuHo, Mpu NOBHOMY po3KJafanHi 1 Kr yuctoro kap6iay kambiito nmpu 20 °C
ta 760 MM. pT. CT., YTBOpIO€EThcs 347 miTpa cyxoro ameruiieny a6o 380,9 mitpa
aleTWIeHy, HacuyeHoro mnapamu Boau. OJHAK TPaKTUYHUN BUXIJ allETUJIICHY
3aBXAM HWKYMA TEOPETUIHOTO, OCKIUIBKA B TEXHIYHOMY KapOimi KaJbIlifo
MICTUTBCS B cepeanboMy Jume 70% CaC,, pemra e AOMIIIKA Ta TMOOIYHI
KOMIMOHEHTU. KiNbKICTh aleTusieHy, YTBOPEHOTO MpH TOBHOMY pO3KJIaJaHHI
BOJIOI0 | Kr kapOily Kalbllilo, HA3UBAIOTh JITPAXXOM KapOigy KaibIll0 JaHOTO
copty. Ha mpakTuii nitpaxk TeXHIYHOro KapOifdy KaJbllil0 KOJUBAETHCA B MexkKax
230-300 n/kr.
AmnapaTu, B AKUX MPOBOJUTHCS PO3KIIAAaHHS KapOily KaibIil0 BOJOI0, HA3UBAIOTh
ayemunieHosuMY 2eHepamopamiu. 3a TPUHLIUIOM JIi Ta COCOOOM pEryIIOBaHHS
KUIBKOCT1 alleTWIIEHY, 110 BHUIUISETHCA PO3PI3HAIOTH TeHepaTtopu cucreMm «Bopa-
kapO611», «Kapb6ia-Boay» «cyxi» abo «0e3lIaMoBi» TeHEPaTOPH.

B renepatopax cucremu «Bopa-kap0im» mmaTkd  KapOily — KaJbLlo
3aBaHTAXYIOTh B CIEIIaJIbHI €EMHOCTI 1 MPOIIEC PO3KIAIaHHS PETYJIOI0Th, 3MIHIOIOUU
KUIBKICTh BOJIM, IO JOJAEThCA 10 KapOimay. [lepeBaramu Takux reHepaTopiB € JIETKE
00CITyroByBaHHS 1 HEBEJIUKI PO3MIpH, TOPIBHSIHO 3 T€HEPATOPOM 3a MPUHLIMIIOM il
«Kapbin y Bomy». Heponmikamu € HeBeluMKa TMPOAYKTHBHICTh, Uepe3 M0 iX
BUKOPUCTAHHS Ha BUPOOHUIITBI HE AOLIIbHE.

['enepatopu cuctemu «Kap06ia-Boay» 3amOBHIOIOTH BOJOKO JI0 3aJaHOTO PiBHS,
MICIISL YOTO XUBUJIBHUKOM 3aBAaHTAXKYIOTh Y BOJY TPaHYJIbOBAHHUM KapOij KaJbIlifo.
[Tomgauy xap0iny BU3HAuUa€e THCK y poOOUiil Kamepi reHeparopa: sIKIO TUCK MEHIIE 3a
HEOOXITHUHN — B1IOYyBa€ThCA Moja4a HACTyMHOI mopitii. [lepeBaramu Takoro anmapary €
JIETKICTh OOCIYroBYBaHHs 1 BUCOKMI BuXij arnetwieHy (otpumanns 95...97 %).

Henmosiku mosyisiraroTh y MiJBUINEH M BUTpaTi BOAU Ta rabapuTHOCTI.\
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«Cyxwuit cnocid» 06a3yerbcss Ha MeToni «Boma-kap6ig». 3a UM MeETOAOM [0
peakTopa CIovaTKy JaroTh KapOiJ B MEBHIM KUIBKOCTI, a 0 HHOTO JOAAIOTh BOJY B
KUTBKOCT1 HEOOXIJIHIM JUIsl TMOBHOTO TPOTIKaHHSA peakilii riaparartii. Hegomikamu €
MIJBUIIEHI BUMOTH JI0 PIBHOMIPHOCTI TOJAa4l Ta CKJIQJHICTh KOHCTPYKIIII JTO3YHOUHX
PUCTPOIB. [3]

Kap6inuuii MeTo1 BUpOOHUIITBA alIETUIICHY Ma€ KiJibKa KIIOYOBUX TEpeBar: BiH
3abe3reuye OTPUMaHHS alleTHJICHY BHUCOKOI YHMCTOTH 3aBASKH BHOIPKOBIM peakiii
rifgpaTamii kapOily KajbIlilo, HE MOTpedye MPHUPOAHOTO Tra3zy 4u HAPTOMPOAYKTIB
(e 3HauyHo noctynHiml CaC; Ta BOJY), MO3BOJISIE BUKOPUCTOBYBATH BIJHOCHO
MpoCTE€ Ta HEJAOpOre OOJIaHAHHA, a TaKOX J1a€ MOXKIIUBICTh JIETKO DPETyJIIOBaTU
IHTEHCUBHICTh YTBOPEHHS allETUJIEHY LIJISIXOM 3MIHH MOJavl BOJH, 1[0 pOOUTH IPOLIEC

THYYKHUM 1 3pYYHUM [T PI3HUX YMOB BUPOOHUIITBA.

IlepeJiik mocu/ianb:

1. Hoco JI. I'. KOHCITEKT JIEKLIN 3 aucuumninu «a3otepmidna 06pobka
MarepianiBy» - Kam Hebke: Bua-so JIJITY, 2019. 51 c.

2. lenuctok P. O. Ximiuna texnosorist: [linpyunuk. — Xutomup: Bun-so XKY
im. [. @panka, 2017. 350 c.

3. FOxenwcon 1. 1. TexHO0TIE OCHOBHOTO OpraHiuHoro cuutesy / limis IcaeBuu
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TYPES AND STRUCTURE OF FURNACE GRATES
Student Igor Kovtun, PhD, Assoc. Prof. Andrii Stepaniuk
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

Abstract: The design, types, and operating principles of furnace grates are
presented. The functions of grates in the combustion process and air supply are
described. The advantages and disadvantages of different grate types are analyzed.

Keywords: GRATE BARS, FUNCTION, GRATE STRUCTURE, TYPES OF
GRATES

THUIIN TA KOHCTPYKIIA TOIIKOBHUX KOJIOCHUKOBUX
PEHIITOK
Crynent Irop KoBtyH, K.T.H., 011. AHzpii CTenaHiok
HaunionanbHuil TeXHiYHMI YHiBepCUTET Y KpaiHU
“KuiBcbKuil noJiiTexHivyHuil iHcTUTYT iMeHi Iropsa Cikopcbkoro”
AHoTtauisi: [lpeocmaeéneno KoHCmMpyKyilo, munu ma NpuHyunu pobomu
MONKOBUX KOJIOCHUKOBUX pewimok. Onucano yukyii pewimox y npoyeci 2opinHsa ma
nooaui nosimps. llpoananizosano nepesacu ma HeOONIKU PI3HUX MUNIE PEULIMOK.
Kuawuosi cinosa: KOJIOCHUKHU, ®YHKIIA, KOHCTPYKIIA PELIITKHU,
TUIIN PELIITOK

The grate bar grate is a special separating structure in the form of a grate of the
heating part of a furnace or boiler that supports a layer of solid fuel. At the same time,
burnt fuel in the form of ash freely passes through the gaps and openings between the
grate bars, which thereby does not block the free passage of air masses. The grate is
located between the fuel combustion chamber and the ash compartment. Grate bars are
a separate cast-iron or steel element of grate bars, intended mainly for installation in

large furnaces.[1]
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Why grate bars are needed

- for maintaining the combustion of solid fuel by creating natural air
convection coming through the ash pan;

- for removing ash from the furnace, which interferes with the passage of
air.

Grate bars are divided into two types:

- Movable;

- Fixed.

Movable grate bars for fireplaces and furnaces consist of several sections and a
common shaft. They allow saving effort during cleaning and maintenance. The main
feature is the presence of a horizontal or vertical axis of rotation, which facilitates ash
removal and improves the fuel combustion process. Depending on the angle of
rotation, such furnace grate bars can be full-turn or rocking. When tilted by 30°, the
slag loosens, allowing the burnt mass to crumble into the ash pan. A special type is
represented by movable vibrating grate bars of two plate grates rotating by 180°. The
installation provides additional cutouts in the brick, which caused the limited use of
such structures and their high cost.[2]

Advantages of the movable grate bar:

- Combustion efficiency: Allows maintaining optimal conditions for
combustion, ensuring complete fuel combustion and reducing emissions.

- Ease of operation: Facilitates ash removal and prevents its accumulation,
which reduces the need for frequent maintenance.

- Durability: Helps prevent overheating and damage to the boiler, extending
its service life.

Disadvantages:

- Need for maintenance: Even with a movable grate bar, regular

maintenance is required to ensure its normal operation.
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- Complexity of construction: Mechanisms of adjustment and movement of

the grate bar may increase the cost and complexity of the boiler.[3]

Fig.1 — Movable grate bar grate

1 —rod; 2 — axis; 3 — grate

Fixed grate bars for furnaces mainly have the shape of a rectangle with closely
spaced ribs and are produced in various sizes and thicknesses. There are basket grates
used in open-type furnaces. They are not particularly popular, therefore it is quite
difficult to buy such a model.

Advantages of the fixed grate bar:

- resistant to prolonged heating;

- cheapness relative to water-filled ones (shaft-type boilers with cast-iron
grate bars are cheaper);

- easily replaceable in case of malfunction.

Disadvantages:

- cast iron is a brittle metal. During installation of the grate bar, this must
be done carefully.

- when using coal as fuel, it may coke, forming lumps. Air will not pass in

sufficient quantity and the combustion process will stop.[4]
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Fig.2 — Fixed grate bar grate
a — flat tile; b — box tile; ¢ — beam grate bar
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HEAT TRANSFER INTENSIFICATION IN A SHELL-AND-TUBE
HEAT EXCHANGER
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«lhor Sikorsky Kyiv Polytechnic Institute»

Annotation. The importance of obtaining hydrogen fluoride, in particular by
sulfuric acid decomposition of fluorite, is shown. The negative aspects arising during
the operation of heat exchangers are defined. Proposed solutions for improving the
design of heat exchangers and their operation.

KEYWORDS: HEAT EXCHANGER, SULFURIC ACID, HYDROGEN
FLUORIDE, HEATING.

IHTEHCU®IKALIA TEINIOOBMIHY B KOKYXOTPYBHOMY
TEINJIOOBMIHHUKY
Crynenr 3ukiH 1. C., gou., k.T.H. HoBoxat O. A.
HartionanpHuit TEXHIYHUN YHIBEPCUTET YKpaiHU
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Hydrogen fluoride is an important chemical used in various industries, including
the chemical industry, metallurgy, electronics, and pharmaceuticals. One method of

producing anhydrous hydrogen fluoride is by decomposing fluorite with sulfuric acid
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(H2SO4), which is cost-effective but requires high temperatures. For efficient
decomposition of fluorite, it is necessary to maintain a high temperature of the sulfuric
acid, which is usually heated to 200-300°C.

To heat sulfuric acid, saturated water vapor is usually used, which condenses
during heat exchange to form condensate and uncondensed inert gases.

The developed heat exchanger will allow for more intensive heat exchange
between the two environments, in particular when a gas coolant is used.

The essence of the heat exchanger modernization is to add grooves in the side
parts of the partitions (Fig. 1). During operation, it was observed that when supplying a
gaseous coolant to the intertube space, it, alternately passing in a wave-like manner
through the existing partitions, has the lowest resistance in the center. Because of this,
along the sides near the inner surface of the shell, the amount of coolant can decrease

and heat exchange can deteriorate.

Fig. 1 — Grooves in the upper intertube partitions

Additional grooves in the partitions near the sides of the shell will increase the
amount of coolant flow and equalize its flow across the entire cross-section of the
shell. This will ensure more uniform heating of the pipes near the walls of the casing
during heating.

The slots in the top of the intertube walls facilitate the passage of both the
gaseous coolant and some of the non-condensable inert gases released during the
condensation of water vapor. These gases can pass through the top of the intertube in a

straight line to the non-condensable gases outlet.
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In addition, the grooves in the lower part of the partitions will improve the
movement of the condensed coolant to the outlet fitting (Fig. 2). The condensate
present in the middle of the heat exchanger when covering the lower pipes is an

additional thermal resistance and contributes to the acceleration of metal corrosion.

Fig. 2 — Groove for condensate flow in the lower pipe partitions
Thus, adding appropriate grooves to the intertube partitions will improve heat

transfer between the two media when using water vapor as the heat carrier.
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AHOTANIA: VYV poGoTi poO3riIsHYTO TEXHIYHI AaCMeKTH MOJepHi3allil
BUMApHUKA JUISHKM  peKymeparii ImapiB  aleToOHy 3 METOK  IABUIIEHHS
eHeproe(peKTUBHOCTI Ta CTAOUIBHOCTI TEIUI00OMiHY. 3ampONOHOBAHO BIPOBAKEHHS
CUCTEMH MEXaHIYHOTO OYHWIICHHS TpPyO 3a JOMOMOTOI0 OYMCHUX KyJdb Ta
BUKOPUCTAHHA HHU3bKOPEOPUCTUX TPYO SK I1HCTPYMEHTIB I1HTEHCH(IKAIi MpoIecy
KUIIHHS ¥ 3MEHIIEHHA 3a0pyJHEHHS TEIMI000MIHHOT ToBepxHI. OOIrpyHTOBAHO
TEXHIYHY JOILUIBHICTh 3alpONOHOBAaHMX 3aXO/IB Ta iX BIUIMB Ha EKCIUTyaTallliH1
MOKa3HUKH YCTAHOBKH.

K/IIOYOBI CJIOBA: BUIIAPHUK, PEKVIIEPALIA ALIETOHY,
KOXYXOTPYBHUM  TEIUIOOBMIHHUK, HM3bKOPEBPUCTI  TPVBH,
MEXAHIYHE OYUILEHHA, IHTEHCU®IKALIIA TEIIJIOOBMIHY,
EHEPITOE®EKTUBHICTB.

Bumapauk y cucreMi pekymneparlii mapiB aleTOHy BHUKOHYE KIIOYOBY
TEXHOJIOTIUHY (QYHKLIIO - 3a0e3nedye MOBTOPHE BHIIAPOBYBaHHA abo0 MIAIrpiB
KOHJICHCATY alleTOHY 3 METOI0 MOTr0 MOBEPHEHHS B BUPOOHUYUHN UK. TakuM 4uHOM,
anmapar [MiJBMILYE CTYIIHb YTWIi3alli pO3YMHHUKA, 3HIKYE BTPATH JIETKHUX
opraniyaux cnoayk (JIOC), wiHIMI3ye BHUKUAM B arMocepy Ta 3MEHIIyE
eHeproButpatu mignpueMmctBa. CrabiibHa poOOTa BHUMApHHUKA OE3MOCEPEIHbO
BIUIMBA€E HA MaTepiaibHUI OaJaHC Ta €KOJIOT14HI MOKa3HUKU BUPOOHUIITBA.

KOHCTpYKTHBHO BUTApHUK JUISHKA pEKymneparii mapiB aleToHy MaroTh
TpyOHUN TMYYOK, SKHH PO3MIINIYETHCS BCEPEAMHI IMUWIIHAPUYHOTO KOPIYCY; HarpiB
3MIIMCHIOETHCS HACUYEHOIO BOJISIHOIO MAPOI0, SIKA MOJAETHCS Y TPYOHUN TPOCTIp, TOMII

K aneToH abo aleTOHBMICHA CYMIII PYXA€ThCA MO MDKTpyOHOMY mpoctopi. [lms
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iHTeHcH(DIKaIii TErmI000MiHY 3aCTOCOBYIOTHCS CETMEHTHI TEPETOpPOAKH, IO
(bopMyIOTh TOIIEPEUHUI MOTIK TerIoHoCis [1].

NApPH NPOIYKTY
neperopoaKa £
KOpITy ¢ I MONEPETHI NIEPeropoIIaH
' / Tpy Ouarnit nyvox
‘ napa

/ 4

J

ﬂ m . YOINOALTRYA KaMepa
‘ * KOIHPOK * I N ¥

KOHICHCAT

Pucynok 1 — CxemaTuuHe 300pa<eHHs BUIIAPHUKA

OpHuM 13 MEPCIEKTUBHUX HAIpPsMIB MOJEPHI3alli TENJIO0OOMIHHUX anapariB €
opeOpeHHs TpyO, IO J03BOJISE€ OJHOYACHO 30UIBIIUTH TUIONTY KOHTAKTHOI IMOBEPXHI,
IHTEHCU(DIKYBaTH TYpOYJEHTHICTh MOTOKY TEIUIOHOCIA Ta MOKPAIIMTH BIATIK
KOHJICHCATYy.

[le opebpenHs, y Mo€IHAaHHI 3 ONTUMI30BaHOIO (QopMoOI0 pebdep, 3abesneuye
MPUCKOPEHU BIATIK KOHJEHCATy, 3MEHIIye HeOa)kaHe HAKONMWYEHHS pPIIUHHU Ta
3HIDKYE T1IpaBIiyHI BTpaTH y MKTpyOHOMY mpocTopi. [li yac kumiHHS alleToHy Ha
opeOpeHiil moBepXH1 BiI0YBAETHCS aKTUBHIIIE 3apO/KEHHSI OyIh0aIIoK, 10 MiABUIILYE
Koe(ilieHT TeroBianayl [2].

3okpema, kKoMOiHOBaHE opeOpeHHs TpyO y nediermaTopi BUKOHYE Taki (PyHKIIIT:

1) 30inbIICHHST TUIONI TEIUIOBOTO KOHTAaKTy 0€3 3HAYHOTO YCKJIaJIHCHHS
KOHCTPYKIIii, 0 MPSAMO MiABUILYE TEIUIOBY MOTYXHICTh anapara.

2) Tlokpamenns ¢inpTpamii ¢asoBoro mepexoay (KOHIACHcaIlli Mapis),
3MEHIIEHHS 30H 3aCTOI0 Ta JIOKAIbHUX TEMIIEPATYpHUX IPaI1€HTIB.

3) 3HMKEHHS TiAPaBIIYHOrO OMOPY y MOPIBHSAHHI 13 CYTO TJAAKHUMH abo
OJIHOPIAHO peOpUCTaHUMHU TpyOaMu, 3aBASKU aJaNTUBHIA TeoMeTpii

pebep y pi3HUX 30HAX anapara.
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4) TaTeHcudikallis TEIUIOHOCITBOTO MOTOKY, III0 JTI03BOJISIE BUKOPHCTOBYBATH

I[e(bJICFMaTOPI/I B YMOBax 3MIHHHUX TEIUIOBMX HaBaHTa)XKCHb 0€3 3HAYHMX

KOJIMBaHb TEMIIEPATYPHOTO PEXKUMY.

Z. i
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1 — cnipansHe opedpeHHs; 2 — TeI00OMIHHA TpyOa
Pucynox 2 — Opebpenns Tpyou
OCHOBH1 KOHCTPYKTHBHI ITapaMeTpu OpeOpOBaHUX TPYO
* 30BHIIIHIN AiameTp pedpa (D): 1o Tprox aiameTpiB 6a30B0i TpyOH (d)
* Kpok pedpa (t): Big 2,5 mo 10 mm;

 MaTepiai pedpa: amomiHii a0 MiJib;

OTtxe, MoJIepHi3allisi BUMApHUKA JUISTHKYA peKyIiepallii mapiB aneToHy HUISIXOM
3aCTOCYBaHHS HU3BKOPEOPUCTUX TPYO 3 CHipaabHOI (POPMOIO € TEXHIYHO JOULUIHHOIO

Ta €KOHOMIYHO OOIPYHTOBAHOIO. 3alpONOHOBAaHE PIlIEHHS 3a0e3Meuye MiIBUIICHHS

IHTEHCHBHOCTI TEIJTIOOOMiHY, IO T1ABHINYE KOS]III€EHT TEIIOB1 1141
Cnucok nitepaTypu
1.

Shah R. K., Sekulic D. P. Fundamentals of Heat Exchanger Design
Hoboken: John Wiley & Sons, 2003. 941 p.

2.

Hewitt G. F., Shires G. L., Bott T. R. Process Heat Transfer. Boca Raton
CRC Press, 1994. 594 p..

71



36ipuuk Te3 gonosineir XXXVIII Beceykpainchbkoi HAayKkoBo-IpakTH4YHOI KOH(epeHii cTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepianiB”

UDC 630
MUTUAL DEVELOPMENT OF FORESTRY ENTERPRISES AND
HEAT GENERATING FACILITIES WITH CONSTANT
INTERACTION
Kremnov V., Belyaev G., Belyaeva I., Zhukov K.,
Korbut N., Stetsuk V., Timoshchenko A.
Institute of Engineering Thermophysics of the NAS of Ukraine

ABSTRACT. The paper is devoted to the organization of long-term sustainable
interaction of forest farms and enterprises close to them with mandatory technical and
organizational re-equipment of their fixed assets.

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

B3AEMHUI PO3BUTOK JICOTIOCIIOJAPCHKUX NIAMPUEMCTB TA
TEILIOTEHEPYIOUMX OB’EKTIB ITPU CTAJIIA B3AEMOIII
KpemunoB B.O., bensies I.B., bensena LI1., Kykos K.JI.,

Kopoyt H.C., Creutok B.I'., Tumomenko A.B.

[acTuTyT TexHiunoi Teruodizuku HAH Ykpainu

AHOTAI[IA. Poboma npucsesuena opeaHizayii 00820cmMpoxKooi cmanoi
83a€MOO0II ice0Cni6 ma HAOAUNCEHUX 00 HUX NIONPUEMCIE 3 0008 S3KOBUM MEXHIKO-
OpP2aAHI3AYTUHUM NEPEOCHAUJEHHIAM IX OCHOBHUX (POHOIE.

KJIFOYOBI C/IOBA: J[EPEBHA I[TAJIMBHA TPICKA, JIICOI' OCIHIOHAPCBKE
HIIIPUEMCTBO, HEJIIKBI/IHI BI/IXO/[U JIEPEBHUHU.

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

wood resources.
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Results.The report belongs to one of the traditional activities of the laboratory of
heat and mass transfer processes and equipment - a drastic reduction in unit costs for
fuel and energy component in heating and production processes through systematic
intensification of thermal technologies and extensive involvement of secondary energy
and material resources [1].

The work is based on the following conceptual provisions.

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

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

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

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

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

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

Conclusions.Technical requirements, design solutions and a "road map" for the
gradual involvement of forestry enterprises in sustainable interaction with energy
facilities have been developed [2, 3].

References.
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MOIEPHIBAIISA JEDJIEIMATOPA YCTAHOBKU AJIKIJTYBAHHSA
BEH30J1Y
cTtyneHT Autonuuk €. €., ctapmuii BUkiaaad, 1.T.H., ¢.H.c. Konuk A.B.
HaunionanbHUil TeXHiYHUI YHiBepCUTET Y KpaiHu

“ KuiBcbkni mojiitexHiyHuii iHcTutyT iMeni Iropsa Cikopcebkoro ”

AHOTAUIA: V pobomi 3anpononosano modepHizayito Oeghreemamopa
VCMAHOBKU ~ QIKITY8AHHA OEH301y UWISAXOM OCHAU(eHHS GHYMPIWHbLOI NOBEpXHI
MennooOMiHHUX mpyo Mikpopebpamu, wo @opmyrwoms mypOYIeHMHICMb HOMOK)
0X010021CY104020 cepedosuwya. Taxka moougikayis zabesneuye 3HUNCEHHS 2abapumis
anapama npu 30epedceHHi 1020 Menai080i NOMY*CHOCMI 3a PAxyHOK HOpMAi3ayii
MeMnepamypHo20 pelcumy KOHOeHcayii ma 3MeHueH s T0OKAIbHUX nepezpisis.

KJIIOYOBI CJIOBA: JJE®JEITMATOP, AJIKIJTYBAHHS BEH3O0JIY,
TEIIOOBMIHHUN KOXYXOTPYBHUI ATIAPAT, MIKPOPEFBPA,
IHTEHCU®DIKAILLA TEITJIOOEMIHY.

[Ipomiec ankimyBaHHs O€H30Jly BHUMAara€ BHCOKOI TOYHOCTI MIATPUMKH
TeMIIEPaTypHOTO pPeXUMY B jaediaerMaropi, OCKUIbKM e(PEKTHBHICTh BIIIUICHHS
aNK1710€H3011B 6€3M0CcepeTHRO 3aJIEKUTh Bl PIBHOMIPHOCTI KOHACHCAIIT Ta KOHTPOJIIO
dpakiifinoro ckiany. TpaauiiiHi KOXKYyXOTpYyOHI TEIIOOOMIHHUKHU (fedierMaTopH),
[0 BUKOPUCTOBYIOTHCS Ha TMPOMHCIOBUX YCTAaHOBKAaX, MalOTh OOMEXKEHY
e(eKTUBHICTb TEIJIONEepeadl Yepe3 HEPIBHOMIPHICT PO3MOLUTY Mapu Ta TEMJIOHOCIIB,
JIOKaJIbHI 3aCTOT Ta HEAOCTATHIO TUIONTY KOHTAKTHOI MTOBEPXH.

OgauM 3 TMEpPCNEeKTHMBHUX HAMpSIMKIB  MoJepHizamii  aediermatopa €
BUKOPUCTAaHHA OpeOpeHHs Ha BHYTPIIIHIN MOBEPXHI TEMJIO0OOMIHHUX TPYO (PUCYHOK
1). Taka KOHCTPYKTHBHA 3MiHa JTO3BOJISE CYTTEBO MiABUIIMTH €(PEKTHBHICTH MPOLIECY
TerI000MiHy 0€3 1CTOTHOTO 30UIbIICHHS TabapuTIB amapaTa 4d J0JaTKOBHX BUTpAT

eneprii [1, 2].
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Pucynok 1 — 3006paxkeHHs1 Mikpopebep Ha BHYTPIiLlIHIH MOBEPXHi

TEIIO0OMIHHUX TPYO

Inest opeOpeHHs noJiArae y CTBOPEHHI Ha BHYTPIIIHIN NOBEPXHI TEIIOOOMIHHUX
TpyO HEBENUKHUX CHIpAIbHUX a00 TO3JOBXHIX BHCTYIIB, fAKI (OPMYIOTbH
TypOYJEHTHICTb MOTOKY po0Oodoro cepefoBuiia. TypOyJAeHTHMH pyX cCHpHsE
MIJBUILIEHHIO TEIUIONEepeaayl BiJ] CTIHKH TPyOM IO MOTOKY OXOJOJKYHYOi pIJIUHH,
3MEHIIYIOYM TPU [bOMY TOBIIMHY TEIUIOBOTO IMOTPAHUYHOTO IIapy, BiJAIMOBIJIHO,
MIJIBUINYEThCS  KOe(IIIEHT Teruionepenadi. Y paediermMaropax i aJdKUTyBaHHS
OeH30ily 1€ J03BOJIUTH OIbII €(PEKTUBHO BIJABOJWUTU TEIUIOBY €HEPrii0 BiJ
KOHJICHCOBAHUX TMapiB aJKUIOCH30Jy, CTAaOUII3yBaTH TEMIIEPATypHUN PEXUM Ta
3a0€3MeunTH PIBHOMIPHY KOHACHCAIIIIO TI0 BC1i JJOBXKHKHI anapara [2].

Mertoau peanizailii BHyTPIIIHBOTO OpeOpeHHs y TpyOax aediermaropa:

1) MexaHl4yHe Tpo(dUIIOBaHHS BHYTPIIIHBOI TOBEPXHI TPyO — BKIIOYAE
rBUHTOBE a0o0 cIipalibHE MPOTOYYBaHHS MeETaly, XoJiogHe naedopmyBaHHS abo
00poOKy MeTalleBUMH pPOJUKaMH i (OpMyBaHHS TMO3J0BXKHIX a00 CHIpaTbHUX
BuctymiB. lleit meroyn 3abe3nedye TOYHE BH3HAYEHHS BUCOTH Ta KPOKY pedep aiis
ONTUMAaJIbHOI 1IHTeHCHU(IKaIlli TeTo00oMiny [3,4].

2) TuTTsE a00 eKCTpy3is TpyO 13 IHTErpOBaHOIO MIKPOCTPYKTYPOIO — TpyoOH
BUTOTOBJIAIOTHCS 3 PEOPUCTOI0 BHYTPIIIHBOIO MOBEPXHEIO Bijpa3zy npu (popMyBaHHI
MeTany abo KOMITIO3UTHOTO Matepiany. Lle mo3Bossie orpumaTtu TouHi podisti pedep

Ta YHUKHYTH JI0AaTKOBOI MEXaHIYHOI 0OpOOKH.
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3)  BHUKOPHCTaHHS BCTaBHUX pEOPUCTUX EIEMEHTIB — Yy TIaAKi Tpyou
IHTETPYIOTHCS BHYTPIIIHI BCTABKU 3 IMO3JOBXHIMU a00 CHipaJIbHUMU KaHaBKaMH.
Taxuit Meton 3abe3neuye Jerky Moau@ikalio iCHyroYnX TpyO 6e3 iX moBHOI 3aMiHH i
JI03BOJISIE €KCMIEPUMEHTAIBHO MIJOUPATH ONTUMAJIBLHUN TPOPUIb 11 KOHKPETHOTO
OTOKY [4].

KoxeHn 13 muMxX METOIIB peanidye MPOTHO30BaHYy TypOYJIEHTHICTh MOTOKY 1
HiABHINYE KOSIIIEHT TeIUIonepeaadi, BogHovYac 30epirarouu JOMyCTUMI T1IpaBiliuHi
BTpatu. lloeaHaHHs BHYTpIIIHIX MiKpopeOep 13 30BHIIIHIM OpeOpeHHAM Tpyo Ta
ONTHMI3alll€l0 KOMIIOHYBaHHA Iydka TpyO 3a0e3reuye KOMIUIEKCHY 1HTEHCHU(DIKAII0
TEIJI000MIHY, 110 MiABUIINYE €(EeKTUBHICTh pOOOTH AediierMarTopa.

[lepeBaru 3acTocyBaHHSI BHYTPIIIHIX MIKpOpeOep BKIIIOUAIOTh:

) HiABHIICHHS KoedimieHTa Teruionepenayl B mexax 10+25 % 3anmexHo Bif
reoMeTpli pedep 1 LIBUAKOCTI MOTOKY;

o 3MEHILIEHHS JIOKAJIbHUX 30H MEPETPIBY Ta 3aCTOI0 OXOJIOIKYIOUOi P1IUHU;

o MO>KJIMBICTh BUKOPUCTaHHS TPYO MEHIIOro aiamMeTpa mpu 30epexkeHH1
TEIJIOBOI MOTYKHOCTI anapara;

o MIJBUILEHHS €HEProeEeKTUBHOCTI YCTAHOBKM Ta 3HUKEHHS BHTpAT
OXOJIOJIKYIOUOT'O CepeIOBHILIA.

Cepen HeTOMIKIB CH1J] 3a3HAYUTH:

o KOIIITOBHE Ta TEXHOJIOTIYHO YCKJIaJTHCHE BUTOTOBJICHHS TPYO;
o HEOOX1THICTh TOYHOTO T1APABIIYHOTO PO3PAXYHKY;
o CKJIQJHICTh OOCIYTOBYBaHHSI MPU OYHUIIEHHI BHYTPIIIHIX KaHAIIB TPYO

[2].
Cnucoxk Jgireparypu
1)  Jasinski P. B. Numerical investigation of thermo-flow characteristics of
tubes with transverse micro-fins / P. B. Jasinski // Energies. — 2024. — Vol. 17, Issue
3, Art. 714. — DOI:10.3390/en17030714
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UDC 664.8.047
ULTRASOUND INTENSIFICATION OF THE DRYING PROCESS OF
CAROTENE-CONTAINING RAW MATERIALS
PhD, Associate Professor Oleh Novokhat, postgraduate student Yuliia Zloba
National Technical University of Ukraine
“Thor Sikorsky Kyiv Polytechnic Institute”

Abstract: The paper considers the drying of carotene-containing plant
materials and the challenges of preserving carotenoids during thermal processing. It
Is shown that ultrasound application enhances the drying process by increasing the
effective diffusion coefficient, reducing processing time, and lowering energy
consumption. The use of combined drying methods is substantiated as a promising
approach for improving product quality preservation.

KEYWORDS: CAROTENOIDS; B-CAROTENE; ULTRASOUND;
DRYING; MASS TRANSFER; DIFFUSION; ENERGY CONSUMPTION,;
PROCESS INTENSIFICATION; CAROTENE-CONTAINING RAW MATERIALS

YIBTPA3ZBYKOBA IHTEHCU®IKAIIA NTPOLHECY CYHIIHHA
KAPOTUHOBMICHOI CUPOBUHU
K.1.H., monienT HoBoxat O.A., acnipantka 3no006a FO0.A.
HartionanpHuit TEXHIYHUN YHIBEPCUTET YKpaiHU
“KuiBchkuil nomiTexHiyHuii iIHCTUTYT iMeHl1 [ropst Cikopcbkoro™
AHoTalist: YV pobomi poszensinymo ocooau8ocmi CYUWiHHA KaApOMUHOBMICHOL
POCIUHHOI CUPOBUHU MA NPOONeMU 30epedCenHsl KapoOmuHoioie nio uac mepmiuHoi
0opooku. Illokazano, wo 3acmocysanus yabmpazeyKy O00380JA€ IHMEHCUDIKysamu
npoyec CYWIHHA 3ad PAxXyHOK NiOBUWeHHs egekmusrnoco Koeiyicuma ougys3ii,
CKOPOYEHHsT MPUBAIOCMI npoyecy ma 3HudceHHs enepcosumpam. OOIpYHMOBAHO
O0OYIbHICMb BUKOPUCMAHHA KOMOIHOBAHUX MeMmMOOi8 CYWIHHA Ol MAKCUMANbHO2O

30epedicenHs AKOCMI NPOOYKMY.
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CVYIIIHHA, MACOIIEPEHOC; JNOY 34, EHEPI'OBUTPATU;
IHTEHCU®IKALA [TPOLECY; KAPOTMHOBMICHA CMPOBHHA.

Carotene-containing plant raw materials (carrots, pumpkins, tomatoes, apricots,
etc.) are an important source of carotenoids, in particular -carotene, a provitamin A
and a powerful antioxidant [1; 2]. High humidity and limited shelf life of such raw
materials necessitate its preservation, among which drying occupies a leading place
[3-5] .

However, carotenoids are thermolabile compounds that are sensitive to
temperature, oxygen, and light, leading to their degradation during drying [9; 10; 13].
Traditional convective drying is characterized by a significant duration of the process
and high energy costs, which negatively affects the quality of the product [3; 4; 15].
Therefore, it is relevant to search for ways to intensify drying without increasing the
temperature load.

A promising direction is the use of ultrasound as a tool for intensifying mass
transfer [11 — 14].

Analysis of modern research. Modern studies of drying carotene-containing raw
materials are aimed at solving two key problems: reducing the duration of the process
and preserving biologically active substances [9; 10].

Comparative analysis shows that vacuum and microwave methods provide
better product quality, but are complex and energy-intensive [9; 16]. Convective
drying remains the most common, but is accompanied by significant losses of
carotenoids due to prolonged heat exposure [3; 4; 15].

Ultrasound is considered as an effective means of intensification, the action of
which is associated with cavitation, microjets and the "spongy effect”, which
contributes to the opening of the cellular structure and acceleration of moisture

transport [11-14].
80



36ipuuk Te3 gonosineir XXXVIII Beceykpainchbkoi HAayKkoBo-IpakTH4YHOI KOH(epeHii cTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepianiB”

Studies show that the use of ultrasound can increase the drying rate in general up
t0140% and improve the preservation of color and carotenoids [11; 12; 16].
The drying process is described by the heat and mass transfer equations. Taking

Into account the ultrasonic effect, the heat balance equation has the form:

or ow
pe o = AVT —pty | —— | +0us

where g, is an additional source of heat from ultrasound [11; 14].

Mass transfer is described by the diffusion equation:

ow
E =V- (De fVW)

Effective diffusion coefficient taking into account ultrasound:
Desr = Do(1+ kplys)
The growth D, indicates the intensification of internal mass transfer [11; 13; 14].

For a thin layer, the change in humidity is described:

8 2D, ¢ fT
_ fr
MR = —exp(—
w2 P 4]2
The intensity of the process is characterized by the Fourier number:
D,reT

Fo = T

L2

An increase Fo means an acceleration of drying [2; 10; 11].
Drying kinetics are often described by Page's model:
MR = exp(—kt")

where the k coefficient increases with the use of ultrasound [11; 14; 16].

Reducing the drying time leads to a decrease in heat load, which contributes to
the preservation of B-carotene. According to experimental data, its preservation can
reach 96-98 % [13].

Energy consumption is an important indicator of drying efficiency. It was found
that freeze-drying: 7-10 kWh/kg [9; 16], vacuum: 3-5 kWh/kg [9; 11], convective: 2—
3 kWh/kg [3; 4], ultrasonic: 1.8-2.5 kWh/kg [11; 13; 16].
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Total energy expenditure:

Qtﬂt = QCOHU + QH.S

QH.S = FH.ST
_ Qeot
q m,

Reducing the T drying time ensures a reduction in energy consumption [11; 14; 16].
Ultrasound causes cavitation phenomena that lead to the destruction of cell
walls; formation of microchannels; increased membrane permeability; reduction of
diffusion resistance [11; 14].
This forms a "spongy effect” that intensifies mass transfer. At the same time,
excessive intensity can cause degradation of carotenoids, so optimization of regimens

Is necessary [11; 14; 16].

Conclusions

Traditional drying methods do not ensure proper preservation of carotenoids, so
they need to be improved. The use of ultrasound is an effective approach to
intensifying the drying process, as it allows you to accelerate the removal of moisture
without a significant increase in temperature. This is achieved by increasing the
effective diffusion coefficient in the material. As a result of the use of ultrasound, the
duration of the process is reduced and energy costs are reduced. The most promising
direction is the use of combined drying methods, which provide better preservation of

the quality of carotene-containing raw materials.
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Abstract: The main design features of tubular heaters are considered. The
principle of operation of the radiation and convection sections is described. The
advantages and disadvantages of this equipment are analyzed.

KEYWORDS: TUBE FURNACES; FIRED HEATERS; FURNACE DESIGN;
RADIATION SECTION; CONVECTION SECTION; HEAT TRANSFER.
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Crynent Anapiit Kopcak, K.T.H., 1o11. Auapiit CtenaHiok

HanioHanbHUil TeXHiYHUI YHiBepCUTET YKpaiHu
“KuiBcbKui noJriTexHiyHui iHcTutyT iMeHi Irops Cikopcbkoro”

AHoTauisi: Po3ensanymo OCHO8HI KOHCMPYKMUGBHI 0COOAU8OCMI mpyouacmux
obiepisauie. Onucano npunyun pobomu paodiayiiHoi ma KOHBEKYIUHOI CeKyYill.
lIpoananizosano nepesacu ma HedoNiKU Yb020 0OIAOHAHHL.

KJIIOYOBI CJIOBA: TPYBYACTI IIEYI; TPYBYACTI HATPIBAUI;
KOHCTPVYKIIISI IIEYEM; PAJIALIMHA CEKI[ISI; KOHBEKIINHA CEKII;
TEIIJIOOBMIH.

Tubular fired heaters are widely used in oil refining, petrochemical, and
chemical production for heating liquid or gaseous process streams to high
temperatures. In such units, the product flows through a tubular coil, while heat is
supplied externally by fuel combustion. The general requirements for fired heaters, air
preheaters, fans, and burners used in refinery service are specified in API STD 560 [1].

The heated medium enters the furnace coil and passes first through the

convection section and then through the radiation section, or through the sections
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according to the selected process arrangement. In the radiant chamber, the main share
of heat is transferred by radiation from the flame and hot refractory surfaces. In the
convection section, the heat of the flue gases is additionally utilized before they leave
through the stack. This combination makes it possible to provide intensive and

controlled heat transfer without direct contact between the product and the combustion

gases.
o B ™~ ! ! lxl :
| i)

Type A Type B Type C

box heater arbor coil cylindrical helical coil cabin heater horizontal
coil
1 ‘ i | 4

Type E Type F Type D

ylindrical vertical coil box heater horizontal coil ~ box heater vertical coil

Figure 1 - Main layouts of tube furnaces

Tube furnaces do not have a single universal design, because their configuration

depends on capacity, temperature conditions, fuel type, coil arrangement, and the
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method of flue-gas discharge. To compare the main layout options, typical design
schemes of tube furnaces are shown below in Figure 1.

Type A is a box heater with an arbor coil. Types B and E are cylindrical designs,
with a helical coil and a vertical coil, respectively. Type C is a cabin heater with
horizontal tubes. Types D and F are box-type arrangements with vertical or horizontal
tube placement. Horizontal coils are more convenient for draining and cleaning;
cylindrical designs are more compact; and vertical tubes provide a denser arrangement
of the heating surface. Such designs are considered through a set of features: furnace
shape, arrangement of tubes in the radiant and convection sections, location of the
convection chamber, fuel-firing method, number of radiant chambers, tube length, type
of refractory lining, and burner type [1...5].

The main structural elements of a tubular fired heater are the combustion
chamber, burners, radiant coil, convection coil, refractory lining, casing, stack,
supports, access doors, measuring instruments, and automatic control system. The
tubular coil is the key working element because it separates the process medium from
the flame and transfers heat through the tube wall.

Advantages:

- Continuous heating of the process stream, which is important for high-capacity
chemical and oil-refining units;

- The ability to achieve high product temperatures with precise control of the
combustion mode;

- No direct contact between the heated product and combustion gases, which
reduces the risk of product contamination;

- A large heat-transfer surface due to the developed tubular coil;

- Combination of radiant and convective heat transfer within one unit;

- Compatibility with automation systems for controlling fuel flow, air supply,
temperature, and pressure.

Disadvantages:
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- High fuel consumption, especially when the heat of outgoing flue gases is
insufficiently recovered;

- Risk of local tube overheating due to non-uniform heat flux in the radiant
chamber;

- Formation of coke deposits or scale on the inner tube surface, which worsens
heat transfer and increases hydraulic resistance;

- High cost of heat-resistant steels, refractory lining, and inspection systems;

- The need for thorough cleaning, maintenance, and monitoring of tube-wall
temperature;

- Emissions of nitrogen oxides and carbon dioxide during fuel combustion.
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ANNOTATION: This study addresses the imperative of developing energy-
efficient drying technologies within Ukraine’s sustainable development framework,
focusing on hot-air drying as a critical stage in plant raw material processing.
Recognizing the high energy consumption associated with drying processes —
accounting for up to 20% of total industrial energy use — research endeavors aimed at
optimizing drying regimes for thermolabile materials such as apples and peppermint.
The findings demonstrate the feasibility of utilizing low-grade waste heat via heat
pump technology for sustainable, energy-saving drying solutions, contributing to
Ukraine’s broader goals of food preservation, energy security, and technological
innovation in food processing.
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THERMOLABILE RAW MATERIALS, APPLES, PEPPERMINT.
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AHOTAUIA: V  pobomi  pozensoaemvcsi  HeobOXiOHicmb — po3poOKuU
eHepeoeheKmMUBHUX MeXHONI02IU CYWIHHA 6 pPAMKAX KOHYEenyii cmano2o po36UmKy
Ykpainu, npu yvomy ocnosna yeaza npuoinsicmovcs CYWIHHIO HASPIMUM NOBIMPAM K
KIIOY08OMY emany nepepooKu pPOCIUHHOI cuposunu. 3 02150y HA  BUCOKe
EHepPeOCNOJCUBAHHS, NO8 S3aHe 3 npoyecamu Cyulinus, ake cmanosums 0o 20 % 6i0
3aeanvbHo20  00cA2y  eHepeOCHONCUBAHHA — NPOMUCIOB0CMI,  0OY10  NPOBeOeHO
O00CNIOJCEHHS, CHPAMOBAHI HA ONMUMIBAYII0 PEHCUMIE CYUIHHSA MePpMONAOINbHUX
mamepianie, makux AK A0Ayka ma m’sama nepyesa. Ompumani pe3yiomamu
0eMOHCMPYIOMb  OOYINbHICMb — BUKOPUCMAHHS — HU3LKOMEMNEPAMYPHO20 — mena
BIONPAYbLOBAHO20 MENIOHOCIA 3d O00NOMO20I0 MEXHON02li MENI08UX HAcoCi8 O
CMBOPEHHs. CMIUKUX eHepeo3bepicaouux piuienb y cgepi CYWliHHA, WO Chnpuse
00CsicHeHHI0  Oinbul  wWUpoKux yineti Ykpainu wooo 30epediceHHs npooyKmis
XapuyeanHs, eHepeemuyHoi Oe3neku ma MeXHON0IYHUX [HHOBAYIL ) Xap4dosill
NPOMUCTIOBOCTII.

KJIFOYOBI CJIOBA: CYIIIHHA, TEIUIOBUI HACOC,
EHEPI'OE®EKTHUBHICTDb, TEPMOJIABIVIbHA CUPOBUHA, ABJIVKA, M’ATA
ITEPLIEBA.

Ukraine, as a member of the UN, has joined the global process of ensuring
sustainable development by defining national the Sustainable Development Goals
(SDGs), which serve as a basis for integrating efforts aimed at ensuring economic
growth, social justice, and rational use of natural resources. One of the SDGs targets is
to ensure the creation of resilient food production systems, primarily through the use of
innovative production technologies developed on the basis of increasing their energy
efficiency. Under current conditions, ensuring the availability of balanced nutrition for
the population of Ukraine at the level of scientifically substantiated norms is a priority
of state policy [1].
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One of the main technological processes in the food and processing industry is
hot-air drying, during which excess moisture is removed from the material to a level
safe for storage. In the dried product, microbial spoilage is stopped and enzymatic
activity is minimized, which prolongs shelf life. However, drying is an energy-
intensive industrial process, accounting for 12 to 20% of total industrial energy
consumption in developed countries. To achieve the SDGs, it is important to build the
country’s energy security, which in particular involves the implementation of
programs and measures to improve energy saving and energy efficiency in economic
sectors.

Considering that hot-air drying is an important stage from the standpoint of
preserving the properties and chemical composition of raw materials and energy
consumption, for the development of sustainable technologies of plant raw material
processing, studies of raw material dehydration aimed at increasing the energy
efficiency of the process and ensuring the production of high-quality products
constitute a relevant scientific and technical task.

To determine the regularities of the drying process of thermolabile materials and
to develop energy-efficient dehydration regimes, fruits (apples) and aromatic herbs
(peppermint) were chosen as research objects. Since prolonged thermal exposure has a
negative effect on the quality of the final product, when developing dehydration regimes
for fruits and aromatic herbs, the main emphasis should be placed on using low
temperatures and reducing process duration. To preserve valuable biologically active
substances, drying must be carried out at temperatures not exceeding 40 °C for aromatic
herbs and 60 °C for fruits.

When studying the technological properties of materials, an important role is
played by the analysis of adsorption isotherms, which represent a functional relationship
between the relative humidity of air and the equilibrium moisture content of the material
at constant temperature and pressure. Based on experimentally obtained water vapor

adsorption isotherms for the materials under study, equilibrium moisture content values
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were determined in the temperature range of 30...60 °C. This made it possible to
establish the relationship between the heat-moisture parameters of the drying agent and
the material being dried in the course of drying, as well as to obtain the dependence of
the partial water vapor pressure at the material surface on moisture content and
temperature p,, = f(u, t) in the range u = 0,04...0,9 kg/kg dry matter and t = 30...60 °C.

The most noticeable influence of the moisture content of the drying agent on the
process duration is observed during low-temperature drying: low dehydration intensity
and dependence of dryer performance on the heat-moisture parameters of atmospheric
air. Analysis of the dependences of the partial water vapor pressure at the material
surface p, for the studied materials showed that as the surface moisture content
decreases, the driving force of mass transfer — the mass transfer driving potential Ap =
P — Pe.a.-

The only way to intensify the low-temperature drying process is to increase the
mass transfer driving potential Ap by forced dehumidification of the drying agent. To
maintain the required value of the mass transfer driving potential, it is advisable to carry
out drying under regimes with a variable degree of drying agent dehumidification. At
the first stage of drying, a relatively low degree of dehumidification is sufficient. At the
second stage, as the partial pressure of water vapor above the material decreases, the
degree of dehumidification is correspondingly increased. At the final drying stage, the
main factor determining energy consumption is process duration, therefore, to increase
the drying rate, it is necessary to maximize the degree of drying agent dehumidification.

In study, to determine energy-optimal indicators of the drying process using a heat
pump cycle, an algorithm was developed for calculating the dehydration process of the
heat carrier in the hcd diagram [2]. Based on the calculated specific energy consumption
at different drying temperatures and degrees of heat carrier dehumidification (Fig. 1), the
optimal heat-moisture parameters of the heat carrier were determined and regimes were
developed that ensure intensification of mass transfer and minimal energy consumption

throughout the entire drying process (Table 1).
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Exhaust moist air leaving the dryer is an ideal source of low-grade energy for
the heat pump of a condensation dryer. Integration of the heat pump into the dryer
cycle makes it possible to implement the developed drying regimes for apples and

peppermint.

e 13=70) °C

19 4 -
i —y—ta=03

n
g LY e 12 =06 ()

O P

z 0.8 4 < - —C—ta=5 5
~ 06 - o' e ; %
& 06 —=1a=30
— e 13=4 5

0 2 - 6 8 10 12 14 16 18 20 22
d, g/kg dry air
Fig. 1. Effect of drying temperature on the energy consumption

of the moisture removal process [2]

Table 1
Drying regimes for apples and peppermint at drying agent temperatures

of 50 °C and 40 °C, respectively

Degree of drying agent d, g/kg dry |Ap, mm Hg (apple
Stage g | y g_ g g _g y Ap g (app 0, kKWhikg
dehumidification air / mint)
I Low degree of dehumidification 20...25 58...63/25...30 0,4...0,6

Increased degree of
I T 15...20 45...54/20...25 | 0,6...1,0
dehumidification

Maximum possible degree of
Il S <15 33...42/12 mo0 1,5
dehumidification

The possibility of forced air dehumidification in the evaporator of the heat pump
makes it possible to create the required heat-moisture parameters of the drying agent
regardless of ambient conditions. This ability of the heat pump to reduce the moisture
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content of the drying agent during low-temperature drying promotes the intensification
of moisture removal by increasing the mass transfer driving force between the heat
carrier and the material. The moisture removed from the material is not discharged into
the environment with the drying agent but condenses on the cold surface of the heat
pump evaporator, with the condensation heat being recovered and returned to the
process at a higher temperature level. This makes it possible to reduce the specific
energy consumption for dehydration by a factor of 2...3 compared with conventional

convective drying, thereby increasing its energy efficiency.
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ANALYSIS OF INNOVATIVE FERMENTER DESIGNS FOR
MICROBIOLOGICAL SYNTHESIS
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2 Institute of Engineering Thermophysics of the NAS of Ukraine

ANNOTATION: To substantiate the selection of a fermenter design for the
cultivation of baker’s yeast and its modernization, scientific and technical sources and
patents from various countries over the past year were reviewed and analyzed. The
operating principles of the equipment were examined, along with their advantages and
disadvantages. Based on the analysis of the reviewed literature, ideas for fermenter
modernization were proposed.

KEYWORDS: FERMENTER, AGITATION DEVICE, MODERNIZATION,
BREAD YEAST.

AHAJII3 IHHOBAIIIMHUX KOHCTPYKIIN ®EPMEHTEPIB 1151
MIKPOBIOJIOTTYHOI'O CUHTE3Y
k.T.H. I'ycaposa O.B. 12, c1. Kononenko M.C. !, k.1.1. laxuenko B.JI. 2
LHTVY «KuiBcbkuii momitexHiuamii incTuTyT iMeHi Irops CikopcbKkoro»

2 IHCTHTYT TexHiuHOi Temnodisuku HamionansHoi akagemii Hayk YKpainu

AHOTAIISA: 3 memoro obrpynmysants eubopy KoHcmpyKkyii hepmenmepa Ot
KYIbMUBYBAHHS XNIO0NEKAPCOKUX OPIAHCONCI8 MA 1020 MOOepHI3ayil 0Y10 PO32IAHYMO
ma npoananizo8aHo HAYKOGO-MEXHIUHI Odcepena ma namenmu pIi3HUX Kpaid 3a
ocmanHiu pix. byno npoananizosano npunyun 0ii anapamis, HasedeHo ix nepesacu ma
Heooniku. Ha ocuosi ananizy poszenadysanoi nimepamypu 3anponoHo8aHo ioei

MoOepHizayii pepmenmepa.
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KJIOUOBI CJIOBA: ®OEPMEHTEP, IIEPEMIIIYIOUUI ITPUCTPIN,
MOJJEPHI3ALIS, XJIIBOITIEKAPCBHKI TP IXKI.

Introduction: Baker’s yeast represents specially selected and purified cultures
of microorganisms, predominantly Saccharomyces cerevisiae, capable of carrying out
alcoholic fermentation. In the course of their metabolic processes, they convert sugars
into carbon dioxide and ethanol, which ensures dough leavening, the formation of its
porous structure, and the development of characteristic flavor and aroma properties.

One of the key units in baker’s yeast production is the fermenter. It is designed
for intensive cultivation of microorganisms and biomass accumulation under strict
control of technological parameters. Within this apparatus, continuous mixing and
deep aeration of the nutrient medium are performed, supplying yeast cells with oxygen
required for respiration and active reproduction. In addition, the fermenter design
enables efficient removal of metabolic heat, maintenance of a stable temperature and
the required pH, and uniform distribution of nutrients (molasses, salts), which is
critical for achieving maximum yield and high product quality.

Description of the fermenter design and its operating principle

The fermenter is intended for first-stage yeast cultivation. Figure 1 shows a
schematic diagram of the apparatus.

The unit consists of a cylindrical shell (1), to which the top cover (2) and bottom
(3) are welded. The cover is equipped with an agitator drive (5), a nozzle for molasses
supply (10), and a manhole (9) for cleaning. A paddle agitator (4), which mixes the
vessel contents, is located in the lower part of the apparatus; a sparger (8) is also
installed there. To maintain a constant temperature, an external jacket (6) filled with
water is provided. Nozzles (11) and (12) are welded to the jacket for water inlet and
outlet, respectively. The fermenter is mounted on a cylindrical support skirt (13). A
nozzle (14) is provided for discharge of the medium [1].
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For the purpose of apparatus modernization, patents related to the improvement

of internal fermenter components - particularly mixing devices and heat exchange

systems - are considered.
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1 —shell; 2 — cover; 3 — bottom; 4 — paddle agitator; 5 — drive; 6 — jacket; 7 — air inlet
nozzle; 8 — sparger; 9 — cleaning manhole; 10 — molasses inlet nozzle; 11 — water inlet
nozzle; 12 — water outlet nozzle; 13 — support; 14 — discharge nozzle.

Figure 1 — Fermenter schematic

Analysis of these technical solutions makes it possible to identify the most

efficient designs for intensifying mass transfer, improving aeration conditions of the
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nutrient medium, and ensuring stable removal of biological heat, which forms the basis
for proposing further modernization concepts.

Patent analysis. Patent [2] describes a cultivation vessel for the expanded
growth of microorganisms, used at the culture scale-up stage prior to industrial
fermentation (Figure 2). The main objective of the design is to ensure uniform mixing
of the culture liquid and nutrient medium while reducing shear stresses that may

damage cells or mycelium.

1 —vessel; 2 — sealed cover; 3 — first mixing rods; 4 — second mixing rods; 5 —
drive shaft.

Figure 2 — Cultivation vessel for microorganism growth

The main advantages of the apparatus include uniform distribution of nutrients
throughout the culture volume due to a multi-tier mixing system; prevention of biofilm
formation and biomass adhesion; and reduction of foaming without the use of
additional reagents. However, the apparatus also has certain drawbacks. A large
number of gear transmissions increases design complexity, complicates maintenance,
raises manufacturing cost, and makes sterilization more difficult.

Patent [3] describes a fermentation apparatus intended for the treatment of
tobacco raw material using an enzyme solution (Figure 3). The design includes a
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fermentation vessel consisting of inner and outer shells. The unit is also equipped with
a mixing mechanism to ensure uniform contact between the enzyme solution and the
tobacco material, as well as a discharge channel for removing liquid after fermentation.
The aim of the invention is to increase the efficiency of the fermentation treatment by
ensuring uniform contact with the enzyme solution and improving liquid removal.

frr?

frrn)
4

e —— J

1 — fermentation vessel; 105 — control panel; 106 — discharge pipe;
107 — drain valve; 108 — support leg; 2 — top cover; 3 — lifting mechanism; 302 —
lifting groove; 303 — lifting motor; 306 — ring frame; 308 — threaded ring; 501 —
mixing motor

Figure 3 — Fermentation apparatus for tobacco processing

The advantages of this design include maintaining a uniform temperature regime
during fermentation, improved processing of tobacco raw material, and a simplified
loading and unloading process. The disadvantages include an increased number of
mechanical components, which complicates the design, manufacturing, and operation
of the apparatus. In addition, continuous monitoring of the tightness of the heating
system is required.

Authors [4] propose a fermentation unit with a circulation filtration system
(Figure 4), consisting of a fermenter, a mixing unit, and a filtration module. The
fermenter is equipped with pipelines for withdrawing the medium and returning it after
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purification. The purpose of the invention is to improve the efficiency of the
fermentation process by providing continuous circulation filtration of the medium with
simultaneous cleaning and its return to the fermenter.

The advantages of the system include automatic cleaning of the filtration
element without operator involvement, compact design due to the integration of

mixing, gas regime control, and circulation, as well as improved filtration quality.

200

00— I &

100 — fermentation vessel; 200 — mixing unit; 300 — filtration unit

Figure 4 — Fermentation unit with circulation filtration system

However, a large number of moving elements increases manufacturing cost,
operational and maintenance complexity, while the increased number of pumps and
drives leads to higher energy consumption. Additionally, increased wear of scrapers in
the casing may occur.

Based on the patent analysis, a modernization of the fermenter is proposed,
which involves combining two devices - the paddle agitator and the sparger - into a

single unit, thereby simplifying the design, installation, and maintenance (Figure 5).
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Air is supplied into the hollow shaft (1). During rotation of the shaft, the air
exiting through the openings of the sparger (4) immediately enters the mixing zone
created by the blade edges (3). This results in intensive dispersion of the gas phase into
fine bubbles, increasing the interfacial contact area and the rate of oxygen mass

transfer into the culture liquid.

N

(11

i

s/

T {73

1 — hollow shaft; 2 — hub; 3 — two-blade agitator; 4 — sparger.

Figure 5 — Modernization scheme

Conclusions. The patent review has shown that the main direction of
improvement of modern fermentation equipment is the intensification of mass transfer,
enhancement of mixing and filtration quality. At the same time, proposed designs tend
to integrate multiple functions within a single apparatus, which increases structural
complexity, cost, and operational difficulty.

The proposed modernization is a justified and promising engineering solution.
Integration of the sparger directly into the agitator structure intensifies mass transfer
processes and increases oxygen utilization efficiency, which reduces specific energy
consumption and makes such an apparatus economically and technologically feasible
for industrial cultivation of baker’s yeast.
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VJIK 66.048.3

MOJEPHI3ALIS PEKTUPIKAIIAHOI KOJIOHU YCTAHOBKHA
BUPOBHUILITBA XAPYOBOI'O CIIUPTY

ctyaeHt Bennuko T. /1., acuctent Kocenko B.B.
HarionansHuil TEXHIYHUN YHIBEPCUTET YKpaiHu
“ KuiBcbkuil momitexHiyHuid iHCTUTYT iMeHi Iropst Cikopcpkoro

AHOTAIIA: B paniii po6oTi JOCHIPKEHO Ta MPOAHATI30BaHO MATEHT IO
MOJIEpHI3y€ KOBINAYOK a TAaKOXK BHUSBIICHO IE€pEBard Ta HEMONIKA KOHCTPYKII Ta
3aIpPONOHOBAHO BJIACHUH BaplaHT 1110 YaCTKOBO HIBEIIOE HEJIOIIKU MONEPETHBOTO.

KJIIOYOBI CJIOBA: KOBITAYOK, TAPIIKA, PEKTHU®IKAIIIMHA
KOJIOHA, MACOOBMIH, TEITJIOOBMIH.

VY pekTudikaiiHux KOJIOHAX Iap NpOoXoJad4u Bropy 0apOoTye yepe3 miap
PIIVHU 31ACHIOIOYH TEIUIO Ta MAaCOOOMIH. Y KOBIMAYKOBUX PEKTH(IKAIINHIUX KOJIOHAX
1€ BIIOYBAETHCS Yepe3 KOBMNAYKM, BIJ HUX 3AJICKUTh T€ HACKUIBKU PIBHOMIPHO Tra3
Oyne moTparuisiTd Ta sK Oy/e B3aeMOIISTH 3 piikoro ¢azoro. Tomy TOCHiIKEHHS
dbopMu Ta po3MipiB KOBNAYKa € aKTyaJbHUMH, aJ[)K€ BOHU CUJILHO BIUIMBAIOTH Ha

MpoILIEC PO3AUICHHS CyMIIIEH y peKTH(IKALIIHINA KOJIOHI.

Pucynox 1 — KoncTpykiris koBrauykoBoi Tapiyiku 3a mateatom US3794305 [1]
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Y 3anpomnoHoBaHil KOHCTpyKWii (puc. 1) OTBip y Tapiili Ma€ CHEIalbHO
BIIITHYTY J0ropu TmiepudepiiiHy KpalKy, sika YTBOPIOE€ HaNpsSMHUN KaHal MIK
MOJIOTHOM TapiIKu Ta HIDKHHOIO YaCTHMHOKO KoBmauka. OCHOBHA iesi MOjAepHi3allii
MOJIATA€E B TOMY, IO 3MiHA (DOPMU MOCATOUYHOTO OTBOPY JI03BOJIIE€ YCYHYTH JIOKAIbHI
30HUA HEPIBHOMIPHOTO MPOXOHKEHHS Mapy Ta 3MEHILIWTU BTPAaTH THCKY HA Tapiimi. Y
pe3ynbTaTi 3HUKYETHCS WMOBIPHICTH YTBOPEHHS 3aCTIMHMX MIJISHOK —PIAMHH,
3MEHIIYEThCS OpPHU3KOBHMHOC 1 MIABUIIYEThCA CTAOUIBHICT POOOTH KOJIOHU TIPH
3MIHHUX pEXHUMax HaBaHTaXeHHS. OcCOONMBICTIO I[bOTO pIINICHHS € Te, IO
BJIOCKOHAJIEHHS JJOCSTAEThCS 0€3 CYTTEBOI 3MIHU BCIET KOHCTPYKIII TAPUIKH, OCKIIBKA
3MIHIOETKCS JIUIIE (hopMa OTBOPY Ta CHOCIO Mmocaaku KoBHauka. [1]

IlepeBaru KOHCTPYKIIII:

. 3MEHIIICHHs] OpPU3KOBUHOCY PIAVMHU Ha BEPXHI TapiIKU;
. H1IBHUINCHHS €(DEKTHUBHOCTI MacOOOMIHY;
. 3HUKEHHS JIOKAJIbHOTO T1JIPaBIIIYHOIO OIMOPY;

Hepnosiku KOHCTpYKUii:

. CKJIQJHIIIIE BUTOTOBJICHHSI 4Ye€pe3 HEOOXINHICTh (POpMyBaHHS BIJITHYTOI
KpauKu;

. 1JIBUIIIEHHS BAPTOCTI BUPOOHUIITBA;

MopepHnizaris:

dopMyBaHHA BIAITHYTOT KpalKK Ha Tapuiili X04 1 J1a€ O1IbII pIBHOMIPHUN MOTIK
razy mpoTe moTtpedye CKIagHUX OIepaliil Ta MiABUILYE BapTICTb BUTOTOBJICHHS.
[Ipore KOBMAYOK TapiIKK Ma€ CBOI TEBHI IMepeBard IO 1 MOCIYTYBAIW 17CEr0

MOJIepHIi3aIlii.
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Pucynoxk 2 — 3arnponoHoBaHuii BapiaHT MOJIEpHi3allli KOBMA4Ka 3 BIIITHYTOO
KPaMKOIO

VY npomy BapiaHTi (pucC. 2) HUXKHS YaCTHMHA KOBIIauKa BIAITHYTa B CTOPOHY, 110
O3HAYae MI0 ra3 KU BUXOJUTHUME 3 IT1J] KOBMayKka Oyje MEHIIe TePTUCS 00 KOBIIaYyOK
MIJHIMAIOYHUCh Bropy, sIK L€ BiAOYBaeTbCAd Y 3BUYAIHOMY BEPTUKAIbHOMY KOBIAUKY,
10 O3Hayae 110 ra3opa ¢aza Oyae MaTh OUTBITY IUIONLY KOHTAKTY 3 piIKO0 (ha3010 110
y CBOIO Yepry MOKPaIIUuTh TEIUIO Ta MAaCOOOMIH.

IlepeBarn KOHCTPYKIIii:

. I1IBUIIICHHS €(PEKTUBHOCTI MacOOOMIHY;

Hepnosikn KOHCTpPYKILii:

. CKJIAQJIHIIIIE BUTOTOBJICHHS

. IT1IBUITIICHHS BApTOCTI BUPOOHHUIITBA;

Buxopucrani xxepesa:

1. Patent US3794305. URL: https://www.freepatentsonline.com/3794305.html

2. lwrankos I1.C., [urankos C.I1. PykoBoacTBO 1Mo pekTH(UKAIIUN CIHPTA.
[Mumenpomuzaat, 2001. — 400 c.

3. Texnonorisa cnupty. B.O.Mapunuenko, B.A.[domapenwkuii, ILJILIusH,
B.M.Ieens, I1.C.IHurankos, I.J.)Komuep. /Ilix pex. mpod. B.O.Mapunuenka. —
Binuuus: “Tloaumia-2000, 2003. — 496 c.

106


https://www.freepatentsonline.com/3794305.html

36ipuuk Te3 gonosineir XXXVIII Beceykpainchbkoi HAayKkoBo-IpakTH4YHOI KOH(epeHii cTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepianiB”
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MODERNIZATION OF A DRUM DRYER FOR A COKE PRODUCTION
PLANT
student Stepura H.A., associate professor,
candidate of technical sciences Stepaniuk A.R.
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute

ANNOTATION: This paper describes the advantages and disadvantages of
a drum dryer and the directions for improving the performance of the drum dryer.
The proposed modernization of the drum dryer is described.

KEYWORDS: CHEMICAL INDUSTRY, DRUM DRYER, DRYING,
BUCKET, ELLIPTICAL HOLES.

MOJIEPHI3BALISA BAPABAHHOI CYILIAPKH JIJIS1 YCTAHOBKHA
BUPOBHHUIITBA KOKCY
cryaent Crenypa I'.A, noi., k.T.H. Ctenantok A.P.
HaunioHanbHUil TeXHIYHUI YHiBepcUTeT YKpaiHu

«KuiBcbKui moJiitexHiyHui iHcTUTYT iMeHi Irops Cikopcbkoro»

AHOTAIUSA: B oaniti pobomi Hasedeno onuc nepesaz I HeOONIKi8
bapabannoi cywapku Ha HanpsaMu NOKPAWEHHs npaye30amuocmi 0apabarHoi
cywapku. Onucano 3anponoHo8anoi MooepHisayii 6apabauHoi cyuapku.

KJIIOUOBI CJIOBA: XIMIYHA IIPOMUCIIOBICTh, BAPABAHHA
CVYIIAPKA, CYIIIHHA, JIOITATKA, EJITITUYHI OTBOPU

Petroleum coke (English refinery coke) is a solid porous substance from dark

gray to black in color, which is a product ofcoking (calcination) of heavy residuesoil. It
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IS used: in the production of anodes for aluminum smelting, special graphitized
electrodes for electrolytic steel production, etc. [1].

The raw material is fed into recuperative heat exchangers, and then enters the
rectification column [1]. From the bottom of the column, the bottom residues are
pumped into the furnace, heated and fed in pairs through distribution valves into the
columns (coke columns). While one pair of columns is being loaded, the process of
coke formation is underway in the second pair. Before unloading the coke, the
chambers are gradually cooled to the temperature, and the steam is returned back to the
rectification column. Then the coke is cut from the coke columns with water cutters
and sent to a centrifuge for initial degreasing. At the exit of the centrifuge, the coke
enters the drum dryer where the drying process takes place by countercurrent, a hot
heat agent is supplied to the drum dryer.

The principle of operation of the drum dryer is as follows: a cylindrical drum 1
Is supported by means of bands 2 on rollers 3. The drum is driven into rotation by
means of an electric motor, its position in the axial direction is fixed by thrust rollers 5.
The material is fed into the drum by a feeder 6, pre-dried, mixed by blades 7 of the
receiving screw nozzle, and then fed to the internal nozzle located along almost the
entire length of the drum. The nozzle ensures uniform distribution and good mixing of
the material along the cross section of the drum, as well as its close contact when
pouring with the heat agent. The dried material is removed from the chamber 10
through the unloading device 11, with the help of which the chamber 10 is sealed and
air from the outside is prevented from entering it [2].

The design diagram of the drum dryer is shown in Figure 1 [1].
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1 —drum; 2 — bands; 3 — support rollers; 4 — gears; 5 — support-thrust
rollers; 6 — feeder; 7 — blades; 8 — fan; 9 — cyclone; 10 — unloading chamber; 11
— unloading device.

Figure 1 — Design diagram of a drum dryer

The aim of the work is to modernize the drum dryer, which consists in making
elliptical holes on the blades for mixing the substance (Figure 2). The modernization is
aimed at increasing the drying efficiency by better mixing the starting substance.

The modernization is schematically depicted in Figure 3.
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Figure 2 — Blade with elliptical holes.

A-A

Figure 3 — Schematic representation of blade installation

This diagram shows how the blades are installed in a drum dryer. To improve
the drying process in a drum dryer, it was proposed to make elliptical holes in the
mixing blades. Since the starting material is coke, for more efficient drying, elliptical

holes were made on the blades so that during the rotation of the drum the particles
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were additionally crushed and poured out through these holes, also in section A-A it is
shown that the blades are installed at a small angle so that the drying process proceeds
evenly and qualitatively. Due to this improvement, the efficiency of the drying process

will increase.
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«KuiBcbkuii noJiitexHiynmii incruryT iMeni Irops Cikopcbkoro»

AHoTanis: Pozenanymo memoou ovuujeHHss npupooHUx 800 ma BANCIUBICL
MOOepHI3ayii anapamy 360pOMHO20 OCMOCY, HABEOEHO MEXHOJIO2IUHY CXeM) .

KJIIOYO0BI CJIOBA: OYMIIEHHA BOIM, BOJA, AITAPAT
3BOPOTHOI'O OCMOCY, OCBITJIFOBAUY.

Abstract: Methods of purifying natural waters and the importance of
modernizing the reverse osmosis apparatus are considered, and a technological
scheme is provided.

KEYWORDS: WATER TREATMENT, WATER, REVERSE OSMOSIS
APPARATUS, CLARIFIER.

VYcraHoBKa OYMINEHHSI MPUPOJHUX BOJ NPH3HAYEHA JIJII OTPUMAHHS MPICHOT
BOJIM 3 TIPUPOJTHHX JKEPEII, MUITIXOM BUAAICHHS COJICH, OpTaHIYHUX CIOJYK Ta 1HIIHAX
JoMimok [1].

CporojiHi, B yMOBax IMOCTIMHOTO 3pPOCTaHHs MOMyJsUii Ta Ae(iluTy BOAHHX
pecypciB, TIOMMAT HA YHCTY BOJY CTa€ KpUTUYHUM. [IpoTe SKICTh BOAM y TPHPOIHHUX
JoKepenax (MOBEPXHEBUX Ta IMIJ3€MHUX BOJIax) TOCTIMHO TMOTIPIIYETHCS, TaK SIK
B1JIXO/IU MMICJISI JTIFOJICHKOT JIISUTBHOCTI YaCTO CKUAAIOTHCS Ha3ajl y piuku, ozepa 1 . Lle
MPU3BOJUTH 10 HACUYCHHS MIPUPOTHUX JDKEPET HE JUIIC MEXaHIYHUMH JOMIIIKaMHU, a
f CKJIaJHUMHU PO3YMHEHUMH CITOJyKaMu Ta coyisiMu [1].

OuuieHHs BOJW/CTIYHMX BOJ MOAUIAEThCS Ha (Gi3uyHl  (CeauMeHTallls,

nerazaiis, GinpTpartis), Ximiuai (Quokymsiis, ae3iH(exIs, OCaIKEeHHs, 10HHUN
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oOMiH) Ta OiojoriuyHi MeTtoau (MeMOpaHHI TEXHOJOTii, aepoOHE Ta aHaepoOHE
OUMIIEHHS 32 JOMOMOI'OI0 aKTUBHOTO Myiy) [1]. OnuH 3 HAUMOMIUPEHIIINX METOIIB
MeMOpaHHUX TEXHOJIOTIM — 3BOPOTHHM OCMOC. 3BOPOTHHM OCMOC — II€ TIPOIEC, Y
AKOMY BoOJa Ta 3a0pyJHEHHS PO3AUIAIOTHCS IUISXOM MPOXOKEHHS 4Yepe3 TOHKY
HaIIBIPOHUKHY MeMOpaHy. MemOpaHa cTBOproe Oap'ep MiX MOJIEKyJIaMH BOJM Ta
XIMIYHUMH a00 MIKpOOHUMH 3a0pyTHEHHSIMH, OCKIIBKHA BHUCOKHM THUCK MPOIITOBXYE
BOAYy uepe3 MeMmOpaHy, 3anuiarouu 3a0pyaHeHHs [2]. OcCkinbkH €(QEeKTUBHICTh
MEMOpPaHHOTO PO3JAUICHHS KPUTHUYHO 3aJI€KUTh BiJl YUCTOTH BXIJHOTO TOTOKY,
nependavaeThCsl BUKOPUCTAHHS OCBITJIIOBaYa K By3ja MOMEPEIHbOI MIATOTOBKHU. [le
JI03BOJISIE TIOETHATH (PI3UKO-XIMIYHI TEpeBaru OCBITJICHHS (BUAAJICHHS KajJaMyTHOCTI
Ta 3BAXCHHX YAaCTOK) 13 BHCOKOIO CEJEKTHBHICTIO MEMOpaHHOTO amapara,
3a0e3neuyrour cTablIbHE OMPICHEHHS MPUPOJHUX BOJI, 10 3a3HAIH aHTPOMOTEHHOTO
BILIUBY.

B nmaniit poOOTI poO3risigacThCsl TEXHOJOTIYHA CXEMa OYMILNECHHS BOJH, IO
BKJIIOYA€ 3BOPOTHUM OCMOC Ta ocBiT/IOBad. Ha mepmioMmy erami CTiYHI BOJU
npoxoJaTh MexaHiyHy ouuctky (Grid/sand trap) anst BUgajneHHsS TBEPAUX YACTOK,
TICTISL YOTO CIPSIMOBYIOTHCSI Ha 010JI0T1YHY CTaJlil0 3 BUKOPUCTAHHSAM aKTUBHOTO MYy
(Conventional activated sludge process), 1e MiKpoOpraHi3Mu pO3IICTUIIOIOTH OpTraHiyH1
peuoBuHHU. [Iporiec 3aBepiryeTbcsi y BTOPpUHHOMY OCBiT/IOoBadi (Secondary clarifier),
B11I0YyBA€ETHCS PO3AUICHHS OYUIIEHOT BOAM Ta Myay. [lonepeaHbo ouuniieHa Bojaa e y
neomapoBuit  ¢unbTp (Dual media filter). Ile mo3Boasie miAroTyBat BOAY [0
HAaCTYyMHUX CTaJllid, € MOXYThb 3acTocoByBatHcs MmMeroan HaHodinbrpauii (NF) ado
ynbrpadinerpanii (UF) nns BumaneHHs IpiOHUX OpraHiyHUX Aomimok. DiHambHUM
eTarioM € BUKOpUCTaHHS 3BopoTHOro ocmocy (RO), nge mig TuckoM MemOpaHa
3aTpUMYy€E COJIl Ta MIKpO3aOpyaHIOBadi, 3a0e3Meuyrour OTPUMaHHS YUCTOI MPICHOT

BOJH.
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Pucynox 1. — TexHonoriyHa cxema mporiecy OYHIneHHs BOIU.[3]

Amapat 3BOPOTHOTO OCMOCY € KIFOYOBHM KOMITOHEHTOM Y TIPOLIECI OYHIIEHHS
Boau. Moro 3aBIaHHS NONSArae y INIMOOKOMY 3HECOJNCHHI IIUIAXOM BHKOPHUCTAHHS
HaIIBIPOHUKHOI MEMOpaHHU, sIKa MPOIMYCKA€E MOJEKYJIH BOAHU. Y PE3yNbTaTi MpoIecy
OTPUMYIOTH MPICHY BOJIY Ta KOHIIEHTPAT, IKUI YTUII3YETHCS.

MopepHizailisi amnapara 3BOPOTHOTO OCMOCY MOJKE BKJIIOYATH MiABUILCHHS
eHeproe(eKTUBHOCTI, 30UIbIIEHHS BUXOAY MPICHOI BOAM Ta 3MEHIIECHHS O0O0CITY
3a0pyaHeHHss MemOpaH (doyminry). Ile mo3BosuTh 3a0e3neyuTd  CcTaOUIbHE

BOJOIIOCTa4aHHA B YMOBAaX JKOPCTKUX €KOJIOTIYHUX BUMOT.
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MODERNIZATION OF THE DEPHLEGMATOR FOR PHENOL AND
ACETONE PRODUCTION
Student Shvedynskyi D. O., Senior Lecturer, PhD, Podyman H. S.
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: The paper examines directions for modernization of the
dephlegmator used in phenol and acetone production as a key apparatus of the
rectification unit. The constructive features of the shell-and-tube heat exchanger are
analyzed, along with its advantages and disadvantages. Improvements are proposed
through the use of segmented baffles that create a quasi-spiral flow, thereby

intensifying heat and mass transfer processes.
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BupoObHunTBO (eHosy Ta aleToHy KYMOJBHMM METOJIOM € OJHUM 13
CTpaTeriuHo BaXXJIIMBUX HAmpsMIB OpraHiyHoro cuHrtely. Ha cranii pekrtudikarii
IPOJYKTIB OKHUCHEHHS 130MponiaoeH3eHy (KyMojy) KIIYOBY pOJIb BIIrpae
aediermMaTop — amapaT 4YacTKOBOi KOHAEHcalii mapoBoi (a3u 3 MOBEpHEHHSIM
(bnerMu y BEpXHIO YacTUHY KOJOHU. EdekTuBHICTH HOro poboTH Oe3mocepeHbo
BIUIMBA€E Ha YHUCTOTY TOBapHUX (pakKiiiif, EHEprocroKMBaHHS YCTAHOBKU Ta
CTaOUIbHICTh TEXHOJIOTTYHOTO PEXKUMY.

Hednermatop y BUpOOHUIITBI (PEHOY Ta allE€TOHY, SIK MPAaBWIO, BUKOHYIOTh Y
BUTJISIZII BEPTUKAIBHOTO a00 TOPU3OHTAIBHOTO KOXKYXOTPYOHOTO TEIIOOOMIHHUKA.
[TapoBa cyMill HaAXOAUTh Y MDKTPYOHUN IPOCTIP, /1€ YACTKOBO KOHJIEHCYETHCS Ha
30BHIIIHIM MOBEpXHI TPYyO, OXOJIOIKYBAaHMX BOJIOI0 a00 IHIIUM TEIUIOHOCIEM.
YTBOopeHa (ierMa TOBEpTAETbCS 10  PEKTUPIKAIIAHOI  KOJOHU, TOMl  SIK
HEKOHJICHCOBAHI IMapy BiIBOAATHCS HA MOJANIBITY TIepepoOKy abo kKoHaeHcallito [1].

[lepeBaramu K0KyxXoTpyOHHX JedIerMaTopis €:

. KOHCTPYKTMBHA HAJIMHICTh 1 MEXaHIYHA MIIHICTb;

. MO>KJIMBICTh pOOOTH TIPH MiABUIIIEHUX TUCKAX 1 TEMIIEpaTypax;

. PEMOHTOIPUIATHICTh Ta CTAHAAPTH30BAHICTh CJICMEHTIB,;

. THYYKICTh Y BUOOp1 MaTepiaiiB (cTani, KOpO31MHOCTINKI CIJIaBH).

Pazom 3 TuM, iM puTaMaHHi CYTTEBI HEJOIKU:

. HEPIBHOMIPHICTh PO3NOJILITY MOTOKIB Y MIXXTPYOHOMY MPOCTOPI;

. YTBOPEHHS 3aCTIHHUX 30H;

. 3HIDKEHHSI KoeiIli€eHTa TETUIOB1IIadl MpU JaMiHapHu3allii MOTOKY;

. NiBUILIEHUN T1APaBIIYHUN omip Npu iHTeHCUdIKaii TypOyJIEeHTHOCTI

TPaTUIIHHIMA METOaMHU.
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CyuacHi miaxoaud A0 MOJEpHi3alii KoXKyXoTpyOHHUX aedierMaropiB 0a3yroTbes

Ha:

TpyO);

onTuMi3aiii reoMeTpii TpyOHOro mydka (3MiHa KPOKY pPO3TallyBaHHS

BUKOPHUCTaHHI OpeOpeHnX ado mpodiIboBaHUX TPYO;
BIIPOBA/KEHHI TypOyIi3aTOpiB y TPYOHOMY MPOCTODI;

moauikarii KoH}Iirypaiii meperopoaok y MisxkTpyoHomy mpoctopi [2].

Haii6inpn mepcrneKTUBHUM HAMpsSIMOM € 3MiHa T1IPOJUHAMIKA MIKTPYOHOTO

MIPOCTOPY 0€3 ICTOTHOTO 30UIBIIEHHS TIPABIIYHOIO ONOpY (pUCYHOK 1).

HpOHOHYCTI)C}I 3aCTOCYBAHHA CHUCTCMH CCI'MCHTOBAHHUX IICPCropoaok

cnenlagbHoi KOoH(Irypauii, po3TalmioBaHuX Mg KyroM 15-25°m0 oci amapata 3

YepryBaHHSM HaINpsSMKy cerMeHTaiii. Taka KOMIOHOBKa (hopMye KBazicHipalbHUN

(HabnMKeHuM 10 TBUHTOBOTO) PyX MapOBOr0 MOTOKY B MIKTPYOHOMY MPOCTOPI.

-

RN

Pucynok 1 — CxemaThuHe 300paXXeHHs MePEropoaoK i KytoM 15-25°[3]
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CyTb yAOCKOHAJICHHS IOJIATAE Y HACTYITHOMY:

1. [aTencudikamis TypOynentHocti. KBazicmipanbHuii pyx 3amo0irae
YTBOPEHHIO 3aCTIHHUX 30H 1 3a0e3Mmeuye piBHOMIpHE OMUBAHHS TPyOHOTO MydYKa.

2. [TinBumenHs koedimieHTa TEIIOBIAAaYl. 3aBISIKH 3pOCTAHHIO JIOKAIBHOT
MIBUAKOCTI MOTOKY 3MEHIIYETHCS TOBIIMHA MPUKOPAOHHOTO IIApy, IO MiJABUIILYE
IHTEHCUBHICTh KOHJICHCAITI].

3. PiBHOMIpHICTE  TemmepaTypHoro 1mojs. llomimmryerbest  poO3MOILT
TEMIIEPATYp Y MULKTPYOHOMY HPOCTOPI, 3MEHIIYETHCS PU3UK JIOKAIBHOTO TEPErpiBy
YH TIEPEOXOJIOHKEHHS.

4, OnTtuMmizanisi rigpasmiyHoro omnopy. [lopiBHSHO 3  TpaaMIiTHUMU
MOTIEPEYHUMH TIEPErOopOIKaMH, CETMEHTOBaHA CHUCTEMA JO3BOJIAE IOCSITTU OUIBIIOTO
koedirieHTa Teronepeaayl mpu MOMIpHOMY IIPUPOCTI BTPAT TUCKY.

Jlnst mpoliecy YacTKOBOiI KOHJAEHcalii (EeHOTy Ta aleToHy I O3Hayae
MIJIBUIICHHSI CTYINEHS CEJICKTUBHOI KOHJEHcAIll Bakdoi ¢pakiiii, cradiiaizalito
(berMoBOro yucia Ta 3SMEHIICHHS! €HEPreTUYHUX BUTPAT HA OXOJIOIKCHHS.

BnpoBamxeHns CErMEHTOBAHUX TIEPETOPOIOK i3 dbopMyBaHHIM
KBa3iCIipaJbHOTO MMOTOKY 3a0e3reuye:

. niaBHIICHHS KoedirienTa temonepenadi Ha 10—20 %;

. 3MCHIIICHHS] METAJIOMICTKOCTI amapara 3a paXyHOK CKOPOYCHHS JTOBKUHU
TETMJI000MIHHOT TOBEPXHI MPH TiKl camiil MPOAYKTUBHOCTI;

. 3HIDKCHHSI €KCTUTyaTalliiHIX BUTpPAT;

. MIJBUILEHHS CTa0lIbHOCTI pOOOTH peKTU(DIKAIHHOT KOJIOHHU.

Takum uymHOM, MonepHi3aiis nediermaTopa € HE JUIIE KOHCTPYKTUBHUM
YIAOCKOHAJIEHHSIM, a W 1HCTPYMEHTOM IMiJABUIIECHHS €HEProe(peKTUBHOCTI BCHOTO
BUPOOHHMIITBA (heHOITY Ta arleToHy [4].

Otxe, neduermMatop € KIOYOBUM €JIEMEHTOM CHUCTEeMHU pekTtudikamii y
BUPOOHMIITBI (PEHOJTYy Ta allETOHY, IO BU3HAYA€ SIKICTh PO3AUICHHS Ta €HEPreTHYHY

e(eKTUBHICTH MPOIIECY.
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TpagumiiiHi  KOXyXOTpyOHI ~ KOHCTPYKIII  XapaKTepU3YIOTbCSA  BHCOKOIO
HAJIAHICTIO, TPOTE€ MalTh OOMEXKEHHs, IIOB’S3aHI 3  HEPIBHOMIPHICTIO
T1APOAMHAMIYHOTO PEKUMY.

3aHpOHOHOBaHa MOI[GpHiSaHiH IIIxXomM 34CTOCYBAHHA CCIMEHTOBAHUX
neperopofok 13 (OpMyBaHHSM  KBa3iCHIPaJbHOIO PyXy TOTOKY JIO3BOJISE
iHTeHCH(IKyBaTH KOHACHCAIII0 Ta MIABUIIUTUA Koe(dilieHT Teruionepenadi 06e3
CYTTEBOTO 3pOCTAaHHS T1IPABIIYHOTO OIOPY.

Peamizamis nmaHoro pilleHHA COPUATAME 3HW)KCHHIO EHEpProBUTpaTr i
M1JIBUIICHHIO TEXHOJIOT14YHOI CTa0TbHOCTI BUPOOHHUIITBA.
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UDC 630
CREATION OF A NEW ENERGY-TECHNOLOGICAL COMPLEX FOR
DRYING VARIOUS SOLID DISPERSED MATERIALS
Kremnov V., Belyaev G., Belyaeva I., Zhukov K.,
Korbut N., Stetsuk V., Timoshchenko A.
Institute of Engineering Thermophysics of the National Academy of Scienceof

Ukraine

ABSTRACT. The paper is devoted to the creation of a unified complex for the
production of generator gas and its use for the organization of the drying process of
solid dispersed materials (both fuel chips and target products).

KEYWORDS: WOOD FUEL CHIPS, BIOFERTILIZERS, GENERATOR
GAS, SOLID DISPERSED MATERIALS, DRYER

CTBOPEHHS HOBOI'O EHEPI'O-TEXHOJIOT'TYHOT'O KOMIUVIEKCY
CYIIIHHSA PIBHOMAHITHUX TBEPAUX JUCIHEPCHUX MATEPIAJIIB
KpemunoB B.O., bensies I.B., bensiera LI1., Kykos K.JI.,

Kop6yt H.C., Cremtok B.T'., Tumomenko A.B.

[HCTUTYT TexHIuHO1 Teruodizuku HamioHaneHo1 akageMii Hayk YKpaiHu

AHOTAI[IA. Poboma npucssueHa CcmEOpPeHHIO VHIQIKOBAH020 KOMNIEKCY
00€PIHCAHHS 2eHepamopHO20 2a3y I U020 3acCmOCy8aHHs 0 opeauizayii npoyecy
CYWIHHA MBepOUx OUCNEePCHUX Mamepianié (K NAaiusHoi mpicku max I Yiibogoi
npooyKyii).

KJIFO4Y0BI C/IOBA: JEPEBHA [TAJINBHA TPICKA,
BIOJIOBPUBA,TEHEPATOPHUI1 T'A3,TBEP/JI JUCIIEPCHI MATEPIAJIN,
CYIIAPKA
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The purpose of the work.

Create a unified complex with high factory readiness for obtaining generator gas
from pre-dried wood fuel chips. And its application in the organization of drying
processes of both fuel chips and other solid dispersed materials.

Results. The development was carried out as a result of the joint activity of the
participants of the ITT consortium (intensification of thermal technologies) and is
intended for equipping the production of wood fuel chips, biofertilizers and other
technologies for dewatering solid dispersed materials that allow direct contact. with
generator gas combustion products [1].

When developing the complex, innovative technical solutions were applied
regarding:

- production of generator gas from wood fuel, pre-dried chips, with an increase
in the oxygen content of the oxide with the help of a membrane;

- method and device of wet cleaning of generator gas;

- utilization of the cooling heat of the working chamber of the gas generator;

- drying of solid dispersed materials in rotary-vortex dryers by means of
transformation of the flow part to optimize the technological process (rotor speed,
variable partitions, bypass windows, etc.);

- a system of automatic control of the combined operation of the gas generator
and the dryer.

The technical and economic advantages of the complex include:

- high factory readiness;

- autonomy;

- compactness;

- energy efficiency.

Conclusions.

The developed complex makes it possible to compose the application of the

modular principle of energy-efficient enterprises of any required productivity on the
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basis of unified equipment with high factory readiness. In addition, the developed
complexes can be used in combined technological drying systems [2].
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YK 66.062.53

T'IJIPOJJUHAMIUHA KABITAIISI B TEXHOJIOT'ISIX JIET'A3AILIL BOJIU:
HEPCIIEKTUBU BUKOPUCTAHHA B PI3BHUX I'AJTY 34X
HPOMHUCJIIOBOCTI

n.17.H. b. Llenens, k.1T.H. A. Hen6aiino, k.1.H. JI. 'oxxenko, k.1T.H. H. Paguenko,
roi. mex. B llynsk, romn. Texaomnor B. Illenkin

IncTuryT TexnivHol Temnopizuku HAH Ykpainu

AHOTALIA: [lpoananizoéano nepcnekmueu 3acmocy8aHus 2iOpOOUHAMIYHOT
Kasimayii Ons inmencugikayii npoyecie oezazayii pioun. Poszensanymo cyuacHi
HanpsamMKy O00CNIOJCeHb V Yl 2any3i, GU3HAYEHO KpaiHu-aidepu ) 6HPOBAONCEHHI
KasimayiuHux mexHono2iti Oe2azayii, a mMaxKox#C BUCGIMIIEHO 6HECOK VKPAIHCLKUX
8uenux, 30kpema docsienenns: lncmumymy mexuiynoi mennogizuxu HAHY.

ABSTRACT: The prospects for using hydrodynamic cavitation to intensify
liquid degassing processes were analyzed. Modern research trends in this area were
reviewed, leading countries in the implementation of cavitation-based degassing
technologies were identified, and the contribution of Ukrainian researchers —
especially the achievements of the Institute of Engineering Thermophysics of NAS of

Ukraine — was highlighted.

KTI0Y0BI C/I0OBA: JIETA3ALLLS, BOJIOMIJITOTOBKA,
TIIPOJMHAMIUHA KABITALILSL.

KEYWORDS: DEGASSING, WATER TREATMENT, HYDRODYNAMIC
CAVITATION.

Beryn. Ilponec nerasariii piiiH € BaXJIMBOIO TEXHOJIOTTYHOIO OINEPAIIEI0 MPH
BUPOOHMIITBI HAIOIB, COKIB, NWBa, MOJOYHUX NPOAYKTIB Tomo. Tpaguiiiiiai
TEXHOJIOT1i YacTOo MOB’s3aH1 3 BTpaTaMH MPOAYKTY ab0 X BTOPUHHUM 3a0pYTHEHHSM,

OKle ObOI'0, BBAXAKOTLCA CHCPIrOBUTPATHHMH, a 06J'IaI[HaHH}I BUMAara€ 3HAa4YHHX
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BUPOOHUYMX IUJIOHI. 3acTOCYBaHHS TiAPOAWHAMIYHOI KaBiTallli B KOMILUIEKCI 3
TPaIUIIMHUMU TEXHOJIOTISIMH Jiera3allli MOXKe€ CYTTEBO IIJIBUIIUTH i €()EKTUBHICTb.
PesynbTaT mocsaraeThcs 3a paxXyHOK MO€THAHHS Jaerasarlii, ne3iHdekii, romoreHizarii
Ta aktuBauii. be3yMOBHOIO nmepeBaror  KapiTamii € ii  €KOJOT14HICTb,
€Heproe(eKTUBHICTh 1 MOMKJIMBICTh IIBUJIKOTO MACIITA0YEThCS ISl MPOMHUCIOBUX
notped. 3a manumu gochimkeHb 2020-2025 pokiB KaBiTalliiiHI TEXHOJOTII BXKe
YCHIIIHO 3aCTOCOBYIOTBHCS Y BHUIVIAAI TiOpuaHux cucteMm. Hampuknan, kasitaris i
BaKyyM, KaBiTaIlis i mia3ma abo pi3Hi OKUCHIOBAY1 JAJII CHHEPTETHIHOTO €(DEeKTy TOIIIO.
BueHni pi3HUX KpaiH aKTUBHO BJOCKOHAIIOIOTH KOHCTPYKIIII pEaKTOPiB 3 ONTUMIZAIIIEI0
reomeTpii 3a moromoror CFD-MozaentoBaHHS.

HaiiGinpmn  3aTpebyBaHa BOHa 'y KpaiHax 3 IOTYKHOK  Xap4OBOIO,
HadTOmEepepoOHOI0 Ta  BOJIOOYMCHOI TMPOMHUCIOBICTIO, [JI€¢ TMPIOPUTETOM €
eHeproz0epekeHHs Ta ekoJoris. Jliepamu 3a KUJIBKICTIO BIPOBAKEHb € KpaiHu A3ii
(Kurait, Inpis, Snonis), ne KaBiTalliiHI TEXHOJIOTIT MAcIITaOyIOTh ISl OYUCTKH
CTIYHMX BOJ Ta OlomajinBa 1 IbOMY aKTUBHO CIIPUSIOTH JepkaBHi nporpamu. Y CIHIA
aKIIEHT Ha CTaJOMYy BOJIOKOPHCTYBAaHHI Ta OiomanuBl 1 HadTonmepepoOKu Ta
XapyoBoi Tany3i. B nociimkeHHsx 1 mIoTHUX mpoekTax Jiaupye €spona (Himeuunna,
Benuka bpuranis, Hinepmanam, Itanis, CnoBeHis), 30KkpeMa, B po3poOKax pOTOPHO-
CTATOPHOTO 00JIaTHAHHS.

B Vkpaini 3HauyHUN TEOPETHYHMI 1 EKCIEPUMEHTAIBHHUN TOCBIA y JaHOMY
HanpsamKy HakonnueHo B [TT® HAHY, 3okpemMa, y BOAOMIATOTOBIII, OYUCTII CTIYHUX
BOJ, JUIS Jlera3allii TEXHIYHOI Ta KOTJIOBO1 BoaU. Takoxk y cdepi BOJOMIATOTOBKU SIS
notped XapuoBOi MPOMHUCIIOBOCTI TPW BIJHOBJACHHI COKIB 3 KOHIIGHTpatTiB [1].
JlocmipkeHHsT MiATBEPKYIOTh BUCOKY €(eKTHMBHICTh Ha cormiax Bentypi ta PIIA.
Bukopucranas nmaHoro oOnajgHaHHS BIJIKPUBAE IUISIX 10 1MIOPTO3aMIMICHHS B
XapyuoBid 1 BOJOMIATOTOBYIM Tally3sX, a BIPOBAKCHHS JO3BOJIUTH OJHOYACHO
MIJBUILYBAaTH €(PEKTUBHICTh, 3HI>KYBATH BUTPATH Ta MIHIMI3yBaTH €KOJIOTTYHUNA CIiJI,

0 OCOOJIMBO AaKTyaJIbHO Il YKpaiHM Ta KpaiH 3 IHTEHCHBHHM IPOMUCIOBUM
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UDC 665.642.26

PASSIVE RADIATIVE COOLING OF VERTICAL SURFACES

associate professor, Ph.D. DUDA Bohdan, student BILCHUK Vasyl
National Technical University of Ukraine

“lhor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: This work describes a promotion passive radiative cooling technology
that emits heat to deep space without energy consumption and new methods of passive

cooling of vertical surfaces

KEY WORDS: THERMAL RADIATION, PASSIVE RADIATIVE COOLING,
TEMPERATURE-ADAPTIVE METASURFACE, URBAN HEAT ISLANDS

IHACHUBHE ITPOMEHEBE OXOJIO’KEHHS BEPTUKAJIBHUX
IHHOBEPXOHb

noueHrt, k.T.H. JIY/IA bornan, crynenat bIJIbBUYK Bacunb
Hayionanvnuti mexniunut ynisepcumem Yxpainu
“Kuiecvkuti nonimexuiunutl incmumym imeri lcops Cikopcvkoeo ™

AHOTAIUSA: V yiti pobomi onucano mexHoN02i10 NACUBHO20 NPOMEHEBO20
OXONI00HCEHH S, AKA BUNPOMIHIOE MENO 8 2IUDOKULU KOCMOC 6e3 CROMICUBANHS enepeii, a
MAKOINC HOBL MeMOoOU NACUBHO20 OXOJIO0HCEHHS EPMUKAILHUX NOBEPXOHb.
KJIIOYOBI CJIOBA: TEIIVIOBE  BUIIPOMIHIOBAHHA,  [IACHUBHE
IIPOMEHEBE OXOJIO/PKEHHA, TEMIIEPATYPO-AJAIITUBHA [IOBEPXHA,
MICHKI TEIIJIOBI OCTPOBU.

[TacuHe mpomeHeBe oxonomkeHHs (PRC) mIMpoko 3acTOCOBYETHCS B Pi3HHX
TEXHIYHUX PIIMICHHIX IS 3a1I00IraHHs Ta 3MEHIIIEHHS PUPOCTY TEIUIa, a TaKOXK, JUIs

30UTbLIEHHS! 1HTEHCHUBHOCTI PO3CIIOBaHHS Temia. TeXHONOoris pOo3CIIOBaHHS Teria
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cnpsiMOBaHa Ha OOMIH HAQJUIMIIKOBHM TEIJIOM MDK OyAiBICIO YW TPHIAIOM Ta
NOrJMHaYeM 3 OUIbII HU3bKOIO TEeMIIepaTyporo, sK-oT He0o, 3emMis, Boda abo
HABKOJIAIITHE TIOBITPSI.

TexHo10r1i TACUBHOTO TPOMEHEBOTO OXOJIOJKEHHSI MOKYTh 3HAYHO 3MEHILUTH
noTpeOy B €Heprii s KOHIUIIOHYBaHHS MOBITps. IloTeHIliiiHI mepeBard IbOTro
METOAY TICHO TOB’S13aH1 3 MICIICBUMU YMOBaMH, SIKi KOHCTPYKTOPH MAlOTh PETEIHHO
OpoayMaTH. XapaKTePUCTUKU IPYHTY, HasBHICTb BOJOHOCHUX TOPU30HTIB, J00OBI
KOJIMBAHHS TEMIIEpaTypH HaBKOJHUIIIHBOTO CEPEIOBHINA MPOTATOM YChOTO POKY Ta
pIBEHb BOJIOTOCTI TOBITpPS, SKI HEOOXIJHO OLIHUTH MICIS BOPOBAKEHHS 3aXO[1B
o0  3amo0iraHHd  HAJUIMIIKOBOTO  HAIXOJDKEHHS  TeIla Ta  3MEHIIEHHS
TEIIONOCTaYaHHS.

OXO0no/)KEeHHs BEpPTUKAJIbHUX IMOBEPXOHb (HANPUKIAJ, CTIH OY/IBENb) €
CKJIQJTHUM 3aBJIaHHSAM, OCKIJIbKM BOHU MalOTh OOMEXEHHI «OTJIsia» XOJO0IHOTO Heba 1
BOJHOYAC MOMIMHAKOTH 3HAYHY KUIBKICTh TEIJIa B1J HArpiToi 3€MJll Ta HABKOJMIIHIX
00’exTiB. HemonaBHiii npopuB y ranay3i TepMOQPOTOHIKH JI03BOJIUB BUPIIIMTH IIIO
npobjeMy 3a  JIOIOMOrOI0  KYTOBO-aCUMETPHUYHUX  BUIIPOMiHIOBaudiB  (AS-
BUIIPOMIHIOBAYiB) 13 3y04YacTorO CTpyKTYypoio [1-4].

KitouoBuMM 0COOTUBOCTSIMU 111€1 TEXHOJIOTI €:

o 3y0uacTa KOHCTPYKIISl JJIsi CHPSMOBAHOTO BUIIPOMIHIOBaHHSI. B  0OCHOBI
MPUCTPOIO JICKUTH 3y0dacTa pemiiTka (sawtooth grating), sixka mopyirye CUMETpPiro
BUMPOMIHIOBaHHSl TeIula. 3aBASKH Takid ¢GopMi BUIPOMIHIOBAY MOXE OyTH
CIIPOEKTOBAHMNA Tak, 100 CIPSIMOBYBAaTH TEIUIOBE BUIIPOMIHIOBAHHS MEPEBAKHO Y
01K XOJIOJTHOTO 3€HITY He0a, ITHOPYIOUH «Tapsdi» MOTOKH MOBITPS BiJT 3€MITI.

o OararomiapoBa CTPYKTypa:

- cpibni (Ag) mapu Ta HaHONOpHCTa momieTwieHoBa (NANOPE) ruriBka

3a0e3MeuyroTh HaJA3BUYaiiHO BUCOKE BIIOMTTS COHSIYHOTO CBITJIAa B YChOMY CIIEKTPI,

3ano0iraoyu HarpiBaHHIO CTIHU NPSIMUMHU TPOMEHSIMU;
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- mrapy  HiTpuay kpemHito  (SIN)  BigmoBigaroTh 32 BUOIpKOBE
BUMNPOMIHIOBaHHS TeIUIa B 1H(pauyepBOHOMY Jiana3oHl 3aBASKH TTOBEPXHEBOMY
(hOHOH-TIOSIPUTOHHOMY pe30HaHCY ((POHOH-TIOISIPUTOHU — TIOpHIHI KBA31YaCTUHKH,
110 BUHUKAIOTh B PE3YJIbTaTi B3aeMO/1l 1HGPAYEPBOHOTO CBITJIA 1 ONTHYHO aKTUBHUX
KoJiuBaHb aToMiB ((poHOHIB) [3];

- 30BHIIIHIN Imap cpibia - cheuiaabHO po3poOJieHud 1Jid BiAOWBaHHSA

TEIJIOBOTO BUIIPOMIHIOBAHHS BiJ] 3€MJI1, HE JIal0UM CTIHI MOTJIMHATH TEIUJIO 3HU3Y.

BumnpoOyBanHs mokaszanu, 1o Taki AS-BUIpOMiHIOBaul 3/1aTHI MiATPUMYBATH
temnepaTtypy Ha 2.5 °C HUKUYE TeMIepaTypu HABKOJMIIIHHOTO CEPEAOBUIIA HABITH i
OpSIMUMU TKOBUMHU cOHsuHMMH mpomeHsimu. lle na 8.9 °C edexTuBHime, HiXK
BUKOPUCTaHHS 3BHYAHOT KOMepuiiHOi Ounoi ¢apou [1-2]. 3aBAsku MOXIHBOCTI
3MIHIOBaTH T€OMETPII0 «3YOI[iB», PO3POOHUKH MOKYTh aJanTyBaTH BUIIPOMIHIOBAY ITi]
KOHKpPETHI YMOBH: HaBITh SIKIIIO CTIHA PO3TAIIOBaHA HABIPOTHU IHIIOI Taps4yoi OymiBii,
aCUMETPUYHA CTPYKTypa 03BOJsi€ €(PEKTUBHO CKUIATH TEIIO TOB3 MEPEIIKOIY Y
KOCMIYHHUH MPOCTIp Yepe3 «arMochepHe BIKHO MPo30pocTi» (8—13 Mkm).

[Is TexHOJOTIS 3AIMCHIOE «BUMIPHHWA CTPUOOK» BiA  OXOJIOJKEHHA
TOPU30HTAJIBHUX JIaXiB JI0 MPAKTUYHOTO 3aCTOCYBAaHHS Ha BEPTUKAIBHUX CTIHAX, 031
Ta OOKOBHX TIAHENSX TPAHCHOPTHUX 3aco0iB, IO MOXE PAJUKAIBHO 3MIHUTH
€HEProCIOKUBAHHS MICT.

3a HAWOUIBII CHOPUATIMBUX YMOB IMACHBHE OXOJIOJDKEHHS MOKE IOBHICTIO
3a/I0BOJIHUTH TOTPeOM B OXOJOKEHHI OyAiBIl 1 WOro MOXJIMBO BTUIMTH 3a
JIOTIOMOTOI0  BIIMOBIAHOTO 30€piraHHs XOJIOAY Ta 3a JIOTIOMOTOI0 OJHOYACHOTO
BUKOPUCTAHHS KUIBKOX TEeXHOJOTiM. Takuii miaxig cTae MOXJIMBUM 3aBJISKH
KOMILJIEKCHOMY MPO€KTYBaHH1 OyAiBIIl.

Buxopucrani xxepena:

1. Temperature-adaptive metasurface radiative cooling device with excellent
emittance and low solar absorptance for dynamic thermal regulation and low solar

absrptance for dynamic thermal regulation.
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Temperature-adaptive metasurface radiative cooling device with excellent emittance

and low solar absorptance for dynamic thermal requlation

2. Metasurfaces for Future Applications to Passive Radiative Cooling.

Metasurfaces for Future Applications to Passive Radiative Cooling

3. Phase-transition metamaterial smart window for radiative cooling and privacy
protection.
Phase-transition metamaterial smart window for radiative cooling and privacy

protection

4. T'epacumoB Omner IBaHOBMY. TeopeTWYHI OCHOBU TEXHOJOTIH 3aXHUCTY

HaBKOJIMIITHBOTO CEpEeIOBUINA: HaBYaIbHUM 1moci0. / Oxechk. aepxk. ekoir. yH-T. Oneca:

TEC, 2018. 228
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UDC 66.047; 544.421
INFLUENCE OF TEMPERATURE ON THE TRANSITION OF BISCHOFITE
HYDRATE FORMS UNDER THERMORADIATIVE HEATING
PhD student Filipov V.V., PhD, Associate Professor Novokhat O.A.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

Abstract: The influence of temperature on the change in the hydrate form of
bischofite during dehydration under infrared heating is considered. Based on the
experimentally determined dehydration degree, the current number of crystallization
water molecules in the salt was calculated and the sequential transition from
hexahydrate to lower hydrates was traced. It is shown that at 70 °C the process is
limited mainly to the hexahydrate-pentahydrate range, at 90-100 °C tetrahydrate
becomes attainable, and at 110 °C the composition of the material approaches a
mixture of tetrahydrate and trihydrate. The obtained results substantiate the
expediency of stepwise temperature control for obtaining the required hydrate form of
magnesium chloride.

Keywords: bischofite, magnesium chloride hydrates, temperature, dehydration

degree, infrared heating.

BIIJINB TEMIIEPATYPU HA IIEPEXI/JI T'TAPATHUX ®OPM BIINIO®ITY

ITPU TEPMOPAJIIAIIIMHOMY HATPIBAHHI

Acnipant @ininos B.B., k.1.H., nouienT HoBoxat O.A.

HaunionanbHuUil TeXHiYHUI YHiBepcUTET YKpaiHu

«KuiBcbKui noJtitexHivHui iHcTUTYT iMeHi Irops Cikopebkoro»

AHoTaunis: Posenawymo eniue memnepamypu Ha 3MiHy 2iopamHoi gopmu
Oiwogimy nio uac tiozo Oeciopamayii 3a iH@pavepsonoco Hacpieanns. Ha ocrnosi
EeKCNePUMEHMANIbHO  BUSHAYEHO20 CHMYNEHs 0e2iopamayii po3paxo8aHo HNOMOUYHY

KLIbKICMb MOJNEKYl KPUCMANI3ayitiHoi 800U y COli mMa NPOCMENCeHO NOCII008HULL
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nepexio 8i0 eexcaciopamy 00 Hudicuux eiopamie. Iloxaszano, wo 3a 70 °C npoyec
obMedcyembcs nepesadicho obnacmio eexcaciopamy-neumacziopamy, 3za 90-100 °C
cmae docsaxcnum mempaeiopam, a 3a 110 °C ckrao mamepiany nabaudxcacmocs 00
cymiwi mempaciopamy i mpueiopamy. Ompumani pezyibmamu 0OIPYHMOBYIOMb
OOYINbHICMb CIMYNIHYACMO20 KEPYBAHHSA MEeMNEPAMYPHUM PEHCUMOM O 00ePIHCAHHS
3a0aHoi 2iopamHoi hopmu X10pudy MacHio.

KarwouoBi cioBa: 6imodit, rigpatd XJIOpUAy MarHiro, TeMiieparypa, CTYMiHb

aerigparaitii, iHppauepBOHE HArPIBAHHS.

One of the most important practical tasks in thermal treatment of bischofite is
not only the overall reduction of moisture content but also control of the current
chemical form of the magnesium chloride hydrate. This is due to the fact that different
hydrate forms are characterized by different stability, bulk density, tendency to cake,
and technological suitability for further processing. Therefore, during dehydration it is
important to control not only the rate of the process but also the boundaries of
transition between individual hydrates.

In this study, the current number of crystallization water molecules n was
determined on the basis of the experimental dehydration degree. This approach made it
possible to directly relate mass losses to the transition from MgCl.-6H2O to lower
hydrates. Under insufficient thermal action, the dehydration rate decreases before the
next lower hydrate is reached, whereas with increasing temperature the transition zone
shifts toward tetrahydrate and then toward trihydrate.

It was established that at 70 °C the final composition of bischofite corresponds
predominantly to a mixture of MgClz-:6H20 and MgClz-5H20. At 90 and 100 °C the
material enters the pentahydrate-tetrahydrate range, while at 110 °C the average
composition approaches a mixture of MgCl.'4H.O and MgClz2-3H20. Such results
indicate that increasing temperature not only accelerates the process but also changes

the attainable final hydrate state within the same treatment time.
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The obtained results are of practical importance for developing stepwise heating
modes. At the initial stage, more intensive heat supply may be advisable to ensure
rapid passage through the region of higher hydrates. After the required hydrate
structure has been reached, the temperature can be lowered in order to reduce the risk
of further transition to less stable forms and to obtain a more uniform composition

throughout the bulk of the material.

- 70 °C - 100 °C
-®- 90 °C 4 110 °C

Number of water molecules, n

" —
—— —
" —

Time, min

Figure 1. Generalized curves of changes in the number of crystallization water
molecules in bischofite at different temperatures

It should also be taken into account that excessive deepening of dehydration at
high temperatures may be accompanied by undesirable side effects, in particular
hydrolysis of magnesium chloride at lower stages of hydration. Therefore, control of
temperature and process duration is a determining factor in obtaining the target hydrate
form with minimal quality losses. Hence, analysis of transitions between hydrates
makes it possible to reasonably select conditions for bischofite dehydration in
technological practice.
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YK 66.063
PO3POBKA TEXHOJIOT'TI BAPOSHUIITBA COHIIE3AXNCHOI'O
KPEMY 3 PO3POBKOIO ITEPEMIIITYBAYA
ctyneHT XykaneHko . O., acucrent Kocenko B.B.
HarnionansHuil TeXHIYHUNA YHIBEPCUTET YKpaiHU

“ KuiBcbkuil momitexHiyHuid iHCTUTYT iMeHi Iropst Cikopchkoro

AHOTAUISA: B oaniti pobomi 0ocniodiceHo ma npoaranizo8aHo KOHCMPYKYio
peaxmopa-3miwysadya 3a nameumom CN 121695757 A, eusasneno nepesazu ma
HeOOiKU KOHCMPYKYIL ma 3anponoHo8ano 61acHull 8apianm mMooepHizayii, uio ycysae
KI0Y08ULL 2I0POOUHAMIYHUL HEOONIK 6A3080i KOHCMPYKYII.

KJIFOYOBI CJIOBA: PEAKTOP-3MIIIIYBAUY, BIIBUBAJIbHI
IIEPEI'OPOJIKM, EMVYJIBCII W/O, TIEPEMIIIYBAHHS, ILIEHTPAJILHUI
BUXOP, AEPALLA, AUCITEPT'YBAHHAL.

V¥ peakropax-3MilllyBauax [Jis BUPOOHUIITBA KOCMETUYHUX €MYJIbCIM Millajika
3abe3rneuye AUCHEpryBaHHs (a3 Ta piBHOMIPHUN PO3MOJLT aKTUBHUX KOMIIOHEHTIB.
Bix rigpoauHamMiyHMX yMOB B amapaTi KPUTHYHO 3aJI€XKHUTh CTAO0UIBHICTH €MYJbCIi
W/O Ta omHopigHicTh po3noaiuty MiHepanbHuUx Y®D-¢puibtpiB ZnO ta TiO2. Tox

JOCIIKEHHS! KOHCTPYKIIIT IEPEMIIITYIOUOTO MIPUCTPOIO € aKTYaITHbHUM.

Pucynok 1 - Konctpykiiis nepeminryBada 3a nareHtoM CN121695757A[1]
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VY 3amponoHoBaHii KOHCTpyKIi (puc. 1) amapar sBisie cO00r0 BEPTHKAILHUHN
WTIHAPUYHUN KOPITYC 13 KOHIYHHMM JHUIIEM Ta JBOSPYCHOIO Milajiko. BepxHs
JIOTIaTh OCHOBOTO THUIMY 3a0e3leuye 3arajbHy IUPKYJSAIII0 BMICTY, HIDKHS JIONATh
pajiaJbHOIO TUITY PO3TalllOBaHA Yy KOHIUHIN 30HI Ta MiJIHMae ocaj TBEPAUX YaCTHHOK
70 IITylIEpa 30BHIMIHBOIO IUPKYJSALUIMHOTO Hacoca, SIKUM 31HCHIOE 1HTEHCUBHE
pYHHYBaHHS arjoMeparTiB y 3aMKHYTOMY ITUKJI1.

IlepeBarn KOHCTPYKIIii:

o edeKkTUBHE MOJAPIOHEHHS arjioMepaTiB YaCTHMHOK 3aB/ASKH 30BHIIIHbOMY
3CYBHOMY Hacocy;

o HITHATTS OCajy 3 KOHIYHOTO JHA HUKHBOIO PaiaibHOIO JIOMATTIO 0e3
3aCTIMHUX 30H Y KOHIYHIN YaCcTHHI,

° CKOpPOYEHHSI TEXHOJIOTIYHOIO JIAHIIOTa — BIJCYTHICTb CTaJil BOJIOTOrO
KYJIbOBOT'O TIOMEITY.

Heponiku KoHCTpYKUii:

° BIICYTHICTb BiIOMBaIBHUX MEPETOPOJOK MPU3BOAUTH JI0 TOTO, IO PiAMHA
o0epTaeThCs pa3oM 13 MIMIAIKOK SK €IUHE LI, a KOPHCHA NOTYXHICTh
MepEeMIITYBaHHS P13KO 3HIKYETHCS;

o YTBOPIOETHCS CTIMKUA LEHTPAJIbHUM BHXOp, 4Yepe3 SKUW B amapar
3aXOIUTIOETHCS TMOBITPS — MIKPOIyXHpIIi afacopOyroThest Ha yacThuHkax ZnO Tta TiO: 1
CHPUYHUHSIOTH PO3IIAPYBaHHS €MYJIbCIT;

o HasIBHICTh 3aCTIMHMX 30H TMOOJIM3Y CTIHKM KOPIYCYy MPU3BOIUTH 0
HEPIBHOMIPHOTrO po3noAuty Y ®-GiapTpiB y FOTOBOMY HPOIYKTI.

MoaepHnizauis:

BiacyTHicTh mneperopofiok y IMWIHAPUYHIA YacTUHI € TIApOAMHAMIYHUM

HEJIOJIIKOM.
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I
(S PR |

1 — Ileperoponku; 2 — Kopmyc; 3 — IlepeminryBau
Pucynok 2 — 3anponoHOBaHMii BapiaHT MOJEPHI3allli peakTopa 3 10JaBaHHAM
IEPETOPOJOK
[IporoHy€eThCSI  BCTAHOBJCHHSA  YOTHPHOX  CTAIllOHAPHUX  BEPTUKAIBHUX
BIIOMBAJILHUX TEPErOopoOJIOK Ha BHYTPIINIHIA MOBEPXHI MWIIHAPUYHOI OOWYalKU
peakTopa. Ileperopoaku po3MilytoTbcsi piIBHOMIpHO uepe3 90° Ta nmpuBaproloThes A0
HWJTIHJIPUYHOT CEKIlli, HE 3aXOoJsi4d y KOHIYHE JHUINE. TaHreHIalbHUN TOTIK,
HAIITOBXYIOUMCh Ha MEPEropojiku, TpaHcHopMyeThcsi B TypOyJIEHTHHM pajiaibHO-
OCBOBHI pyX, IO YCYBa€ BUXOp Ta 3a0e3neuye piBHOMIpHE AucnepryBaHHsa. KoHiuHe
JHUIIE 3aTUIIaEThess 0€3 mMmeperopojo, 1o 30epirac (yHKII0O HUXKHBOI JIOMATi Ta

IITyIepa Hacoca.

IlepeBarn KOHCTpPYKIIii:

o YCYHEHHsI IIEHTPAJIbHOTO BUXOPY Ta 3armo0iraHHs 3aXOIUICHHIO MOBITPS,
1o crabimsye emyinbcito W/O;

o piBHOMIpHEe aucnepryBaHHs ZnO Ta TiO: mo BchoMy 00'eMy 0€3 30H

ceMMEHTAIIIT;

Heponiku koHCTpYKUii:

o HEBEJIMKE YCKJIAJHEHHSI TPOMHUBAHHS BHYTPIIIHIX TOBEPXOHb anapara;
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o HE3HayHe 3pOCTaHHSI CTIOKUBAHOI MOTYKHOCTI IPUBOAHOTO ABUTYHA.

Bukopucrani xxepeJa:

1. PatentCN121695757A. URL.:
https://worldwide.espacenet.com/patent/search/family/099075109/publication/CN1216
95757A?0=CN121695757A
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MOJEPHI3AIIA YCTABHOKHA BUPOBHUIITBA ETUJIBEH30J1Y 3
PO3POBKOIO JE®JEIMATOPA
cryaent [leprar M.C., nouenr, k.T.H. ['ymienko C. B.
HaunionanbHUil TeXHiYHUI YHiBEpCUTET Y KpaiHu
“ KuiBcbknid mojitexHiyHuii incrutyt iMeni Iropsa Cikopcbkoro ”

AHOTAUIA: Poszensnymo  moldepuizayiro  Oeghreemamopa  yCmMaHo8KU
BUPOOHUYMEA eMUOeH30y 3 Memolo iHmeHcu@ixayii meniooominy. 3anponoHo8aHo
BUKOPUCMAHHSA CIYNIHYACTO20 OX0JI00HCEHHS, CMPYKMYPOBAHOI OPEHANCHOT NOBEPXHI
ma enemenmie mypoOynizayii nomoxy, wjo 3abe3neuyc 3MeHUleHHs MOSWUHU NII6KU
KOHOeHcamy, niosuuyeHHs koe@iyichma menjionepedayi ma eunepeoeqhexmusHoCmi
npoyecy.

KJIIOYOBI CJIOBA: JJE®JIETMATOP, ETUJIBEH30JI, TETIJIOOBMIH,
KOHAEHCALIA, CTYINIHYACTE OXOJIOMXEHHA, IPEHAXHA ITOBEPXHA,
MIKPOKAHAJIN, TYPBVYJIIZAILIA [TOTOKY, KOE®ILIEHT TEIUIOITEPEJIAUI,
EHEPI'OE®EKTUBHICTB.

Metoro naHOi poOOTHM € aHal3 Cy4yaCHUX KOHCTPYKILIN nediermMatopiB Ta
po3poOka e(eKTUBHOI KOHCTPYKIi amapata [JIi YCTaHOBKHM BHUPOOHHUIITBA
eTUIOCH30ITY.

3anponoHoBaHui BuHaxij [1] BIAHOCUTBCA JO CHUCTEM KOHJEHcAIlli mapu 3
iHTeHCU(DIKAII€I0 TEMI000MIHY Ta KEpOBAaHUM BiJIBEICHHSIM KOHJEHcaTy. BiH siBmsie
co0010 TEMI000MIHHY CUCTEMY, 10 CKJIaay K01 BXoAuTh KoHaeHcaTop (100) Ta kinbka
He3aJIeKHUX KOHTYpiB oxoJjiomkeHHs (200), mo 3a0e3nedyroTh MOETANHE 3HUKEHHS
TEeMIIepaTypHy B3J0BXK KaHATy KOHACHCAITIl.

[IpuHuMn poOOTH CUCTEMHU TOJITa€ B TOMY, IO IMapa HAAXOJIUTh Y BEPXHIO
yacTUHY KaHainy kozaeHcamii (120), me mpu KOHTaKTI 3 OXOJIOKEHOIO TOBEPXHEIO
MOYMHAETHCS TIPOLIEC KOHACHCAIIl 3 YTBOPEHHSM TOHKOI PIAMHHOI TUTIBKUA. Y MIpy
pyXy MapopiIMHHOTO TMOTOKY B3A0BX KaHainy (120) TemmepaTypa HNOCTYHOBO

3HIDKYETBCSL 3aBASKA POOOTI MOCHIIOBHUX 30H oxosiofpkeHHs (121), mo dopmyroTs
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CTymHiHYacTHii TemneparypHuil mpodins. [Ipym 1mpoMy KoXKHa HAcTymHa 30Ha Mae
HIDKYY TeMIIepaTypy, HDK MOMEpenHs, IO J03BOJIAE€ YHUKHYTU PI3KUX TEPMIYHHUX

nepemnajiB i cTabuTizyBaTH NpPoIeC TEIII000MIHY.

100 — xongeHcarop, 120 — xanan kouaeHcarii, 121 — 30Ha oxonomkeHHs, 122 —
JIpeHa)xkHa CTpyKTypa, 200 — koHTyp oxosiomkeHHs, 230 — BxigHa TpyOa, 240 —
3BOPOTHA TpyOa, 250 — 3BopoTHUI KiamnaH, 260 — Boasauit Hacoc, 270 — X0 IUIbHHAM
arperart, 231 — BXiIHUI peryatoBaJibHUM Kianad, 241 — nepiuii Tepmomerp, 280 —
pesepByap 1is 30epiranss Boau, 281 — xosioaHa 30Ha pe3epByapa, 282 — rapsiya 30Ha
pesepByapa, 290 — Tpyb6omnposia noaadi Boau, 300 — TpyOonpoBil BiABEAECHHS BOIU

Pucynok 1 — Cucrema KoHeHcallli mapu

KoHgeHcaT, 1m0 yTBOPIOETHCS HA BHYTPIIIHIM MOBEpXHi, MiJ AI€I0 CHUJI
MTOBEPXHEBOI'0 HATATY IMEPEPO3NMOIUIIETECS Yy ApeHaXxHy CTpykTypy (122), ne
(GhOpMYIOThCS JIOKAI30BaHI MOTOKK pinuHU. LI MOTOKM pyXarOThCs BHU3 MM JI€I0
CWIM TSDKIHHS, IO TPHU3BOJUTH JO 3MCHIICHHS TOBIIMHU PIiJIWHHOI TUTIBKA Ha
OCHOBHIH TeIIONepeIaBalIbHIN MOBEPXHI Ta 3HUKEHHS TEPMIYHOTO OMOpy. Takum
YUHOM Yy CHCTEMI OJIHOYacCHO peajli3y€eThCs IHTEHCHU(IKOBAHA KOHAEHcAIllsl Ta

e(eKTUBHE BIJIBEICHHS KOHJICHCATY.
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MonepHizarlist moJiIrae y 180X KIFOYOBHUX PIIICHHSIX:

- CrymiHyacte OXoJoJKeHHS 1o 3o0Hax (121). 3amicTe piBHOMIPHOTO
OXOJIOJDKEHHSI PEalli30BaHO TOCHIIOBHE 3HIDKEHHS TEMIIEpaTypH B3JIOBXK KaHATy
(120), mo [m03BOJISIE YHUKHYTH PI3KMX TEPMIYHUX HABaHTAXEHb 1 MiABUIIATH
cTaOUILHICTh KOHIEH AL,

- CrpykTypoBaHa apeHakHa moBepxHsa (122). BHyTpimiHS MOBEpXHSA KaHATy
BUKOHAHA 3 MIKpOKaHalaMH, SKi OpPraHi3OBYIOTh pyX KOHACHCATy Ta PYUHYIOTh
CYLLIBHY TUTIBKY, 3MEHIIYIOUH TEPMIYHHM OMip.

VY cykynHocTi 1ie 3a0e3neuye KepoBaHy JBO(azHy TiApoJuHaMIKy (mapa—
piuHAa) Ta IHTEHCU]IKALIIO TETUIOOOMIHY.

Bunaxin [2] BIZHOCHUTBCS 10 TEIIOOOMIHHMX amnapaTiB 3 YIOCKOHAJIEHOIO
BHYTPIIIHBOIO T1APOAMHAMIYHOIO CTPYKTYPOIO Ta MOJIYJIBHOIO OpraHi3aIli€r0 KOpIycy.
OcHOBHA MeTa MOJIATa€e y MiJBUIIECHH] IHTEHCUBHOCTI TEIUIONEpeaayi, BUPIBHIOBaAHH1
pPO3MOAUTY TMOTOKIB Ta 3MEHILIEHHI TIAPaBIIYHUX BTPAT 3a PaXyHOK BHYTPIIIHbOI
oprasizailii pyxy TEIUIOHOCIIB 1 0araToCeKI[IHHOTO BUKOHAHHS KOPITYCY.

Ycepenuni koprnycy (10) posramoBaHo po3nofauibHuiA By3on (11), skui
BUKOHY€E (PYHKI[I}O PIBHOMIPHOTO TOJUTY TMOTOKY pOOOYOTO CepeloBUINA Ta HOTo
HalpaBJICHHS y BIJAMOBIAHI KaHamM TermiooOMiHy. [lami cepemoBuille HaIXOAUTh Yy
cCUCTeMy BHYTpilHiX kaHaiiB (12), 1e 6e3rnocepeiHbO peali3yeThCsl OCHOBHUH TPOIIEC
TerIonepeaayi MiXk IBOMa poOOYHMH CEpeIOBUIIIAMHU.

[Tomaya OJHOTO 3 TEIUIOHOCITB 3MIMCHIOETBCS depe3 BXimHui kosekrop (13),
AKUM 3a0e3leuye pIBHOMIPHUM pO3MOALT MOTOKY MO pobounx kKaHamax (12) Tta
3MEHIITy€ HEPIBHOMIPHICTH T1POIMHAMIYHOTO HABaHTAKEHHSI.

VY cTpykTypi TEmia00OMiHHMKA TNepeadayeHO BHYTPIIIHIM Hampapistouuil ado
posnoaiabHui enemenT (111), sxuii hopmye JIOKaNIbHI 30HH PYXY MOTOKY, IiABHIIYE
Horo TypOyJeHTHICTh Ta crpusie i1HTeHCH(IKaIli Teryonepeaadyl 3a paxyHOK

pYyWHYBaHHS JIaMIHAPHUX I1APIB.
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Takox y koHCTpyKIii nependadeHo enemeHT (212), sikuii BUKOHYE (QYHKIIiFO
nepepo3noAiry abo crabimizamii MOTOKY Ha BHUXIIHMX JUISHKaX CcUCTeMU. BiH
3a0e3neyye BHUPIBHIOBAHHS MIBHAKOCTEH PyXy CEpeloBHUINA Ta 3MEHIIYyE JIOKaIbHI

ripaBIidyH1 HEPIBHOMIPHOCTI.

ion i “10a
10 — xopmryc Termoobminauka, 10A — meprra cekist kopmycy, 10B — nqpyra
cekiis kopiycy, 10C — tpets cekitis kopiycy, 11 — po3noainsauii By30:1, 12 —
CUCTEMa BHYTPIIIHIX KaHAJIIB TEIJIO00MIHY, 13 — BXiHuUiA Konektop, 111 —
BHYTPIIIHII HanpaBisiiounii (TypOyIi3yrounii) eneMenT, 212 — eneMeHT cTadimizanii
Ta MEPEPO3NOIITY TOTOKY
Pucynok 2 - TermmooOMiHHUIN amapat 3 yIOCKOHAJICHOK BHYTPIIITHBOIO

T1APOAMHAMIYHOIO CTPYKTYPOIO Ta MOAYJILHOIO OPraHi3aIli€r0 KOpIrycy

[lin 4ac pobGoTu TermIooOMIHHMKA po0OOYl CEepe/lOBUINlA PYXaIOThCs Uepes
cuctemy kaHamiB (12), me BimOyBa€eThCsl IHTCHCUBHUIN TEIIOOOMIH 4epe3 PO3BUHEHY
MOBEPXHIO. 3aBMAsSKM HarpapistounM enemeHtaM (111) mortik HaOyBae ckiagHINION

TPAEKTOPIi PyXy, L0 30UIbIIYE Yac KOHTAKTy MIK CEpeOBHUINAMHM Ta IiJBUILYE
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edexTuBHICTh Temonepenayi. [licas NPOXOMKEHHS 30HU TEIJIOOOMIHY TOTOKH
CTabLTI3yIOThCA eleMeHTOM (212) 1 BIIBOJSATHCS 3 arapara.

MogepHizamisi TEIOOOMIHHMKA TIOJNATAaE Yy TEpexoial BiJ TpaAHIIiHOT
OJIHOKOHTYpPHOiI a00 clabKO CTPYKTYpOBaHOI CXEMHU PyXy TEIUIOHOCIS 10 MOIYJIbHOT
0araToceKIiMHOI KOHCTPYKIIIi 3 KEPOBAHOIO BHYTPIIIHLOIO T'lJIPOIUHAMIKOIO.

MonepHizoBaHa  KOHCTPYKIlis — 3a0e3reuye  MiABUINCHHS  KoedirieHTa
Terionepeaayi 3a paxyHOK IHTEHCH(iKallli KOHBEKTHBHHUX IPOIECIB Y BHYTPINIHIX
KaHanax. 3aBISKH MOJYJbHOMY BHUKOHAHHIO KOPITYCY MOKPAIY€ThCS PIBHOMIPHICTH
pO3MOAUTY TEeMIEepaTypd Ta 3MEHIIYETbCS PHU3UK JIOKAIBHUX IMEperpiBiB  abo
HEJ00XO0JIOMKEHH. Bukopuctanus TypOyi3yrodoro eaeMeHTa J03BOJISE MIABUILINUTH
IHTEHCUBHICTh TEIUIOOOMIHY ©0€3 CyTTeBOTro 30UIbLIEHHS TrabapuTiB amnapara.
Cralimizatop MoToKy 3ade3neuye OUIbIN PIBHI TipPOJMHAMIYHI YMOBH Ha BUXO/I1, 1110
MO3UTHUBHO BIUIMBAE HA pOOOTY HACTYIHHUX €JIEMEHTIB TEXHOJIOTTYHOI CUCTeMH. TaKox
KOHCTPYKI[II Ma€ MOXJIMBICTh MacIITaOyBaHHS 3a pPaxXyHOK JOJaBaHHS a0o
CKOPOYEHHS CEKIIiH, 1110 MiABUIIYE YHIBEPCAIbHICTh 3aCTOCYBaHHSI.

Bunaxin [3] BIAHOCUTBCS 10 TEIJIOOOMIHHMX amapaTiB 3 BHIApHUM (vapor
cooling) mNpPUHOMIOM OXOJO/KCHHS, y SKUX TIJIBHMINCHHS 1HTCHCHUBHOCTI
TeIuIonepeaayl JOCAraeTbcs 3a paxXyHOK IMO€IHAHHS (a3oBOro mepexoay pododoro
CEepelloBUIlAa Ta KEpOBaHOI oOpradizauli TMOTOKIB y BHYTPIIIHIA CTPYKTypi
Ter1oo0MiHHUKA. OCHOBHOIO METOIO € IMABUIINEHHS €(PEKTHBHOCTI OXOJIOJKCHHS,
cTabii3anis BUMApHOTO MPOLIECy Ta 3MEHILIEHHS TEIJIOBUX BTPAT y MeXax poOoYoro
00’ emy.

KoHCTpyKTHBHO ~TeII00OOMIHHMK MICTUTh kopriyc (100), saxuit  popmye
30BHIIIHIA MPOCTIp amapaTa Ta CIYT'ye OCHOBOIO JIJISI PO3MIIICHHS BCIX BHYTPIIIHIX
(GYHKIIOHATBFHUX €JIEMEHTIB. Y BEpXHii a00 BXiHINA YaCTHHI CUCTEMHU PO3TAIIOBAHO
BXITHUN po3noninsHui By307d (101), yepe3 sikuit poboue cepeoBHINE MOAAETHCS Y
TEMJIOOOMIHHUK 1 PIBHOMIPHO PO3MOJAUISAETHCA MO BHYTPIIIHIX KaHamax. Jlami moTik

HAJXOAUTh Y BHUMNAapHy TeIiooOMiHHY 30HY (102), ska € OCHOBHOIO aKTHUBHOIO
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TUISTHKOIO, JI€ BiMOYBA€ThCS IHTCHCHBHE IIOTJIMHAHHS TEIUIOTH Ta BUITAPOBYBAHHS

poO0OUYOTO CcepeIoBHUIIIA.
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100 — kopmyc TeriooOMinHuKa, 101 — BXigHUN po3noaiibHUN By30d, 102 —
BUIapHa (TeriooOMiHHa) 30Ha, 103 — BHYTPIIIHI KaHAIU pyXy poOOYOro cepeoBHINa,
104 — 30Ha inTeHCcHupikalii TeroooMiny, 105 — eneMeHT kepyBaHHs Ta BUPIBHIOBAHHS

noToky, 106 — BuxiznHa 30ipHa 30Ha, 107 — BUxiguui Koiaektop, 110 — ocHOBHUM
TEIJI000OMIHHUNA MOAYJIb, 150 — 30BHIIIHIN 0XOJO0/KYBaIbHUN KOHTYP
Pucynok 3 — CxeMa TenooOMiHHUKA 3 BUTAPHUM OXOJIOKEHHSIM 1

0araTo30HHOIO OpraHi3alli€r MOTOKIB

Pyx cepenoBuiiia y Mexax MpUCTPOIO OPraHI30BaHO Yepe3 CUCTEMY BHYTPIIIHIX
ka"amiB (103), ski CHOPSAMOBYIOTH TOTIK Y3/IOBXK TEIIOOOMIHHMX TIOBEPXOHb 1
3a0e3neuyloTh HEOOXIIHMM 4Yac KOHTAKTy Mg €(PEeKTUBHOIO TEIIo00MiHYy. Y 30HI
inTeHcudikarii (104) cTBOPIOIOTHCS YMOBH MIABUIIEHOT TYpOYJIECHTHOCTI MOTOKY, II10
CIpusie pyWHYBaHHIO JIAMIHAPHOTO IIapy Ta MiABHUIIYE KOEQIIIEHT Teruionepenayi.
[Ticns 1bOro MOTIK MPOXOJUTH Yepe3 €JIeMEHT KepyBaHHA Ta BUpiBHIOBaHHS (105),
AKUW  CcTaOUT3ye TiAPOJAMHAMIYHI TapaMeTpH, 3MCHIIYIOUYd HEPIBHOMIPHOCTI
IIBUJIKOCTI Ta TEMIIEPATYpPH.

Jlami cepenoBuille HAAXOAWTHh y BUXiAHY 30ipHY 30HY (106), me BigOyBaeTbes

HOTO aKymyJIIOBaHHS TIEpe] BIJIBEICHHSM 13 CUCTeMH uepe3 BuxigHuil kosnektop (107).
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3aranpHUM TEIUIOOOMIHHUHN MPOIIEC peai3yeTbecs B Mexkax ocHOoBHOro monyis (110),
SKUA 00’eqHye BCl KIIOYOBI (PYHKIIIOHAJIbHI 30HW Ta 3a0e3mnedye Oe3nepepBHICTH
terutonepenavi. JlogatkoBo B cucTteMi mepeAadayeHo 30BHIIIHIA TEMI00OMiIHHMIA a0o
JOTIOMIKHUN  OXOJOMKyBaIbHUN KOHTYp (150), saxuii 3abe3rneuye miATpUMaHHS
HEOOX1THOTO TeMIIEpaTypHOT0 PEKUMY Ta IMABHUIIYE CTAOUIBHICTH POOOTH MPUCTPOIO.

Cytb MopzepHizallli mojsrae y CTBOPEHHI 0araTO30HHOI  CTPYKTypHU
TEIUIOOOMIHHMKA, B SKiM TMOCIIIOBHO PEATI3yIOThCS €Talld PO3MOALTY IOTOKY,
BUIIAPOBYBaHHs, IHTEHCU(DIKAIT TeII00OMIHY Ta cTabimi3allii BUX1IHOTO CEpEAOBHUIIIA.
Buxopucranns BumapHoi 30HM (102) no3Bosisie CyTT€BO NIJBUILUTH 1HTEHCUBHICTH
TETJIONIOTJIMHAHHS 32 paxyHOK (pa3zoBoro nepexonay, Tofl sk enementu (104) ta (105)
3a0€3MeuyloTh KepoBaHy TypOyi3aiilo Ta BHUPIBHIOBAHHS TMOTOKY, IO 3HUXKYE
TiApOAMHAMIYHI BTPATH Ta MIJBUIIYE 3aTalibHy €(heKTUBHICTH CUCTEMHU.

AHami3 ICHYIOYMX KOHCTPYKIIM JJ03BOJIS€ BU3HAYUTU OCHOBHI HAIpPSMKH iX
MOJIEpHI3alli, CHPAMOBaHI Ha I1HTEHCU(IKAII0 TEMIO- 1 MacOOOMIHY, 3HUKEHHS

E€HEPreTUYHUX BUTPAT Ta MIABUIICHHS HAAIMHOCTI poOOTH amapara.

Crnucok mitepatypu

1. Condensation system : CNI121702186A ; omy6n. 2026. — Pexum
IOCTYITY:
https://worldwide.espacenet.com/patent/search/family/099066684/publication/CN1217
02186A (nata 3BepHenHs 20.04.2026).

2. Heat exchanger production improvement : US20260098693A1 ; omyo0u.

2026. — Pexum JTOCTYIY:
https://worldwide.espacenet.com/patent/search/family/099315192/publication/US2026
0098693A1 (mara 3Bepuenns 20.04.2026).

3. Vapor cooling heat exchanger : US20260102734A1 ; ony6m. 2026. —

Pexum IOCTYITY:
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https://worldwide.espacenet.com/patent/search/family/099437762/publication/US2026
0102734A1 (nata 3BepHenns 20.04.2026).
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UDC 665.7

MODERNIZATION OF A LUBRICANT PRODUCTION PLANT WITH THE
DEVELOPMENT OF AN EVAPORATION COLUMN AND STEAM
GENERATOR

Student Ponomarev O.0., Assoc. Prof., Ph.D. Stepaniuk A.R.
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute"

Annotation: The areas of modernization for the lubricant production plant and
proposes the modernization of the steam generator to produce steam for the stripping
column are described.

Keywords: RECTIFICATION, OIL, EVAPORATOR, STEAM GENERATOR,
MASS EXCHANGE, HEAT EXCHANGE.

MOJAEPHI3ALISA YCTAHOBKHN BUPOBHUILITBA MACTHUJIA 3
PO3POBKOIO BIIITAPHOI KOJIOHU TA IAPOT'EHEPATOPA

Crynent ITonomaproB O.0O., go1l., k.T.H. CTtenaHtok A.P.
HauionanbHu TeXHIYHUI YHIBEPCUTET YKpaiHH

«KuiBcbKui noJtiTexHivHui iIHcTUTYT iMeHi Irops Cikopcbkoro»

AHoTaWisi: B Oanuiti pobomi onucamo Hanpamu MoOepHi3ayii YCMAaHOBKU
BUPOOHUYMEA MACMUid, 3aNPONOHOBAHO MOOepHi3ayilo napozeHepamopa  OJisl

CMBOPeHHsL 800SIHOL napu 0Jisl BIONAPHOI KOJIOHU.
Karwuosi caoBa: PEKTU®OIKAILIA, MACTUJIO, BIAITAPHA KOJIOHA,
ITAPOI'EHEPATOP, MACOOBMIH, TEITJIOOBMIH.
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Lubricants are a class of refined petroleum products used to reduce friction and
wear of mechanical parts, protect against corrosion, and ensure reliable operation of
machines, increasing their durability and efficiency. They can be divided by
consistency: more liquid (oils) and more plastic and thick (greases), which are better
retained in the friction zone and can perform a sealing function. Compared to most
fractions of crude oil (except fuel oil and asphaltenes), they have a high boiling point
(350-575°C). [1]

After the stage of removing phenol and cresol from the oil in the stripping
column, the product, along with a small amount of water, is fed into a centrifuge,
where phase separation occurs. The separated water is then directed to a steam
generator, where it is converted into steam by the application of heat and recirculated
back to the stripping column.

Water enters the tube space of the steam generator at a pressure of
approximately 0.3 MPa and a temperature of 130-140 °C. The water flow moves
inside the tubes of the tube bundle and transfers heat to the water in the intertube
space, causing it to evaporate. However, at relatively low flow rates of the heat transfer
fluid inside the tubes, laminar flow may develop.

In laminar flow, the fluid moves in ordered layers without significant cross-flow
mixing. At the same time, a thin hydrodynamic and thermal boundary layer forms
directly adjacent to the pipe wall, within which the flow velocity drops sharply to
practically zero. Since the thermal conductivity of water is relatively low, heat transfer
through this layer occurs primarily due to molecular heat conduction, which
significantly limits the intensity of heat exchange. As a result, the heat transfer
coefficient decreases, and the efficiency of the steam generator deteriorates.

In the master’s thesis titled “Modernization of a Lubricant Production Plant with
the Development of an Evaporation Column and a Steam Generator,” an improvement
to the steam generator’s tube bundle is proposed by installing a metal helical spring

inside each tube, as shown in Figure 1.1.
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Figure 1.1 — Spring in a steam generator tube bundle
The proposed improvement increases the heat transfer coefficient by disrupting

the steady laminar layer. A simplified two-dimensional diagram of the spring, shown

in Figure 1.2, is presented below.

LLLLTT T4

Figure 1.2 — Simplified 2D diagram of the spring’s arrangement

The spring installed inside the pipe, as shown in the diagram, acts as a flow
turbulator. As water flows through the pipe, the coils of the spring create local
obstacles that disrupt the orderly flow of the fluid. The flow begins to change

direction, swirl, and mix in the transverse direction. As a result, local vortices and
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secondary flows arise, which destroy or significantly reduce the thickness of the
laminar boundary layer near the pipe surface. In other words, the presence of the
spring increases hydrodynamic disturbances and effectively transforms the flow from
laminar to more turbulent, even at relatively low fluid velocities. This allows for a
significant increase in the heat transfer coefficient without a substantial increase in the

unit’s dimensions.
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4, Patent No. 121124 (UA), MPK 2006.01 F22B 1/02 ,. Steam generator
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VIK 66.099.2:631.8
REVIEW OF EQUIPMENT FOR GRANULATION
OF ORGANO-MINERAL FERTILIZERS
Kapuka O. D., PhD Haidai S. S.
National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT: The results of a patent search for equipment and methods for the
granulation of organo-mineral fertilizers are presented. Various types of apparatus,
such as fluidized bed granulators, roller extruders, are considered.

KEYWORDS: GRANULATION, ORGANO-MINERAL FERTILIZERS,
FLUIDIZED BED.

onisii ObJIATHAHHA AJ151 TPAHYJIFOBAHHSA
OPTAHO-MIHEPAJIBHUX T1OGPUB
Kanyka O. /1., I'aipgan C. C.
HaunionanbHuUil TeXHiYHUI YHIBEpCUTET YKpaiHH
«KuiBcbKui nmoJritexHiyHui iHcTutyT iMeHi Iropst Cikopcbkoro»

AHOTAIIA: Ilpeocmasneno pe3yibmamu nameHmHo20 NOWLYKy anapamis ma
cnocobié 2paHyno8aHHs OpP2aHO-MIHEpANbHUX 000pue. Pozenanwymo pizui munu
anapamis: 8i0 cucmem ncedo03pioHceH020 wapy 00 8aIKOBUX eKCmpyoepis.

KIOYOBI CJIOBA: I'PAHVYJIFOBAHHA, OPI'AHO-MIHEPAJIbHI
JIOBPUBA, IICEBJIO3PIJXKEHUI IITAP.

Currently, there are many devices and methods for granulating organo-mineral
fertilizers. A patent search has identified several types of devices that can be used to
facilitate the granulation process and produce a finished product of a specified shape.

A design for a fluidized-bed apparatus for producing fertilizer granules is

proposed in Patent [1] and shown in Figure 1.
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1 — granulation chamber; 2 — liquid-phase pipeline; 3 — pump; 4 — spray nozzles; 5 —
fluidized bed; 6 — air supply line; 7 — overflow partition; 8 — discharge pipe; 9 —
exhaust air outlet; 10 — cyclone; 11 — dust return line; 12 — exhaust fan; 13 — heater; 14
— blower; 15 — slurry tank; 16 — dosing unit; 17 — belt conveyor; 18 — elevator; 19 —
return feeder; 20 — seed hopper; 21 — vibrating screen; 22 — product fraction outlet; 23
— crusher; 24 — coarse fraction return line; 25 — finished product hopper; 26 — cooler;
27 — cooler fan; 28 — gate valve; 29 — flow meter; 30 — temperature sensor; 31 — heat
exchanger; 32 — control system.

Figure 1. Schematic of a fluidized bed granulation unit [1].

The apparatus is a complex system consisting of a granulation chamber 1, into
which air is supplied via a feed line 6 to create a fluidized bed 5. The liquid phase is
fed through pipeline 2 to a system of spray nozzles 4, which uniformly spray the solid
seed particles (return material) suspended in the fluidized bed. Exhaust air, together
with fine dust, exits through the upper pipe 9 and enters the cyclone 10, where the dust
settles and is returned to the process via the return line 11. The purified air is extracted

by fan 12. To maintain the temperature regime, the air is heated in the heater 13. The
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finished product is discharged through pipe 8, passes through screen 21, where it is

separated into the marketable fraction (sent to warehouse 25) and large agglomerates,

which are directed to crusher 23 and returned to the granulator.

The advantage of this apparatus is the high intensity of heat and mass transfer,

which allows for the combination of granulation and drying. However, when working

with viscous organo-mineral mixtures, there is a significant risk of clogging in the

working zone and the formation of agglomerates.

The design of the dry roller granulator according to Patent [2] is shown in

Figure 2.

72
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1 — main housing; 10 — front base; 11 — support frame; 12 — bearing assembly;

13 — drive shaft; 14 — driven shaft; 20 — rear base; 21 — rear support; 22 — support

plate; 30 — pressure wheel adjuster; 31 — hydraulic cylinder; 32 — spring assembly;

40 — feed mechanism; 41 — hopper; 50 — granulation mechanism; 51 — press roller;

60 — grinding mechanism; 61 — grinder blades; 62 — screen; 70 — transmission;

71 — gear wheel; 72 — coupling; 80 — discharge chute; 81 — outlet; 90 — motor;

330 — cooling channel.

Figure 2. Dry roller granulator [2].

152



36ipuuk Te3 gonosineir XXXVIII Beceykpainchbkoi HAayKkoBo-IpakTH4YHOI KOH(epeHii cTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepianiB”

The apparatus is based on a robust frame 1, which comprises a front base 10 and
a rear base 20. The material is fed through a feeding device (feeder) 40 with a hopper
41, where the raw material is pre-compacted. The granulation process takes place in
device 50 between the press rollers 51. Mechanism 30, which contains a hydraulic
cylinder 31 and a spring assembly 32, is used to regulate the compression force. After
pressing, the compressed slab enters the crushing device 60 with blades 61, where it is
broken into granules that pass through a screen 62 and are discharged through a chute
80. The movement of the working parts is provided by motor 90 via transmission 70.

The advantage of the apparatus lies in the absence of a need for moistening and
subsequent drying of the material. The main drawback is the rapid wear of the rollers
51 and high energy consumption.

The biomass pelletizer with a ring die, as described in Patent [3], is shown in

Figure 3.

5 — feed opening; 6 — discharge port; 16 — main shaft;
al — ring die opening; b1 — roller bearing.

Figure 3. Biomass pelletizer with a ring die [3].
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The machine contains a rotating main shaft 16, which drives the working
components. The raw material is fed through the feed opening 5 and forced through
the special openings al of the ring die by rollers with bearings bl. The finished
granules (pellets) are cut off and discharged through the discharge port 6.

The machine is ideal for fibrous organic materials, but has the drawback of
significant material heating due to friction in the al openings.

The roller granulation device for complex fertilizers, as described in Patent [4],
Is shown in Figure 4. The apparatus consists of a housing 1, on which a hopper 2 with
a mixer 3 is mounted. The feed of raw materials is regulated by a pneumatic cylinder
4, whose rod 5 moves an L-shaped gate 6, opening the opening 7. Pellet formation
occurs between the extrusion rollers 8 in hemispherical chambers 9. The apparatus is
equipped with a protective screen 15. The finished product is classified on a vibrating
screen 17: qualified granules exit through pipe 18, while fine dust is discharged
through pipe 19. Brushes 21 are mounted on shafts 20 to clean the rollers.

The advantage is the production of spherical granules. The disadvantage is the
possibility of material sticking in the cells 9, despite the presence of brushes 21.
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1 —housing; 2 — hopper; 3 — agitator; 4 — pneumatic cylinder; 5 — piston rod;
6 — L-shaped valve; 7 — feed opening; 8 — extrusion roller; 9 — hemispherical cell;
15 — protective screen; 16 — support frame; 17 — vibrating screen; 18 — product
discharge pipe; 19 — dust extraction pipe; 20 — round shaft; 21 — cleaning brush;
22 — rotating shaft; 27 — motor; 28 — gear; 29 — spring.

Figure 4. Roller device for extrusion granulation of fertilizers [4].
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The extrusion granulator for recycled materials, as described in Patent [5], is
shown in Figure 5. The apparatus comprises a granulation chamber 1 with a feed
opening 2, mounted on supports 3. The material is conveyed through the extrusion
cylinder 4 by a shaft 7. The drive is provided by a motor 5 via a gearbox 6 and a gear
system 8, 9. To heat the raw material, the cylinder is equipped with a heating jacket
20. After passing through the die 14, the pellets are cut off by a knife 15, cooled in a
bath 17 (water circulation is provided by pump 18), and discharged through opening
19. The apparatus also has a built-in pre-grinding unit, where a rotating shaft 804 with
a connecting rod 803 and bevel gears 801, 802 drives knives 805 and 806.

The advantage is the effective combination of the grinding and granulation

processes. The disadvantage is the high energy consumption required to operate the

heaing jacket 20.
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1 — granulation chamber; 2 — feed opening; 3 — support; 4 — extrusion cylinder;
5 — motor; 6 — gearbox; 7 — shaft; 8 — first gear; 9 — second gear; 10 — rotating rod;
11 — blade; 12 — bearing; 13 — heater; 14 — die; 15 — cutting blade; 16 — fan;
17 — cooling bath; 18 — water pump; 19 — discharge port; 20 — heating jacket;
21 — control panel; 801 — first bevel gear; 802 — second bevel gear; 803 — connecting
rod; 804 — rotating shaft; 805 — first grinding blade; 806 — second grinding blade.

Figure 5. Extrusion granulator for recycled materials [5].
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CONCLUSIONS:

Based on the results of the patent analysis, it has been determined that a
fluidized-bed apparatus design is the most promising for the granulation of organo-
mineral fertilizers. This type of equipment provides the best conditions for the

simultaneous formation and drying of the product.
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REVIEW OF HEAT EXCHANGER DESIGNS FOR BIOGAS PURIFICATION
PLANT
Koren D. O., Haidai S. S.
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: The paper considers the modernization of a biogas purification
unit through the improvement of a shell-and-tube heat exchanger. The proposed
method of flow intensification using guide baffles allows to increase thermal
efficiency, reduce energy consumption and improve the stability of the temperature
regime. The results of the modernization provide increased productivity and reliability
of the unit.

KEYWORDS: BIOGAS, HEAT EXCHANGER, SHELL ANDTUBE,
INTENSIFICATION, GUIDE BALLS, HEAT EXCHANGE EFFICIENCY.

OI'JIsSI KOHCTPYKIINA TEIVIOOBMIHHUKIB JIJISI YCTAHOBKHA
OYHIIIEHHSA BIOT'A3Y
Kopens /[I. O., I'aitgait C. C.
HauionanbHu TeXHIYHUI YHIBEPCUTET YKpaiHH

“ KuiBcbkui nmoJiitexHiyHui iHcTutyT iMeni Iropsa Cikopcebkoro ”

AHOTAIIA: YV pobomi po3ensanymo mooepHizayito YCMAaHOB8KU OYUUJeHHS
bioeaszy uepe3 800CKOHANICHHS KONHCYXOMPYOHO2O0 MEeNI00OMIHHUKA. 3anponoHO8aHull
Memoo iHmeHcugikayii nNoOmoKie 3a 00NOMO2010 HANPABIAIYUX NepecoPoOOK 003805€E

niogUWUMU  Meni08y  eQeKmueHicmos, 3HUSUMU  eHepeemuyHi  eumpamu  ma
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HOKpawumu cmaobilbHicms memnepamypHoz2o pexcumy. Pesynomamu mooepuizayii
3abe3neuyoms ni0GUWeHy NPOOYKMUBHICMb mMa HAOIUHICMb POOOMU YCIMAHOBKU.

K/IFOYOBI CJIOBA: BIOT'A3, TEIIJIOOSMIHHHUK, KOJKYXOTPYEHUM,
IHTEHCU®DIKALIIA, HAIIPABJIAIOY] IIEPEI'OPO/IKH, E®EKTUBHICTH
TEIIJIOOBMIHY.

In modern technologies for processing organic waste, biogas is considered an
important renewable energy source suitable for use in cogeneration plants, internal
combustion engines and for the production of heat and electricity. Biogas contains a
significant amount of impurities (primarily CO2, H.S and water vapor), which must be
removed to ensure stable operation of the equipment and minimize corrosion
processes. The efficiency of the processes of drying, cooling and purification of biogas
depends significantly on the quality of heat exchange that occurs in special devices -
heat exchangers.

Biogas purification plants must maintain optimal temperature conditions for
adsorption processes and moisture condensation. Accordingly, the heat exchanger is a
key element of the plant; its efficiency directly affects energy consumption, operating
costs and technical reliability of the entire system. Traditional shell-and-tube heat
exchangers often have insufficient thermal performance due to a low heat transfer
coefficient, which limits the plant's productivity and increases energy costs.

An implementation option for an improved shell-and-tube heat exchanger was
proposed by the authors of the patent [1] and is shown in Figure 1.

The apparatus is a tube bundle 30, consisting of separate tubes 32 fixed in the
lower plate 41. In the upper part of the structure there is a distribution element 42,
through which the medium is supplied or processed. The space of the apparatus is
conventionally divided into a lower zone 51 and an upper zone 52, which differ in the
conditions of the process. A working tool or device 62 may be placed above the tube

bundle, which performs a technological function, for example, supply, processing or
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flow formation. The level of the working medium in the apparatus is indicated by the
line 76.

A tube bundle 30 with vertically oriented tubes 32, which pass through the plate
41 and interact with the distribution zone 42. The upper zone 52 shows the nature of
the movement and distribution of the medium in the form of turbulent flows, which are
formed due to the design features of the element 42. The lower zone 51 performs the

function of stabilizing the flow before entering the tube bundle.

L4 : -n
=32
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30 — tube bundle, 32 — tubes, 41 — support (tube) plate, 42 — distribution (guide)
element, 51 — lower zone of the apparatus, 52 — upper zone of the apparatus
(turbulization zone), 62 — feeding device, 76 — working medium level

Figure 1. Shell and tube heat exchanger [1]

The advantages of the proposed technical solution include an increase in the
intensity of heat exchange due to the turbulence of the flow in the upper zone 52, a
more uniform distribution of the medium between the pipes 32, which reduces local
overloads of the tube bundle 30, as well as a reduction in stagnant zones that
negatively affect heat transfer. The design contributes to increasing the efficiency of
the use of the heat exchange surface and can provide more stable hydrodynamic
operating conditions. In addition, the possibility of using an additional element 62

expands the functional capabilities of the device.
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However, the design has certain disadvantages. Complicating the geometry of
the distribution element 42 can lead to an increase in the complexity of manufacturing
and an increase in the cost of the device. The turbulent mode in the zone 52 may be
accompanied by an increase in hydraulic resistance, which requires additional energy
costs. The presence of additional elements in the upper part of the device can
complicate the cleaning and maintenance process, especially when working with
contaminated media. Increased wear of elements in the zone of intensive flow is also
possible.

The principle of operation is that the working medium is fed into the upper part
of the apparatus and through the distribution element 42 is evenly directed to the pipes
32. Due to the special design of the zone 52, the flow acquires a turbulent character,
which contributes to the intensification of heat or mass transfer. Next, the medium
passes through the tube bundle 30, where the main heat transfer process occurs, after
which it stabilizes in the lower zone 51. The level of the liquid or medium is controlled
by the line 76.

The essence of the modernization is to improve the upper distribution element
42, which provides a more uniform flow distribution between the pipes 32 and creates
turbulent zones in the upper part 52. This allows you to avoid uneven loading on the
tube bundle 30, reduce stagnant areas and increase the efficiency of the process.
Additionally, the use of the working element 62 allows you to influence the flow
structure or carry out technological processing directly in the distribution zone.

An implementation option for a heat exchange element for chemical production

was proposed by the authors of the patent [2] and is shown in Figure 2.
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17 16

1 — heat exchange surface, 2 — profiled (wavy) wall, 3 — inlet section, 4 — initial
curvilinear zone, 5 — depression zone (depression), 6 — rising section of the profile, 7 —
wave crest, 8 — falling section, 9 — characteristic width of the depression, 10 — zone of

intensive heat exchange, 11 — geometric parameter of the profile, 12 — direction of
flow, 15 — turbulating element, 16 — zone of interaction of flows, 17 — zone of
intensive turbulization
Figure 2. Scheme of the heat exchange element [2]

The proposed design is a profiled heat exchange surface 1, which is formed by a
wavy wall 2, which forms a sequence of depressions and protrusions to intensify the
heat exchange process. The left part of the profile contains the inlet section 3, which
passes into the curvilinear zone 4, where the primary flow distribution is formed. Next
Is the depression zone 5, which provides accumulation and direction of the medium.
The central part of the structure includes the rising section 6 and the crest of the wave
7, which is the key zone of flow turbulence. After that, the flow passes into the falling
section 8 and again into zone 5.

In the upper part of the profile, a conditional area 10 is allocated, which
characterizes the zone of active heat exchange. Within this area, characteristic
geometric parameters are marked, in particular sections 9 and 11, which determine the
width and shape of the depression. The flow movement in the system is shown by the
arrow 12, which reflects the direction of movement of the medium along the heat

exchange surface.
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A feature of the structure is the presence of a vertical element 15, located in the
zone of maximum profile rise. In its lower part, a zone of interaction of flows 16 is
formed, which is limited by the area 17. It is in this zone that intensive mixing of the
medium and destruction of the laminar sublayer occur.

The principle of operation is that the working medium moves along the profiled
surface 2 in the direction indicated by the arrow 12. Due to the wavy shape of the
surface, periodic acceleration and deceleration of the flow occurs in zones 5, 6 and 8,
which leads to the appearance of local vortices. In the area of the apex 7 and near the
element 15, intense turbulence is formed, which increases the heat transfer coefficient.
Area 16 is the zone of the most active mixing, where the destruction of the boundary
layer occurs and heat transfer is improved.

The essence of the technical solution lies in the special profiling of the heat
exchange surface 2 and the introduction of an additional element 15, which allows you
to control the flow structure. This ensures more efficient use of the heat exchange
surface 1, reduction of stagnant zones and increased heat transfer intensity. Such
solutions are especially relevant for chemical production, where heat exchangers are
widely used for heating, cooling and condensation of media.

The advantages of the proposed design include an increase in the heat transfer
coefficient due to flow turbulence in zones 7 and 16, a more uniform distribution of
the medium over the surface 1, a reduction in the thickness of the boundary layer and
intensification of heat exchange without a significant increase in the dimensions of the
device. The design also allows you to increase the efficiency of the equipment in
chemical production processes, where precise temperature control is important.

Disadvantages may include the complexity of manufacturing the profiled
surface 2 and element 15, an increase in hydraulic resistance due to the intensification
of turbulence, as well as the possible accumulation of deposits in zones 5 and 17,

which complicates cleaning of the device during operation.
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The implementation of a shell-and-tube heat exchanger for chemical production

was proposed by the authors of the patent [3] and is shown in the figure.

e

1 — heat exchanger casing, 4 — coolant supply/return pipes, 6 — flange
connection, 12 — drain pipe, 16 — outlet pipeline, 17 — lower connection flange
Figure 3. Horizontal heat exchanger [3]

The device is made in the form of a horizontal cylindrical casing 1, inside which
a tube bundle is placed (not shown in section in the figure). Casing 1 is mounted on
supporting elements and equipped with mounting lugs for installation. On the upper
part of the device, there are pipes 4 for supplying and removing one of the coolants.
On the left side of the device there is a detachable cover 3, which is attached using a
flange connection 6 and provides access to the internal tube bundle for maintenance
and cleaning.

In the lower right part of the casing, a medium removal unit is provided, which
includes a drain pipe 12, a connecting pipeline 16 and a lower flange 17 for connection
to the system. This design allows for effective removal of condensate or working fluid
from the apparatus during operation.

The principle of operation of the heat exchanger is based on the classical scheme
of a shell-and-tube apparatus, where one coolant moves inside the tubes, and the other
in the intertube space of the casing 1. Heat transfer occurs through the tube walls due

to convection and thermal conductivity. Such heat exchangers are widely used in the
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chemical industry due to their ability to operate at high temperatures and pressures and
to provide effective heat exchange without mixing of media.

The essence of this technical solution is to improve the design of the housing
and auxiliary units of the heat exchanger. In particular, an optimized arrangement of
the nozzles 4 is provided to improve flow distribution, as well as a special medium
removal unit (12, 16, 17), which allows for effective removal of condensate or liquid
residues from the lower part of the apparatus. This helps prevent liquid accumulation,
reduce corrosion processes and increase the efficiency of the heat exchanger. The
detachable cover 3 with a flange connection 6 provides convenience for maintenance
and repair.

The advantages of the proposed design include increased reliability of operation
due to effective removal of the medium from the lower part of the apparatus,
convenience of maintenance due to the presence of a detachable cover 3, as well as the
possibility of operation in conditions of high temperatures and pressures. The design
helps reduce stagnant zones and improve hydrodynamic conditions in the casing 1.

The disadvantages may be the relatively large dimensions of the apparatus, the
complexity of manufacturing flange connections 6 and additional units 12, 16, 17, and
also a possible increase in hydraulic resistance due to the presence of additional
elements. In addition, during operation, deposits may form in the tube bundle, which
requires periodic cleaning.

The heat exchange element proposed in the patent [4] belongs to the class of
intensified heat exchange surfaces and is a finned tubular system designed to increase
the efficiency of heat transfer between two media.

According to Figure 4, the design includes three main elements: tube 1, fins 2
and outer shell. The central element is the heat exchange tube 1, which performs the
function of an internal channel for the movement of one of the coolants. It has a

cylindrical shape and is made of a material with high thermal conductivity. It is
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through the wall of the tube 1 that the primary heat transfer from the internal medium

to the external structural elements occurs.

1 — heat exchange tube (main carrier tube), 2 — fins (heat transfer fins)
Figure 4. Finned heat exchange tube [4]

On the outer surface of tube 1 there is fin 2, which is a system of longitudinal
metal fins of complex geometry. Fin 2 is tightly connected to tube 1 and performs
several functions at once: it significantly increases the heat exchange area and
simultaneously affects the nature of the coolant movement in the inter-fin space. Due
to the presence of internal channels in fins 2, the flow becomes more turbulent, which
contributes to the intensification of heat transfer and a decrease in the thickness of the
thermal boundary layer.

The outer element of the structure is the shell, which is placed over fins 2 and
forms closed or partially limited channels for the movement of the second coolant. The
shell performs the function of organizing the flow, ensuring its directional movement
along the axis of the tube 1, as well as its uniform distribution over the surface of the
fins 2. This allows you to avoid stagnant zones and improve the overall efficiency of
heat exchange.

The principle of operation of this heat exchange element is based on the transfer
of heat between two flows that are separated by the wall of the tube 1. One coolant
moves inside the tube 1, while the second passes in the inter-rib space formed by the

fins 2 and limited by the shell. The heat transfer process occurs sequentially: first, heat
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Is transferred from the internal medium to the wall of the tube 1, then through the tube
material to the base of the fins 2, after which it spreads over the surface of the fins and
Is transferred to the external flow that moves in the channels formed by the shell.

Due to the complex geometry of the fins 2, local vortices arise in the flow,
which enhance the mixing of the medium and intensify heat transfer. At the same time,
the shell stabilizes the movement of the coolant and ensures its uniformity, which
allows maintaining a stable thermal regime along the entire length of the structure.

The main advantages of such a design include high heat transfer intensity, which
Is achieved due to the simultaneous increase in surface area (due to fins 2) and flow
turbulence. Another important advantage is the compactness of the design, since the
tube 1 with fins 2 allows for high thermal performance with relatively small
dimensions. The shell additionally improves the hydrodynamic operating conditions,
reducing the uneven distribution of the flow.

However, the design also has certain disadvantages. The complexity of
manufacturing fins 2 with internal channels complicates the technological process and
increases the cost. The presence of narrow channels in the fin zone 2 can lead to their
contamination and the formation of deposits, which reduces the efficiency of
operation. which increases energy costs for pumping media.

The design from the patent [5] refers to a heat exchange element with an
intensified heat exchange surface, designed to increase the efficiency of heat transfer
between two working media by organizing a controlled flow and increasing the heat
exchange area.

The main element of the design (Figure 5) is a heat exchange tube (20), which
performs the function of an internal channel for the movement of one of the coolants.
The tube (20) provides the transfer of heat flow through its wall and is the supporting
base for all elements of heat exchange intensification. In separate zones of the design,
it may have extensions or technological sections, designated as (20a), which are used

to connect or transition between the structural elements of the heat exchange module.
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20 — heat exchange tube; 20a — transition section of the tube; 27 — fixing
element; 28 — guide element; 30 — outer casing (casing); 31 — connecting node;

40 — intensifying heat exchange element; 50 — inlet pipe; 51 — outlet pipe

Figure 5. Heat exchange element with heat exchange intensification [5]

On the outer surface of the tube (20) are fixed profiled heat exchange elements
in the form of intensifying inserts or ribs that form a complex heat exchange surface.
These elements contribute to the development of flow turbulence and an increase in
the effective heat transfer area.

A casing or guide element (30) is located around the heat exchange zone, which
forms the external channel for the movement of the second coolant. The element (30)
provides geometric restriction of the flow and its direction along the working surface
of the tube (20), which allows achieving uniform velocity distribution and reducing
stagnant zones.

The design also provides elements for fixing and directing the flow, in particular
components (27) and (28), which perform the auxiliary function of holding the heat
exchange insert in a given position and ensuring the correct organization of the flow in
the heat exchange zone. These elements can be structurally connected to the housing
(30) and the inner tube (20), ensuring the rigidity and stability of the entire system.
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Additionally, the design uses an element (31), which performs the function of a
final or connecting node, ensuring sealing, fixing or transition of the flow between
individual sections of the heat exchange apparatus. Element (31) can also affect the
flow distribution at the outlet of the heat exchange zone, stabilizing the hydrodynamic
operating conditions.

The principle of operation of the design is based on heat transfer between the
internal flow moving in the tube (20) and the external flow passing in the channel
formed by the housing (30). Heat is transferred through the tube wall (20), then
spreads through the intensifying elements and passes to the external coolant. Due to
the geometry of the internal elements and the presence of profiled surfaces, flow
turbulence occurs, which significantly reduces thermal resistance. Elements (27) and
(28) contribute to the correct organization of the movement of the medium, while the
housing (30) ensures its stable direction, and the node (31) maintains the
hydrodynamic integrity of the system.

The advantages of this design include increased heat transfer intensity due to the
developed heat exchange surface and artificial flow turbulence. Another important
advantage is the possibility of compact layout of the heat exchange module with high
thermal efficiency. The use of the guide housing (30) and auxiliary elements (27), (28)
and (31) allows you to stabilize the flow and reduce the unevenness of heat exchange
along the length of the structure.

The disadvantages are the complexity of the design of the internal elements and
the need for high precision manufacturing of the tube (20) and auxiliary components
(27, 28, 31). Also, the complex geometry of the flow channels can lead to increased
hydraulic resistance, which increases the energy costs for pumping media. In addition,
the design is potentially sensitive to contamination of the internal channels and

requires complex maintenance.
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CONCLUSIONS:

The analyzed methods of heat exchange intensification (turbulization, profiling,
and finning) allow for a significant increase in the efficiency of biogas purification, but
require a compromise in terms of increasing hydraulic resistance and the complexity of

equipment manufacturing.

REFERENCES

1. DE 102025110850 B3. Heat exchanger production improvement
[EnexTpoHHHMiA pecypc]. — Pexum JOCTYILY:
https://worldwide.espacenet.com/patent/search/family/099224995/publication/DE1020
25110850B3

2. DE 102024129500 Al1. Heat exchanger for chemical production

improvement [EnexTpoHHMi pecypcl]. - Pexum JOCTyIYy:
https://worldwide.espacenet.com/patent/search/family/099224726/publication/DE1020
24129500A1

3. CN 224065977 U. Shell-and-tube heat exchanger for chemical production

[EnextpoHHuMit pecypc]. — Pexum JOCTYIY:
https://worldwide.espacenet.com/patent/search/family/099198339/publication/CN2240
65977U

4. CN 223985632 U. Finning of heat exchange tubes [Enexkrponnuit

pecypc]. — Pexxum JOCTYIY:
https://worldwide.espacenet.com/patent/search/family/098972651/publication/CN2239
85632U

5. WO 2026069925 Al. Heat exchanger with enhanced heat transfer

elements [EnexTpoHHUMi pecypc]. - Pexum JOCTyIYy:
https://worldwide.espacenet.com/patent/search/family/098005921/publication/W0202
6069925A1

169


https://worldwide.espacenet.com/patent/search/family/099224995/publication/DE102025110850B3
https://worldwide.espacenet.com/patent/search/family/099224995/publication/DE102025110850B3
https://worldwide.espacenet.com/patent/search/family/099224726/publication/DE102024129500A1
https://worldwide.espacenet.com/patent/search/family/099224726/publication/DE102024129500A1
https://worldwide.espacenet.com/patent/search/family/099198339/publication/CN224065977U
https://worldwide.espacenet.com/patent/search/family/099198339/publication/CN224065977U
https://worldwide.espacenet.com/patent/search/family/098972651/publication/CN223985632U
https://worldwide.espacenet.com/patent/search/family/098972651/publication/CN223985632U
https://worldwide.espacenet.com/patent/search/family/098005921/publication/WO2026069925A1
https://worldwide.espacenet.com/patent/search/family/098005921/publication/WO2026069925A1

36ipuuk Te3 gonosineir XXXVIII Beceykpainchbkoi HAayKkoBo-IpakTH4YHOI KOH(epeHii cTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepianiB”

VK 66.048.3:66.045.1:661.722

A REVIEW OF DEFLAMMATION UNIT DESIGNS FOR ETHANOL
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ABSTRACT: An analysis of existing heat exchange equipment designs for use
as a dephlegmator in an ethanol production plant was conducted.
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The efficiency of a rectification column’s dephlegmator directly determines the

quality of the separation of alcohol mixtures and the energy efficiency of the process,
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which necessitates an analysis of existing design solutions and the selection of the
optimal option for modernization.

The most common design of heat exchangers is the shell-and-tube deflagrator,
the principle of operation and structure of which are shown in [1], Figure 1.
Structurally, the apparatus consists of a shell, a tube bundle, baffles and headers, which

ensure the movement of heat transfer fluids in counter-current or co-current modes.
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Figure 1. Diagram of a shell-and-tube heat exchanger [1]

This design of a shell-and-tube heat exchanger is characterized by a high level
of reliability, due to its structural simplicity, the absence of complex moving parts, and
its ability to operate continuously under varying temperature and hydrodynamic
conditions. Ease of manufacture is achieved through the use of standardized
components, such as tube bundles, shells and tube grids, which allows this type of unit
to be widely used in industry, particularly in alcohol production. Furthermore, the
design facilitates maintenance, as access to the main elements of the heat transfer
surface can be provided by removing covers or individual sections of the apparatus,
which simplifies preventive maintenance and the cleaning of internal surfaces from
deposits.

At the same time, a significant drawback of such units is the relatively low heat
transfer intensity, which is due to the laminar or weakly turbulent flow regime of the
heat transfer fluids within the tube space, as well as the limited heat transfer surface
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area when using smooth tubes. This, in turn, necessitates an increase in the length of
the tubes or the number of tubes in the bundle, which directly affects the overall
dimensions of the apparatus, its weight and manufacturing cost, and also complicates
the integration of such equipment into existing process flows.

In order to improve the efficiency of heat transfer processes and eliminate the
aforementioned shortcomings, the authors [2] have proposed the use of heat exchange
tubes with an enhanced surface area, in particular finned tubes, which provide a
significant increase in the specific heat exchange area.

Structurally, such tubes have additional fins, as shown in Figure 2, located on
the outer or inner surface, which helps to intensify heat transfer by increasing the
contact area between the heat transfer fluids. The use of finned tubes allows the heat
transfer coefficient to be increased without a significant increase in the dimensions of
the apparatus, which is an important advantage in conditions of limited production

space.

Figure 2. Design of a finned heat exchange tube [2]

Furthermore, the presence of fins promotes partial flow turbulence, which
further improves the heat transfer characteristics of the unit. At the same time, the use
of finned tubes is associated with a number of technical and operational limitations. In
particular, the manufacturing process is more complex and requires the use of
specialised equipment, which increases the unit’s production cost. During operation,

the space between the fins is prone to the accumulation of contaminants, deposits and
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corrosion products, which leads to a reduction in heat transfer efficiency over time and
requires regular cleaning.

Cleaning such surfaces is complicated by their complex geometry, which may
require the equipment to be shut down and the use of special flushing methods or
mechanical cleaning. Thus, despite their high heat transfer characteristics, finned tubes
are not always the optimal solution for conditions where ease of maintenance,
reliability and long-term operational stability of the unit are important.

The advantage of using finned tubes in heat exchanger designs is a significant
Increase in heat transfer intensity, achieved by substantially increasing the heat transfer
surface area without a corresponding increase in the equipment’s dimensions. The fins
located on the surface of the tubes provide additional contact area between the heat
transfer fluids, which helps to improve heat transfer efficiency, particularly in cases
where one of the heat transfer fluids has a low thermal conductivity or is in a gaseous
state. Furthermore, the presence of fins contributes to a certain intensification of
hydrodynamic processes, as the nature of the flow around the surface changes, which
may be accompanied by local disruption of the laminar boundary layer. At the same
time, the use of finned tubes is accompanied by a number of significant drawbacks that
limit their widespread application in conditions of long-term industrial operation. First
and foremost, it is worth noting the complexity of the manufacturing technology for
such tubes, which requires the use of specialized equipment and high precision in fin
forming, which, in turn, leads to an increase in the cost of the finished product. A
significant operational drawback is the tendency of the inter-fin space to accumulate
contaminants, in particular corrosion products, mechanical impurities and deposits
formed during operation. This leads to a reduction in the effective heat exchange area
and a gradual decrease in the heat transfer coefficient. Cleaning such surfaces is a
technically challenging process, as the complex geometry of the fins makes it difficult
to access soiled areas, often requiring the use of specialized cleaning methods or a

complete shutdown of the equipment. Thus, despite their high heat transfer
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characteristics, finned tubes have limitations regarding their use in conditions where
operational stability and ease of maintenance are important.

Another effective approach to enhancing heat transfer is to increase the
turbulence of the coolant flow, which allows for a significant increase in the heat
transfer coefficient without a substantial increase in the heat transfer surface area. The
authors [2] have proposed a design for a heat exchanger utilizing baffles and special
turbulation elements that alter the flow path and ensure repeated mixing. The baffles,
shown in Figure 3 and located in the inter-tube space, force the coolant to move along
a complex trajectory, accompanied by alternating zones of flow acceleration and
deceleration, as well as the disruption of the boundary layer on the heat exchange
surface. This contributes to the intensification of the heat transfer process and an
increase in the overall efficiency of the unit. Additionally, internal turbulators installed
directly within the tubes may be used; these create vortex flows and ensure a more
uniform distribution of the temperature field.

However, despite a significant increase in heat transfer intensity, the use of such
design solutions also has certain drawbacks.

The main one is a substantial increase in hydraulic resistance, which necessitates
an increase in the capacity of the pumping or compressor equipment to ensure the

required coolant flow rates.
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Figure 3 — Heat exchanger with partitions [2]

This, in turn, leads to increased energy consumption and a reduction in the
overall economic efficiency of the process. Furthermore, the increased complexity of
the apparatus’s design may adversely affect its reliability and maintainability, as the
presence of additional components increases the likelihood of wear or damage during
operation. Thus, the use of baffles and turbulators is effective in terms of intensifying
heat transfer, but requires careful justification, taking into account the trade-off
between increased thermal efficiency and rising energy and operating costs.

The use of heat exchangers with baffles and turbulence-inducing elements
makes it possible to significantly increase the heat transfer coefficient by intensifying
the hydrodynamic processes within the coolant flow. Changing the flow path,
repeatedly mixing the flow and disrupting the boundary layer on the heat transfer
surface help to improve heat transfer conditions and make more efficient use of the
heat transfer surface. However, achieving this effect is accompanied by a number of
negative factors, the most significant of which is an increase in the system’s hydraulic
resistance. The increase in the resistance to coolant flow necessitates the use of more

powerful pumping or compressor equipment to ensure the required flow rates, which,
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in turn, leads to increased energy consumption. Furthermore, the increased complexity
of the apparatus’s design due to the introduction of additional elements reduces its
operational reliability, increases the likelihood of wear on individual components, and
complicates maintenance and repair. In some cases, this may necessitate frequent
equipment shutdowns, which negatively impacts the continuity of the technological
process.

In this regard, a promising avenue for improving heat exchangers is the use of
profiled tubes, the design features of which are described in [4]. A characteristic
feature of such tubes is the presence of a specially shaped geometry of the inner or
outer surface in the form of helical grooves, as shown in Figure 4, protrusions or wave-
like elements, which ensure the formation of local turbulent zones in the coolant flow.
Unlike the use of separate turbulators, profiling the surface of the pipes allows for the
intensification of heat transfer without the introduction of additional structural
elements, which simplifies the overall design of the apparatus. As the coolant flows
through such tubes, the laminar boundary layer is disrupted, giving rise to secondary
flows and vortex structures, which contribute to a more uniform temperature
distribution across the flow cross-section and an increase in the heat transfer
coefficient. An important advantage of profiled tubes is that the intensification of heat
transfer is achieved with a relatively minor increase in hydraulic resistance compared
to designs using baffles or turbulators. Furthermore, the absence of complex internal
components reduces the likelihood of contamination build-up and simplifies the
process of cleaning surfaces during operation. Thus, the use of profiled tubes ensures
an optimal combination of high heat transfer intensity, moderate energy consumption
and a sufficiently simple and reliable design, making them suitable for use in the

modernizations of dephlegmators in rectification plants.
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Figure 4 — Profiled heat exchange tube [3]

The use of profiled tubes in heat exchanger designs is an effective way of
enhancing heat transfer processes without the need for additional structural elements,
such as turbulators or complex baffle systems. A distinctive feature of such tubes is
their specially shaped surface geometry, which alters the hydrodynamic structure of
the coolant flow without significantly complicating the apparatus design. As the
coolant flows over the profiled surface, the laminar boundary layer is disrupted, local
vortex zones are formed and secondary flows arise, which promotes more intensive
mixing of the flow and equalization of the temperature field. This, in turn, leads to an
increase in the heat transfer coefficient and more efficient utilization of the heat
exchange surface.

A key advantage of using profiled pipes is that enhanced heat transfer is
achieved without a significant increase in the system’s hydraulic resistance. Unlike
designs with internal turbulent elements or complex baffles, which significantly
impede the flow of the heat transfer fluid, the profiled surface of the pipes ensures a
smoother change in flow structure, allowing pressure losses to be kept at an acceptable
level. This is an important factor in terms of energy efficiency, as it does not require a
significant increase in the capacity of pumping or compressor equipment to ensure the
necessary coolant flow rates. Thus, the use of profiled pipes allows an optimal balance
to be achieved between increasing heat transfer intensity and the energy costs of
transporting coolants.

Furthermore, profiled pipes do not create distinct areas of stagnation or
accumulation of contaminants, which is a common drawback of finned surfaces or

structures with complex internal geometries. The absence of narrow inter-fin channels
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and hard-to-reach areas helps to reduce the accumulation of impurities, corrosion
products and other contaminants on the heat exchange surface. This ensures more
stable heat exchange characteristics of the unit over a long period of operation and
reduces the need for frequent maintenance and cleaning. It should also be noted that
the simplified design and the absence of separate turbulence-inducing elements
increase the reliability of the equipment, reduce the likelihood of mechanical damage
and facilitate repair work. Taken together, these factors determine the suitability of
using profiled tubes in the modernization of dephlegmators, as they ensure improved
heat transfer efficiency, reduced operating costs and better overall technical and

economic performance of the unit.

CONCLUSIONS:

The analysis has shown that shell-and-tube heat exchangers are characterized by
high reliability and ease of operation, but have a low heat transfer rate; The use of
finned tubes increases the heat transfer area, but complicates the design and makes
cleaning more difficult; the use of turbulators and baffles increases the heat transfer

coefficient, but is accompanied by a significant increase in hydraulic resistance.
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Abstract: The experimental change in the mass of a paper sample with a
dryness of 94% under infrared radiation was considered. Based on the results of
continuous mass recording over 816 s, a mass decrease from 0.743 to 0.611 g was
established, which corresponds to a total loss of 0.132 g or 17.77%. It was shown that
the kinetic curve has a descending character with a transition from a faster initial
stage to a slower final stage. The obtained dependences can be used to estimate the
rational duration of infrared treatment of paper materials.

KEYWORDS: PAPER, INFRARED RADIATION, MASS CHANGE,
DRYING, KINETICS, HEAT TREATMENT.

JTECTPYKTHUBHI 3MIHHU ITAITEPY 3A TEPMOPAIIAIIIMHOT O
BILJINBY
K.1.H., nouent Hooxat O.A.

AHoTauis: Poszensanymo excnepumeHmanvbHy 3MIHYy Macu 3paska nanepy nio
dicro iHhpauep8oHo20 BUNPOMIHIO8AHH. 3a pe3yibmamamu be3nepepsHoi peccmpayii
macu ynpoooeadic 816 ¢ ecmanosneno ii cnao 6io 0.743 0o 0.611 2, wo sionogioae
cymaprini. empami 0.132 2 abo 17.77 %. Illokazano, wo KinemuuHa Kpusa Mae
BUPAdICEHULI CNAOHULL XapaKmep i3 NOCMYNOBUM 3MEHULeHHAM W8UOKOCMI npoyecy ma
O3HaKamu nepexooy 8i0 weuouloi no4amxkosoi cmaodii 00 NOBLIbHIUOI 3a8ePUUATIbHOI.
Ompumani 3aned)cHoCmi MONCYMb OYMU 8UKOPUCMAHT 011 OYIHIOBAHHS PAYIOHATbHOL

mpusaiocmi iHgpauep8oHo2o 0OPoO.IeHHs NANePosUX Mamepiais.
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KJIIOYOBI CJOBA: TIAIIIP, [HOPAYEPBOHE BUITPOMIHIOBAHHA,
3MIHA MACH, CYIIIHHA, KIHETUKA, TEPMOOBPOLBKA.

Infrared radiation is one of the promising methods of heat supply to thin sheet
materials, since it provides rapid surface heating and makes it possible to intensify
drying and heat-treatment processes. For paper, it is important to determine the nature
of mass change over time under such exposure, since this makes it possible to assess
the intensity of moisture removal, identify the characteristic stages of the process, and
substantiate the rational treatment duration.

The aim of this study was to analyze the experimental dependence of paper mass
on time under the action of infrared radiation.

The experimental dataset contained 817 successive measurements; time was
given in seconds and mass in grams. Based on the primary data, the dependences m =
f(t), Am = f(1), and m/mo = f(t) were constructed. The initial mass of the sample was
0.743 g, and by the end of the observation period of 816 s it had decreased to 0.611 g.
The absolute mass loss was 0.132 g, which corresponds to 17.77% of the initial value.

According to the experimental data, graphical dependences were constructed
(Figs. 1-3).

Figure 1 - Dependence of paper mass on time under infrared radiation
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Figure 2 - Dependence of paper mass loss on time under infrared radiation
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Figure 3 - Dependence of relative paper mass on time under infrared radiation

The experimental points demonstrate a generally monotonic decreasing
character of mass change, although slight local fluctuations typical of continuous
weighing are observed. To interpret the process kinetics, the experimental data were
approximated by two straight lines corresponding to two stages of the process.

An approximate inflection point is observed near 411 s, indicating a transition
from a faster initial stage to a slower final stage. This behavior may be associated with
more intensive removal of freer or weakly bound moisture at the initial stage and a

subsequent increase in the internal resistance to mass transfer.
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The average rate of mass change in the first section was about 1.87 x 10™* g/s,
whereas after the transition it was 1.11 x 10™* g/s; thus, at the beginning the process
proceeded approximately 1.68 times more intensively. Such behavior may be
associated with faster removal of freer or weakly bound moisture at the initial stage
and with a gradual increase in the internal resistance to mass transfer thereafter.

The constructed graphical dependences make it possible to clearly trace the
Kinetics of mass change and determine the moment after which a further increase in
treatment time is accompanied by a significantly smaller gain in effect.

Thus, under infrared radiation the mass of paper decreases regularly over time,
and the kinetics of the process show signs of two-stage behavior, which should be
taken into account when selecting IR-treatment conditions. The obtained results can be
used to substantiate the rational duration of drying or thermal treatment of paper, as
well as an experimental basis for further mathematical modeling of the mass-transfer

process.
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DESIGN WAYS TO INTENSIFY HEAT EXCHANGE IN HEAT STORAGE
EQUIPMENT WITH PCM
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ANNOTATION. The main design approaches to heat transfer intensification in
heat storage equipment based on phase change materials are considered. It is shown
that the low thermal conductivity of PCM is one of the main factors limiting the
efficiency of charging and discharging heat storage devices. The use of ribs, metal
foams, fillers, modified surfaces and rational arrangement of heat exchange elements
is analyzed. It is substantiated that the most promising practical direction is geometric
intensification of heat exchange, aimed at increasing the area of the heat exchange
surface and reducing the characteristic heat transfer path in the volume of PCM.

KEYWORDS: HEAT STORAGE, PHASE CHANGE MATERIAL, PCM,
HEAT TRANSFER, HEAT TRANSFER INTENSIFICATION, EXCESS HEAT.

KOHCTPYKTHMBHI LLIJIAXY IHTEHCU®IKALII TEIIJIOOEMIHY B
TEIIJIOAKYMVYIJIIOIOYOMY OBJIAJIHAHHI 3 PCM
Acmipant A.B. Tapacenko, K.T.H., fouieHT A. P. Crenaniok
HauionanbHu TeXHIYHUI YHIBEPCUTET YKpaiHH

«KuiBcbKui noJtiTexHivHui iIHcTUTYT iMeHi Irops Cikopcbkoro»

AHOTAIIA.  Pozenasnymo  OCHOB8HI  KOHCMPYKMUGHI — NiOX00U 00
iHmeHcugikayii. meniooOMIHY 6 Meni0aKyMyatonuoMy O00JNAOHAHHI HA OCHO8I
Gazozminnux mamepianis. Ilokazano, wo Huzbka menionpogionicme PCM € 00num i3
20JIOBHUX (haKMOpPI8, AKI 0OMeHCYIOMb eheKMUBHICMb 3aAPAOAHCAHHI MA PO3PAOHNCAHHS

mennoakymynamopie.  IIpoauanizogano  3acmocyeéanns — pebep,  Memanegux

184



36ipuuk Te3 gonosineir XXXVIII Beceykpainchbkoi HAayKkoBo-IpakTH4YHOI KOH(epeHii cTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepianiB”

niHoMamepianie, HANOBHIBAYI8, MOOUPDIKOBAHUX NOBEPXOHb 1  PAYIOHANLHO2O
DPO3MAULy8aAHH S menyio0OMIiHHUX enemenmis. Ob6rpyHnmosano, wo
HaUinepcneKmMusHiWUM NPaKmuyHuUM HANPIMOM € 2eoMempuyHa iHmeHcugixayisi
Menioo0OMIiHY, CHPAMOBAHA HA 30IIbWEHH NIOWI MeNnI000MIHHOI NOBEPXHI mMda
3MEeHULeHHS XapaKkmepHo20 uiiaxy menionepeoaui 6 00 'emi PCM.

KJIOYOBI CJIOBA: TEIUIOAKYMVYJIIOBAHHS, ®A303MIHHUM
MATEPIAJI, PCM, TEIUVIOOBMIH, IHTEHCU®IKAILIA TEIUVIOOEMIHY,
HAJIJIMIITKOBE TEIIO.

Increasing the efficiency of energy resources is one of the key tasks of modern
heating engineering. Significant amounts of thermal energy are lost in boiler rooms,
ventilation systems, compressor units and other industrial facilities without further
useful use. One of the promising ways to solve this problem is the utilization of excess
heat with its subsequent accumulation in heat storage systems.

Of particular interest are thermal accumulators based on phase change materials,
which are capable of storing significant amounts of energy due to the latent heat of
phase transition. Such systems have advantages over traditional sensible batteries, as
they allow operation in a relatively narrow temperature range and provide a higher
specific capacity [1]. At the same time, their practical use is limited by the low thermal
conductivity of most PCMs, which slows down the charging and discharging processes
[2].

The aim of the work is to analyze the constructive ways of intensifying heat
exchange in heat-accumulating equipment with PCM and to determine the most
promising approaches to increasing the efficiency of its operation [3].

The physical essence of the problem is that when charging the heat accumulator,
the PCM layers closest to the heat exchange surface heat up and change their phase
state faster than the distant areas of the material. As a result, an uneven temperature

field is formed in the volume of the PCM, and the main thermal resistance occurs
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precisely in the thickness of the heat-accumulating material. Thus, one of the main
limiting factors in systems of this type is the low thermal conductivity of the PCM,

which in a generalized form can be characterized by the coefficient A (Figure 1) [4]:
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Figure 1 — Local physical model of the heat exchange process in a heat storage device
with PCM: o — convective heat exchange in the coolant; A — thermal conductivity in
the phase change material; dx — characteristic thickness of the PCM layer; F — area of

the heat exchange surface; Q — direction of heat flow.

dt
dQ = —A—dF dt
dx

This relationship shows that, for a given thermal conductivity of the material,
the intensification of heat transfer is structurally related to a decrease in the
characteristic thickness of the PCM layer dx and an increase in the area of the heat
transfer surface.
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From an engineering point of view, this means that the efficiency of the heat
accumulator is largely determined not only by the properties of the material, but also
by the characteristic thickness of the PCM layer through which the heat passes, as well
as the area of the heat exchange surface [1, 2]. Therefore, it is advisable to direct the
constructive improvement of the system to reduce the heat transfer path in the PCM
volume and increase the contact area between the coolant and the heat-accumulating
material.

Among the modern ways of intensifying heat exchange in PCM heat
accumulators, both methods of modifying the material itself and constructive solutions
are considered. The first group includes the introduction of graphite, carbon or metal
fillers that increase the effective thermal conductivity of the composite PCM [5].
However, such approaches may be accompanied by a decrease in the latent heat of
phase transition, a complication of the material preparation technology and an increase
In the cost of the system.

More practical from the point of view of engineering design is the constructive
way of intensifying heat exchange. It includes the use of heat conduction ribs, metal
foam materials, modified surfaces, corrugated or multi-channel heat exchange
elements, as well as the rational arrangement of tubes and channels in the volume of
the PCM [1, 4]. The scheme of heating the device from thermal power is shown in

Figure 2.
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Accumulator heating mode: 1 — heating medium input, 2 — heating medium
output.
Accumulator cooling mode (heat transfer to the room): 1 — cold air inlet, 2 —
warm air outlet
Figure 2 — Scheme of heating the device from thermal power

The common idea of these solutions is to increase the heat exchange area and
reduce the characteristic thickness of the PCM layer through which heat must pass
deep into the material.

Of particular interest are ribbed structures, since they are technologically
relatively simple and can significantly reduce the melting and crystallization time of
PCM. However, the results of various studies show that an excessive increase in the
number of ribs is not always effective (Figure 3) [6]. Under certain conditions, dense
finning can suppress natural convection in the liquid phase of PCM, which leads to a
decrease in the overall intensity of heat transfer. This means that for a specific type of
device and the selected material, it is advisable to talk not about the maximum increase
in the surface, but about the search for a rational geometry of the heat transfer system
[6, 7].
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Figure 3. Schematic representation of a heat storage device with finned heat

exchange elements to intensify heat exchange.

Another direction is the use of metal foams, which dramatically increase the
effective thermal conductivity of the system. However, such solutions are
accompanied by a complication of the design and an increase in its cost. In addition, in
some cases, an overly developed porous structure can suppress the convective
component of heat transfer in the molten PCM.

Another direction is the use of metal foams, which dramatically increase the
effective thermal conductivity of the system. However, such solutions are
accompanied by a complication of the design and an increase in its cost. In addition, in
some cases, an overly developed porous structure can suppress the convective
component of heat transfer in the molten PCM.

Thus, the analysis of modern approaches shows that there is no universal

method of heat exchange intensification for all types of PCM heat accumulators. The

189



36ipuuk Te3 gonosineir XXXVIII Beceykpainchbkoi HAayKkoBo-IpakTH4YHOI KOH(epeHii cTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepianiB”

most promising direction is a comprehensive approach, which takes into account the
properties of the phase-change material, the temperature range of the heat source, the
geometry of the device and the conditions of charging and discharging. For low- and
medium-temperature systems, the constructive improvement of heat exchange
elements aimed at reducing the thermal resistance in the volume of the PCM is
especially appropriate [6, 8].

Conclusions:

1. Modern design approaches to intensification of heat exchange in heat-
accumulating equipment with PCM are analyzed.

2. It has been determined that the low thermal conductivity of PCM is one of
the main factors limiting the efficiency of charging and discharging heat accumulators.

3. The feasibility of constructive intensification of heat exchange by increasing
the area of the heat exchange surface and reducing the heat transfer path in the PCM
volume is substantiated.

4. 1t is shown that the use of ribs, modified surfaces, and rational arrangement
of heat exchange elements is a promising direction for improving heat storage systems.

5. A direction for further research is formulated, related to the choice of a
rational geometry of the heat exchange system for specific PCM properties and

conditions for using excess heat.
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Abstract: The paper considers the modernization of a vertical shell-and-tube
unit with a lens compensator by using disk-ring partitions in the intertube space. It is
shown that such a design provides a more uniform distribution of coolant flows,
increases the intensity of heat exchange and reduces the hydraulic resistance of the
unit. The proposed solution contributes to increasing the energy efficiency and
reliability of the heat exchange equipment.

KEYWORDS: SHELL-TUBE HEAT EXCHANGER, LENS, DISC-RING
BUFFER, HEAT EXCHANGE INTENSIFICATION, FLOW HYDRODYNAMICS,
EQUIPMENT MODERNIZATION.

MOJEPHI3ALISA HIJITPIBAYA CIPYAHOI KUCJIOTH

Crynent [Taxonpuenko T. O., k. T. H., noueHT HoBoxat O. A.

HaunionanbHuUil TeXHiYHUI YHiBepcUTET YKpaiHu

“ KuiBcbknil moJiitexHiyHuii iHcTutyT iMeni Iropsa Cikopcebkoro ”

AHoTamisi: YV pobomi  pozenaHymo  MOOepHi3ayilo  8epMUKANIbHO20
KOJCyxompybHo2o anapamy 3 JIH308UM KOMNEHCAMOPOM UWLIAXOM 3ACMOCY8AHHS
OUCKO-KIIbYesUX Nnepe2opoooK y midcmpyoHomy npocmopi. Illokaszano, wo maka
KOHCMPYKYisi 3abe3neuye Oiibul PIBHOMIPHULL pPO3NOOLL NOMOKIE MenioHOCIA,
nioBUWYE THMEHCUBHICMb Menlo00MIHY Mma 3MeHulye 2iOpasIiyHull onip anapama.
3anpononosane piulenHs CNpusie NiIOBUWEHHIO eHepeoepheKmusHocmi ma HAOIUHOCH

pobomu menioooMiHHO20 0ONIAOHAHHL.
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KJIOUYOBI CJOBA: KOXYXOTPYBHUI TEIUIOOBMIHHUK, JITH3A,
JANCKO-KIJIBHEBI TIEPEI'OPOJIKM, IHTEHCU®IKAILIA TEIIJIOOBMIHY,
I'TAPOJAMMHAMIKA ITOTOKY, MOJAEPHI3ZALILA OBJIAIHAHHAL.

Shell-and-tube heat exchangers are among the most common apparatuses in the
chemical, petrochemical, power engineering, and food industries. They are utilized for
heating, cooling, condensation, and evaporation of working media across a variety of
technological processes. Their widespread use in industrial facilities is due to their
reliability, structural simplicity, and capability to operate under significant
temperatures and pressures

One of the most effective designs of such apparatuses for significant coolant
temperature differences is a shell-and-tube heat exchanger with a lens compensator
(Figure 1). The main structural element of the apparatus is a cylindrical shell; inside
the shell is a tube bundle consisting of a large number of small-diameter heat exchange
tubes fixed in tube sheets. The tube bundle is the primary working heat exchange
surface through which heat is transferred from one medium to another. Fixing the
tubes is carried out by expansion or welding in tube sheets, which provide hermetic

separation of the tube and intertube spaces.

1 —shell; 2 — lens compensator; 3 — fairing

Figure 1 — Shell-and-tube heat exchanger with a lens compensator
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Covers (medium distribution chambers) are installed on both sides of the heat
exchanger, forming the inlet and outlet for the coolant in the tube side. In the case of a
multi-pass scheme, partitions are provided in the covers to ensure a change in the
direction of the medium's movement and increase heat exchange efficiency.

Baffles are located in the intertube space, performing a dual function: directing
the coolant flow across the tube bundle and preventing tube vibration. This contributes
to increasing the heat transfer coefficient and the stability of the unit's operation [1].

A feature of this type of heat exchanger is the presence of a lens compensator
built into the shell body. It is a thin-walled corrugated element (lens) capable of axial
deformation. The lens compensator is designed to absorb the thermal expansion of the
shell that occurs when the unit is heated. This reduces thermal stresses in welded joints
and tube sheets, significantly increasing the reliability and durability of the equipment.

Despite structural advantages, traditional shell-and-tube heat exchangers have
several operational drawbacks. These include limited heat transfer intensity, the
formation of stagnant zones in the intertube space, uneven distribution of flow
velocities, and the potential accumulation of deposits on the heat exchange surface.
This leads to a decrease in the heat transfer coefficient, an increase in hydraulic
resistance, and higher energy costs [3].

One of the effective ways to increase the intensity of heat exchange in shell-and-
tube units is the modernization of the baffle system in the shell side. Instead of
traditional segmental baffles, it is advisable to use modernized disk-ring baffles
(Figure 2), which provide a more rational distribution of coolant flows and improve

the hydrodynamic operating conditions of the unit.
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Figure 2 — Diagram of disk-and-ring baffles in a heat exchanger

The disk-ring baffle system consists of two types of elements that alternate
along the length of the tube bundle:

- disk baffles - solid circular plates with holes for the tubes that create a gap with
the inner surface of the shell.

- Ring baffles - ring-shaped baffles that block the peripheral part of the intertube
space.

Such an alternating arrangement of disk and ring elements forms a combined
radial-axial motion of the coolant. The flow in the intertube space is forced to
sequentially change direction: first moving toward the periphery of the tube bundle,
then toward its center. As a result, a more uniform velocity distribution is created, and
the washing of the tube surfaces is improved.

When the coolant passes between the tubes, the disk baffle blocks the central
part of the flow, directing it toward the shell walls. The subsequent ring baffle,
conversely, blocks the periphery and directs the flow into the central zone of the tube
bundle. Due to this alternation, an oscillating radial movement of the coolant is
formed, which significantly increases flow turbulence and heat transfer efficiency.

The use of disk-ring baffles significantly intensifies heat exchange in the shell

side. By changing the direction of the coolant flow and increasing turbulence, the heat
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transfer coefficient from the coolant to the outer surface of the tubes is increased.
Furthermore, this design ensures a smoother movement of the coolant, which helps
reduce pressure losses compared to traditional segmental baffles.

An additional advantage is the more uniform distribution of hydrodynamic loads
on the tube bundle. This reduces tube vibration, enhances the mechanical stability of
the structure, and extends the service life of the heat exchanger. The likelihood of local
fouling zones forming on the heat exchange surfaces is also reduced.

Thus, the flow constantly changes direction, creating vortices. These vortices
mix the steam and prevent stagnant zones from forming. This results in a more
uniform velocity distribution and increased flow turbulence. Additionally, when using
holes in the disks, uniform drainage of condensate occurs along the body of the
apparatus, minimizing contact between the condensate and the steam, which reduces
heat loss. Moreover, the condensate film on the inner surface of the shell acts as a
thermal resistance, reducing heat loss from the body to the environment.

Consequently, the application of disk-ring baffles in a vertical shell-and-tube
heat exchanger is an effective modernization that increases heat exchange intensity,
reduces energy consumption for pumping, and improves the operational reliability of

the heat exchange equipment.
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AHOTAUISA. [liomeepooiceno ¢hizuuny mooenv 83aemo0ii 2a306020 NOMOKY 3
HechepuuHuMU YacmMuHKamMu 3epHa. Bcmawnoenemo, wo enincoioanvne HAciHHA
nuwieHuyi OpICHMYEMbCST HAUMEHWUM NePePi3oM  Y3008C NOMOKY, WO 3MEHULYE
eiopasniynuil onip i niosuwye noposzvicme wiapy oo 0,5 < & < 0,9. Heoouopioue
CMPYMEeHeB80-NYbCcayiline Ncegoo3piodcenHs 3abe3neuye aKmugHe Nnepemiuly8aHHs;
mamepiany: nonao 40% macu wapy euHocumvcs 8 HAOWAPOBUL NPOCMIp i3
yacmomoro 1,5-2,0 TI'y. Ille inmencugixye menno- i mMacoobMiH ma 00380J5€
eghexmusHo cywumu U Kancynosamu Hacinua 3a memnepamypu oo 40 °C obes
NOWKOOIHCEHHS MA YMBOPEHHSL A27IOMepPaAmie.

KJIIOYOBI CJIOBA: TIEPEAIIOCIBHA  OBPOBKA  HACIHHA,

EJIITICOI, CTPYMEHEBO-ITYJIbCALIIMHE ITCEBAO3PIJDKEHHS,
TEIIJNIOMACOOBMIH.

PRINCIPLES OF INNOVATIVE TECHNOLOGY FOR PRESOWING SEED
TREATMENT
Professor Kornienko Y.M., Associate Professor Haidai S.S., Graduate Student
Semenenko D.S.
National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institute»
ABSTRACT. A physical model of the interaction between a gas flow and non-
spherical grain particles has been validated. It has been established that ellipsoidal
wheat seeds orient themselves with their smallest cross-section along the flow, which
reduces hydraulic resistance and increases the porosity of the layer to 0,5 <& < 0,9.
Heterogeneous jet-pulsation fluidisation ensures active mixing of the material: over

40% of the bed mass is carried into the space above the bed at a frequency of 1.5-2.0
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Hz. This intensifies heat and mass transfer and allows seeds to be effectively dried and
encapsulated at temperatures up to 40 °C without damage or the formation of
agglomerates.

KEY WORDS: PRE-SOWING SEED TREATMENT, ELLIPSOID, JET-
PULSATION FLUIDIZATION, HEAT AND MASS TRANSFER..

[lepenmociBHa 0OpoOKa HAcCIHHS BKJIIOYA€E KaliOpyBaHHS, MPOCYIIyBaHHS Ta
HaHECeHHs piAKoi (a3u 3 PpyHrinuIaMu, TOKUBHUMHU PEUOBUHAMU YU CTUMYJIITOPAMU
pOCTy, TICJIS YOr0 Ha TOBEPXHi 3epHa (POPMYETHCS TBEpAA KOMIIO3UTHA MIKpOIIapOBa
cTpykrypa. s edexTuBHOTO mpoliecy HEOOXITHI 1HTEHCHBHE MEPEeMIITyBaHHS,
MUPKYJISIIS MaTepialy MK 30HaMH 3POIICHHS 1 CYIIIHHS Ta MPOBEACHHS CYIIIHHS 3a
temnepaTtypu He Buile 40 °C 6e3 MeXaHIYHOTO MOIIKO>KEHHSI HaCIHHSI.

[lum BuMOTaM BIAIOBIZA€E amapar i3 MCEBAO3PIHKEHUM IIAPOM, Y SIKOMY ra3
OJIHOYACHO BHUKOHYE€ (DYHKIIIi 3pIIHKYIOYOTO areHTy, TeIJIOHOCIS Ta HOCIS BOJIOTH.
KoedimieHT BUKOpHCTaHHS TEIJIOTH MoOXke nepeBumryBatd  50%, a mnpu
HEOTHOP1THOMY TICEB03PIIKEHHI KOS(IIIEHTH TEIJI0- 1 MACOIIEPEHECEHHS 3pOCTaI0Th
y 1,5-2 pazu [1-4].

EdexTuBHicTh TIpoliecy 3a0e3MeuyeThCsi CTPYMEHEBO-YIbCAIIMHUM PEKUMOM
MCEeBNIO3PIHKeHHS. 3a Takoro pexkumy monan 40% wMarepiany MOYaTKOBOTO MIapy
BUHOCUTHCA 3a HMOro MeEXi 3 4actoToro A0 2 [, mo 3Ha4HO 1HTEHCU}IKYE
nepeMilTyBaHHs Ta TerioMacooomiu [1, 4].

OcoONuBICTIO CTPYMEHEBO-ITYJIbCALIIITHOTO peXuMy (pUCYHOK 1) € yTBOpeHHA
ra3oBoi OynbpOaliky, sSiKka BUTICHAE TBEpPJl YACTUHKHU 3a MEXI MOYATKOBOIO IIApY.
[Ticns BimpuBy Oyibp0OaIiku MaTepiall BAHOCUTHCS B HAIIIAPOBHM MPOCTIP, KOHTAKTYE 3
HalMpaBJISIIOYOI0 BCTABKOK Ta TIOBEpPTAEThCsl y poOouy 3o0Hy. Lle 3abesmeuye
IHTEHCUBHY ITUPKYJIAIIIO 1 301TBIIICHHS] aKTUBHOI MMOBEPXHI MIK(Pa30BOr0 KOHTAKTY.

[Ipu pmaHomMy pexumi peali3yeTbCcsl IMyJbCyloya IoJlaya TEIUIOHOCIS B

ABTOKOJIUBAJILHOMY PEXHUMI, 110 TPUBOAUTH /10 1HTEHCU]IKAIlT TETIOMacOOOMIHHUX
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npoueciB. L ¢izuuna monens 11 chepuuHUx YaCTHHOK Oyia mepeBipeHa Mif 4ac

rpaHyJIsIIii OpraHoMiHepaJIbHUX 100puB [5].

. A < 7 4
'l" W n i "‘,?I)%'

a) —0; b) =115 ¢) n<r<ntra; d) 1=+ 02
Pucynox 1 — Croci0 B3aemotii ra30Boi Ta TBEpAOi (ha3 y Kamepi rpaHyIsaTopa

IIPU HEOHOPITHOMY TICEBI03PIPKEHHI B aBTOKOJIUBAILHOMY peskuMi (O7MH 1K) [4]

VY pazi HechepruHOi HOopMHU TBEpAUX YACTHHOK B3a€EMOJIS Ta30BOTO TOTOKY 3

MarepialoM Mae CyTTeBI 0coOmuMBOCTI. SIK MomenpHUN MaTepias oOpaHO 3epHa
MIIEHUI, GopMa SKUX HAOIMKAETHCS JI0 eNINcoia.

\
et "

N Wil
H i .

a) po3TalryBaHHs 3epeH  0) po3TalryBaHHS 3epeH B) B3aEMO/IIS
MIIIEHUI]] B CTaHl CIIOKOIO TMIISHUII B PEKUMI ra3oBOro MoToKY i3
(¢=0,4) «ITHEBMOTPAHCIIOPTY» OKPEMOIO 3€PHUHOIO
(¢=0,8-0,9)

Pucynok 2 — ®@i3uyHa MOENb B3aEMO/I11 Ta30BOT0 3P1KYIOUOTro areHTa 3 eIincoiiaMu
VY ra3oBoMy MOTOI 3€pHO OPIEHTYETHCS MIHIMAIBHOIO TMPOEKIIEID B3IOBK

HalpsSMKy pyXy, II0 3MeHIIye J000BHM TigpoauHamiyHui omip. Taka 3MiHa
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MOJIO’KEHHSI YaCTUHOK CHpHUS€E JOKAJbHOMY 30UIBIIEHHIO MOPO3HOCTI MIapy Maibke
BJIB14i, PUCYHOK 2a, 0 1 B.

Ha nepuromy erami qociiakeHb BU3HAYAIN KPUBY TICEBIO3P1IKEHHS, KpUTHUHY
IIBUJKICTD W, Ta TiApaBMiyHUA omip mapy AP, K 3epHUCTHIl MaTepian
BUKOPHCTOBYBAJIM 3€pHA MIICHUIll eTincoiqHoi ¢GopMH 13 CepeaHIMU PO3MipaMH
6,4x2,8%2,65 MM Ta ekBiBaJicHTHHM jgiameTpoM Oe = 3,621 mm. ['ycTHHA 9acTHHOK
craHoBwia 1270 kr/m?, HacurnHa ryctuHa — 762 Kr/m®, a MoOpo3HICTh HEPYXOMOIO
mrapy — & = 0,4.

Ha apyromy ertani AOCHKyBajld TIAPOAMHAMIKY HEOJHOPIAHOTO CTPYMEHEBO-
MyJIbCAIITHOTO  TICEBJO3PIIPKEHHS METOJOM  BHCOKOIIBHKICHOT  BIJ€O3MOMKH.
ExcniepruMeHTH IPOBOIMIM 3a 1Mo4YaTKkoBO1 BUcoTH mapy Ho = 0,32 m ta Ho = 0,52 m
JUIsT TIOPIBHSIHHSL IHTEHCHBHOCTI 00’eMHOro mepeminryBaHHs. Bineodikcarlrito
sniicHioBamu 3 iHTepBaioM A7=0,033 ¢, mo A03BONIMIIO TpOaHai3yBaTH
ABTOKOJIMBAJIbHUM IIUKJI 1 BUBHAYUTH 00’ €M BUHECEHOI'O MaTepiaiy.

KpuBa rmceBAO3piKEHHS, PHUCYHOK 3, TIOKa3y€ HAasSBHICTh 301IbIICHHS

TAPaBIIYHOTO OMOPY MPU KPUTHUYHIN MIBUAKOCTI HAa Bennuuny Ax = 850 I1a.

2600

1
2400 = > > o} !
2200 T b
2000 q | ._-,/
LLARY o ?
1800 | 5
1600 |00 o
- h o \\ ®) - 3 5° O o OC re)
= 1400
»] o \
s 1200 .
=] o} | 2
A 1000
<] o0 I
300 |
600 | o-APw [
400 4 } —
200 i
0 O L
W
0 0,2 0,4 0,6 o8 1 1,2 1,4 1,6 1,8
wg, M/c

Pucynok 3 — Kpusa niceBno3pipkeHHst: 1 - npsiMuid 1 2 - 3BOPOTHIH XiJ1 TpH
Ho=10,32 m (W, = 0,78 Mm/c)
ToOT0, 0 NpU KPUTWUYHIN IMIBUIKOCTI MCEBAO3PIIKEHHS Wi,= 0,78 M/c THCK,

110 BUTPAYA€EThCS Ha MOA0JIaHHA CUJ TepTs Arx cknanae maike 800 Ila, 1110 cTaHOBUTH
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npaktuaHo 50% BiJ HOMIHAJIBLHOTO 3HAYEHHS TiIpaBiidyHOrO omopy. Jlpyroro
OCOOJIMBICTIO € 3HAYHE 3MEHIICHHS T1APaBIIYHOTO OMOPY HA KPUBIM MCEBIO3PIIHKEHHS
Ha 3BOPOTHOMY XOJ1, pucyHOK 5. Lle cBiTUuTh Mpo Te, 110 MPH Iill BUCOTI HEPYXOMOTO
mapy JUisl TBEpJIUX YaCTHHOK €INCOiNHOI OpMHU pealizyeThCsi (POHTAHYIOUUM PEKUM
TICEBI03P1IKCHHS.

Hapeneni Hmwkuye (GOTO3HIMKH 3MIHA  TIAPOAWMHAMIKA  HEOJHOPITHOTO
MCEBNIO3PIIHKeHHS 13 YacoBuM 1HTepBajioMm 0,033 ¢ MiX KaapaMu MiATBEPIXKYIOTh
HASIBHICTb TUTHKU (POHTAHYIOUOTO PEKUMY TICEBIO3P1IKEHHSI.

Jlocnian mpoBOIMINCH PU YMOBAX sIKi 3a0€3MeUy0Th YCYHEHHS 3aCTIMHUX 30H
Ha pooounx nosepxHsax ['PII: Ky = 2,12; Wypus) = 1,65 m/c; W, = 38,9 M/c.

Ha mepmiii cramii mynecamii 0<7t<0,132c, pucyHok 4, d¢opmyerbcs
JIOKaJTi30BaHa aKTHBHA 30HAa B TpaBiii yacTuHi Kamepu, y 3oHi |ll. Yactunku
BEPXHBOI'O IIAPY 3aXOIUIIOIOTBCS TIOTOKOM 1 BHHOCSTBCS Bropy, YTBOPIOIOYHU
«(paxenpanii BUKuI». JliBa yactuHa mapy B 30Hax |1l 3anumaerscs 611bII IIUTHHOIO.
Ile cBiAuuTH MpPO CTPYMEHEBUI XapaKTep MpoLeCcy: BeJMKa razoBa OyipOalmika He

bopMyeThCs, a BUHECEHHS YaCTHHOK B1I0YBA€ThCS Y BY3bKil aKTUBHIN 30H.

a)t=0,00c 6)t=0,033c B)t=0,066c 1)1=0,099¢c nm)t=0,132¢

Pucynok 4 — @ortodikcallii cTaHy mapy 3epHUCTOr0O MaTepiairy B Kamepi
rpaHyssITopa Ha mepiriii crafii mynbscarii 0 <1 <0,132s (Hy = 0,32 s; d. = 3,621 mm;
Kw = 2,12; Wy(mpus) = 1,65 m/c; Wy = 38,9 M/c; y = 29,67)

Ha napyriit cramii mynbcamii 0.165 <1<0.297 S, pucyHOK 5, iHTEHCHBHICTH

BHUHECEHHS 4acTUHOK Y 30H1 Il 3pocTae Ta mepexoauTs y CTIMKUI JIOKaIbHHUM MOTIK,
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NoJIOHUI 10 «IMHEBMOTPAHCIIOPTY». Marepiall MiAXOIUTIOETHCS, MPUCKOPIOETHCS 1
BUHOCUTBHCA Bropy, GOpMyrouH HUPKYJALII0 B HUXKHIA yacTUHI kKamepu. [Ipoiiec mae
acUMeTpUYHMIA Xapaktep: y 30Hi |1l BinOyBaeTbcs akTUBHE PO3PIIKEHHS i BUHECEHHS
YaCTUHOK, ToJ1 siK 30HU |-l 3anumaroTecs muipHimmMu. [lonepeune nepeMinryBaHHs
oOMekeHe, TOMY MepeBaXKae UPKYJIIALIS B3IOBXK TPAEKTOPIi MOTOKY.

[IpoBeneHi excnepuMeHTalIbHI JOCTKEHHSI CBIAYaTh MPO TE, U0 MO MIMPHUHI
amapary HEpIBHOMIPHO PO3MOJAUISAE€THCA MOPO3HICTD €. SAkio B 30H1 | Ta || mopo3HicTh
ctanoBuTh € = 0,4—0,5, TOo y dakeri, mo yTBoproeThes B 30Hi |1, fie 3Mina mopo3HoCTi
e =0,5-0,9, pucynok 4-5, Tomy 1m0 3epHUCTHI MaTepiaid (MIIECHUIT) OPIEHTYETHCS

MIHIMAaJIbHOIO HpOGKHi€I-O B3AOBXKX HaAIIpsAMY PYXY UYAaCTHHOK, IO r[iz(TBemeye

MOJIOKEHHS (HI3UIHOT MOeI, ChOPMYITHOBAHOI BHIIIE.

a)t=0,165¢ 6)t=0,198¢c B)1=0,231c 11t=0,264c n)7t=0,297¢

Pucynok 5 — ®@ortodikcartiii ctaHy mapy 3epHACTOTO MaTepiany B Kamepi
rpaHyJsaTOpa Ha Apyrid cranii mynscarii 0,165 <1<0,297 s (Hy = 0,32 m;

de = 3,621 mm; Ky = 2,12; We(upus) = 1.65 M/c; Wy, = 38,9 m/c; y = 29,67)
YrpooBxk yciX CTaaiil He crocTepiraeTbes (GOpMyBaHHS €IMHOI OyJIbOAIIKH

npu Z; = 280 MM, TOOTO miameTp OyIbOaIIKu raszy, M:
dy=4(Ho—2z-A)/(4+rn) > 0.
AxTuBHa 30Ha (popmyBajacs JuiIe 3 MpaBoro OOKy, TOAl SIK JiBa 4acTHHA
30epirajia MiABUINCHY HIIJIBHICTh. B TakoMy BHMOAAKy peali3yeTbCs aCUMETPUYHHI

(GOHTAHYIOUHI TUPKYJSAIIMHAN PEeXUM 3 HEIOCTaTHIM 00 €MHUM TMEpPEMINTyBaHHSIM,

203



36ipuuk Te3 gonosineir XXXVIII Beceykpainchbkoi HAayKkoBo-IpakTH4YHOI KOH(epeHii cTy1eHTiB,
acmipaHTiB i Mosogux BueHnx “O01agHAHHSA XiMIiYHUX BUPOOHMITB i MiANpuEMCTB OyaiBeJbLHUX
MaTtepiaiiB”

0 TEX MIATBEPKYE, IO HEOOXIAHICTh 3O0UIBIICHHS BHUCOTH TIOYATKOBOTO
HEPYXOMOTO II1apy.
Pesynbrat rigpoamHamikm mpu BucoTi Ho =520 MM HaBeneHi y BHIIISAL

doTorpadiit, pucyHOK 6.

r=0,00¢ [r=0033¢ [t=10,066 ¢ [r=0099¢ Tt=0,32¢ lt=0,165¢ T1=0,198¢
| ds=0.145m di=0.17 m [ ds=0,185 m ’ di=0,19 » d=022 8 de=0,24 m d=025m
Ve=1.596° 107 »* Va2 5721090 | V33151070 | Fem3.591107% 5 Vam8,75:107 o Ve=7.23810% % | Fe=8,181-107 o
a) 0) B) r) 1) e) €)

Pucynok 6 — EBomoriist ra3oBoi Oyns0aruku mpu Ho = 0,52 m; (de = 3,621 mm;
Kw = 2,268; Wygmpus) = 1,55 m/c; Wy, = 36,48 m/m; y = 27,86)

XapakTepHOIO0 0COOJMBICTIO MPHU 30UIBIIIEHHI BUCOTH IIIapy € JAOBLTbHA (hopma
OybOAaIIKu, pPUCYHOK 6, 1110 TIOB’SI3aHO 3 PI3KUM JIOKATBHUM 301IBIIIEHHSM TOPO3HOCTI
1o MepuMeTpy OynpOamku B iHAYKIiHHMA niepioa. [Ipu oMy Ha YacTHHI IEpUMETPY
30pPIEHTOBAHOTO JI0 BEPTHUKAJIBHOI OCI amapaTy 3epHUCTHI Marepian po3BepTaeThes,
00 MIHIMI3yBaTH TIAPaBIIYHUA OMIp TPHU B3aEMOAIl 31 3pIIHKYIOUUM areHTOM 1
nepedyBae B pyci. BinHomenHs 00’emMy ra3oBoi OyJib0almku 10 MOYaTKOBOIO 00’ €My
mapy B iHTepBaii yacy 0 <7 <0,132 ¢ 3pocrtae Bix 10 % no 37 %, pucynok 6. Ha taky
K BEJIMYMHY 3pOCTA€E 1 TAPABIIYHUN OMip, 110 MPU3BEIE 10 aCKBATHOTO 3MEHILIEHHS
BUTpAT 3PIIKYIOUOT0 areHTy, SIKl BIIHOBIATHCA B KIHII LUKIY. Takuil myJabCyrouuii
pPeXKUM TMOJadl TEIJIOHOCIS pa3oM 3 IHTEHCUBHUM O0’€MHUM IEpeMIlIyBaHHSIM
3€pHUCTOTO MaTepiajly B IIapl CHOPUATHME IIJBUIIECHHIO TPOIECIB TEPEHECEHHS.

OkpiMm TOTO 3HAYHE 301IBIIEHHS 3arajbHOT aKTUBHOI IMOBEPXH1 MIXK(a30BOT0 KOHTAKTY
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J03BOJIUTh TPU 3MEHIIEHIA PYHIHHIA CHII MO TEII000MIHY JOCIITH Oa)kaHOro
pesynbraTy. Takuii pe3yabTaT JoCcIrHyTo mpu BigHomenHi Zi/Hy=0,538.

[IpoBeneni exkcrepuMeHTaIbHI JOCTIHDKCHHS JO3BOJIUIN BUSBUTH YMOBH
e(hEeKTHBHOTO 3aCTOCYBAHHS JIJIsl TPOBEICHHS 1HTeHCHU(IKAIllT MPOIEeCIB IEPEHECEHHS Y
api 3epHUCTOrO MaTepialy eIincoiaHol GopMu.

OTxe, miaTBepMKeHO (GI3MUHY MOJENb AN HeCPepUYHUX YACTUHOK 3€pHa.
BcTranoBneHo, 1110 B ra30BOMY IMOTOIlI €JIIIICOiIajibHe HACIHHS IMIIEHMIII OPIEHTYEThCS
HAWMEHIIIUM TePEPi30M Y3/I0BXK HAIMPSIMKY MOTOKY, 110 3MEHIIIY€E TiIpaBIiyHUN OmMip i
301IbIIIY€E TOPO3HICTH mapy A0 0,5 <& <0,9. e cpusie popMyBaHHIO ACUMETPUIHOTO
(hOHTaHYIOYOr0 TMOTOKY, y sIKOMYy 00’e€M ra3oBoi OympOamku 3poctrae g0 37% Bifg
MOYaTKOBOr0 00’ €My IIapy.

3acToCyBaHHS HEOJHOPIAHOTO CTPYMEHEBO-MYJILCAIIMHOTO TICEBIO3P1IKEHHS
3a0e3neuye aKTUBHE MEepEeMIITyBaHHs Ta HUPKYIIAIII0 HaciHHEBOro Marepiany. [lonan
40% macu mapy myJbCallifHO BUHOCHTBCSA B HAIIIAPOBHM MPOCTip 13 yactoToro 1,5—
2,0 ', mo 301IblIIy€e MOBEPXHIO KOHTAKTY (a3 Ta IHTEHCU(IKY€E TEIIO- 1 MaCOOOMIH.
Ile nae 3Mory e(exkTHBHO 3IIMCHIOBATH CYIIIHHS W KalCyJIOBaHHsS HACIHHA 3a
temrepatypu 10 40 °C, 6e3 MeXaHIYHOTO TOIIKOKEHHS Ta yTBOPEHHS arjioMepaTiB.
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UDC 628.5:66.002.8

MATEMATHUYHA MOJEJb PYXY PIJIKOI ®A3HU B YAILIOBOMY
POTAIIMHOMY JUCHEPI'ATOPI 3 YPAXYBAHHSM PEOJIOI'TT
CYCHEH3II
1.T.H., mpod. S1.M. Kopnienko, acmipant J[.B. Cteonoukin
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AHOTALIA: V pobomi obrpynmosano mamemamuiHy mMooeib pyxy pioKoi
Gazu 6 uwawiosomy pomayiuHomy Oucnepeamopi, wo 3aAcMOCO8YEMbCA  OJis
nepeonocieno2o 0OpoOIeHHs HACIHHA Y Nceso3piodceHomy uapi. Mooenv épaxogye
KOHIUHY 2eomempito pobouo2o opeana, Gopmyeants MoHKOIL NAi6KU, NCEBOONIACMUYHY
peonocito  cycneusii ma  ciopoounamivnui  kpumepii HQ Ona  3abe3neuenus
00HOWap0o8020 pedicumy medii. Pe3ynbmamu po3paxyHKié HOKA3YIOMb, WO 3d
BUOPAHUX napamempis 00CAcAEMbCsL PopMYB8anHs Kpaneiv oiamempom 00 50 mxm, a
memnepamypa No6epxXHi 3epHa He Nepesuwyyc OONyCmume 3HAYEHHS, WO 3HUINCYE

PUBUK azlomMepayii ma cnpuse 30epexcentIo CXo0HCoCmi HACIHMA.

ABSTRACT: The paper substantiates a mathematical model of liquid-phase
motion in a rotary cup atomizer used for pre-sowing seed treatment in a fluidized bed.
The model accounts for the conical geometry of the working element, thin-film
formation, pseudoplastic suspension rheology, and the Hg hydrodynamic criterion
required to maintain stable single-layer flow. The calculation results show that the
selected operating parameters provide droplets below 50 um while keeping the seed
surface temperature within the allowable range, thereby reducing agglomeration risk

and preserving seed viability.

KJIOUOBI CJIOBA: YAIIIOBUIM POTALIMHUN JUCIEPTATOP,

TICEBJIO3PI/DKEHUI IIIAP, ITIEPEAIIOCIBHE OBPOBJIEHHSI HACIHHS,
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PIAKA ®A3A, IUIBKA PIAWMHHU, IICEBAOIUIACTUYHA CYCIIEH3IA,
KPUTEPII1 HG, PO3IIMJIEHHS, JIAMETP KPAIIEJIb, TEITJIOBA MOJIEJIb;

KEY WORDS: ROTARY CUP ATOMIZER, FLUIDIZED BED, PRE-
SOWING SEED TREATMENT, LIQUID PHASE, LIQUID FILM,
PSEUDOPLASTIC SUSPENSION, HG CRITERION, ATOMIZATION, DROPLET
DIAMETER, THERMAL MODEL.

TexHONOTII  TEPEANOCIBHOTO  OOpOOJICHHSI HACIHHEBOTO  Martepiany y
MICEBIIO3PIHKEHOMY IIapi nepeadavae HaHECEHHS Ha MOBEPXHIO 3epHA pijikoi ¢asu 3
BHCOKHM BMICTOM CyXOi PEUOBHHU Ta MOJaJibllie BUMIAPOBYBaHHs po3unMHHUKA [5; 10;
11]. OcHOBHOIO YMOBOIO ()OPMYBaHHS PIBHOMIPHOI 3aXUCHOI OOOJIOHKHU € OJICpKAHHS
npidHoaucnepcHoro (akena 3 giaMmeTpoM Kpamenb He Outbine 50 MM [3; 4]. 3a
OUIBIIMX PO3MIPIB Kpamneiab BUHUKAE PU3UK YTBOPEHHS PIAMHHUX MICTKIB MIXK
3epHaMH, 110 MPU3BOJIUTH JIO arjoMepallii Ta NOTIPIICHHS SKOCTI TOKPUTTS [5; 7].

BimoMi mpucTpoi BBenEHHsS piakoi (asu — BEpXHE PO3MWICHHS, arapaT
Bypcrepa, ProCell Ta auckoBi po3mmmoBadi — MarOTh OOMEXKEHUH 00’€M 30HU
3pOIICHHS 1 HE 3aBXKIU 3a0€3MeUyl0Th PIBHOMIPHE 3BOJIOKEHHS 3€peH MpU poOoTi 3
TEeTEPOreHHUMU CcycreH3iamu [5; 6]. HasBHI MaTeMaTuuHi MOJENl MEePEeBAXKHO
OpIEHTOBAH1 Ha HBIOTOHIBCHKI PITMHU, TUIOCK] IUCKU 200 OJHOKOMIIOHEHTHI PO3YUHHU 1
HEJIOCTaTHHO BPAXOBYIOTh KOHIYHY T'€OMETPII0 pOOOYOT0 OpraHa, MCEBIOIIACTUYHY
PEOJIOTI0 CYCIIeH31M Ta TemMIepaTypHe OOMEKeHHS 11l HaciHHs [1; 2].

MeToro poOoTH € OOTpyHTYBaHHS MaTeMAaTUYHOI MOJENI PyXy piikoi (a3u B
qal poTauiifHOro AWCIEepraTopa 3 ypaxyBaHHIM PEOJIOTTYHHUX BIACTHUBOCTEU PiIUHH,
yMOB (hOpMyBaHHSI OJHOLIAPOBOI IUTIBKM Ta HEOOXITHOCTI OTPUMAaHHS Kparelb
3aJIaHOTO PO3MIPY JUTsl IEPETOCIBHOTO 00pOOIEHHS 3epHa MIIIICHUIT.

Po3riissHyTO poTariiiHuii YaloBUii AUCTIEPTraTop y BUIJISAL 3p13aHOTO KOHYcCa 3
nepdopoBanoto OiuyHOO ToBepxHew [3]. [lotounuit pamiyc KOHyca 3MIHIOETHCS BiJl

MiHIMaJIbHOTO pajiyca Ri 10 makcumanbHOro pasiyca R B3moBxk TBipHOi L. Biuna
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MOBEPXHS YMOBHO MOJiJIEHA Ha 30HY (OpMyBaHHs IUTIBKH Oe3 mepdopaliii Ta 30HYy
JTUCIIEPTyBaHHS, JIe PIAMHA BIJBOJAUTHCS YE€pPE3 CUCTEMY OTBOPIB y MCEBAO3PIIKEHUN
mrap.

VY Mojeni mpudHATO, MO TOBIIMHA TUNIBKM O 3HAYHO MEHIIA 3a MOTOYHUHN
pazaiyc, Tedis € YCTaJeHOI Ta OCECMMETPUYHOI0, a PIJAMHA MOXE OIUCYBaTUCA
creneHeBUM 3akoHOM OctBanpaa—ne Baame: t = Ky* [8; 9]. Ilpu n = 1 moxens
NEPEXOAUTH y BUIAI0K HBIOTOHIBCHKOI P1IMHU, a TIpH N < 1 onucye NCceBIOIUIaCTUYHI
CyCIleH31i, XapakKTepHl MJii CHUCTEM «TOopd — MIKpOOpraHizaMu — MOJIMEPHI
3B’SI3YI0U1».

PiBHSIHHS pyXy IUTIBKH MOOYI0OBAHO 3 OajlaHCy BIALICHTPOBUX 1 B’SI3KMX CHJI Y
MPOEKIIi HAa TBIPHY KOHIYHOI MoBepxHi [3; 9]. [Iyisi HBIOTOHIBCHKOI PIAMHU OJEPKaHO
3aJIeKHICTh TOBIIUHU TUTIBKU BiJ] BUTPATH, B’ SI3KOCTI, TYCTHHH, KYTOBOI IIBUIKOCTI Ta
pamiyca: 6(r) = [3uQ/(2rnpw?risin(a/2))]*/3. Jlns nceBaoIIaCTHYHOT PIAMHN aHAJIOTIYHE
CIIBBIHOIIEHHSI  y3araJbHEHO 4Yepe3 IMOKa3HUK Tedii N Ta  KOedIlie€HT
KOHCHUCTEHTHOCTI K.

JI71s1 OLIHIOBAaHHS T1IAPOAMHAMIYHOTO PEXUMY BBEJAEHO O€3p0O3MIpHUN KpUTEPIi
Hg = Re,-Fr, ne Re, = /v — muiBkoBuii kputepiii Perinombaca, Fr = ow?Ri/g —
BiaueHTpoBuil kputepid ®pyna [3]. Kpurepiii Hg xapakrepusye cniBBiIHOIIEHHS
IHEepIIMHUX BIAINEHTPOBUX e(EKTIB 1 B’S3KMX CHI. PamioHanhbHUM BBa)Ka€ThCS
OJIHOIIAPOBUN PEXKUM IUTIBKH, s sikoro HY < 4,0-10%; mist 3a0e3neueHHs aiameTpa
Kpamnenb 10 50 MKM JOIIJILHUM € KOpCTKime oomexxenns Hg < (3,0-3,5)-10* [3].

Po3mip kpanens BU3HAYaId 3 ypaxyBaHHSIM TOBIIMHU IUIIBKH, uyncia Bebepa ta
HaIIBEMIIIPUYHOIO 3B 3Ky MK TOBIIMHOIO IUJIIBKH 1 AlameTpoM kpami [1; 3; 4]. dus
nepopoBaHoOi Yalll BHKOPHCTAHO OMLIHKY Ox ~ 40, 110 BIAMOBIZAA€ paIliOHATEHOMY
JITaMEHTHOMY PEXHMY IUCIEPTYBaHHS Ta Ja€ 3MOTY IOB’S3aTH BUTPATY PIIAWHH,
4acToTy oOepTaHHs 1 po3mip Kpamnenb [3; 4].

OkpeMO BpaxoBaHO TEIUIOBUWA PpEXUM TMPOIECY, OCKUIbKM HACIHHS €

tepmosiabimbHuM MatepianioMm [11]. TemmoBuit GamaHc OMHOTO 3€pHA 3aMHMCAHO 3
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ypaxyBaHHSM KOHBEKTHBHOTO TEILIOOOMIHY 3 Ta30BOIO (Pa30r0 Ta BUTpAT TEILIOTH HA
BUIApOBYBaHHsA po3uuHHMKa [9; 10]: mc(dT/dt) = hS(Tr — T3) — r.L..
OOMeXyBaJIBHOIO YMOBOIO € TeMIieparypa nmoepxHi 3epHa 13 <40 °C.

UucnoBi po3paxyHKHd BHUKOHAHO JJIS YallOBOTO JUCIEpraTropa 3 rnapaMerpamu:
R: = 0,020 M, R2 = 0,040 M, a = 50°, yactora obepranns N = 4200 06/xB, KyTOBa
MBUAKICTh ® = 439,8 pan/c, niHIHA MBUAKICTH Kpaiku 17,6 m/c, 06’eMHa BUTparta
pinkoi dazu Q = 3,5-10°¢ m*/c. Hna cycnensii npuitaaro p = 1220 xr/m?, p = 0,015
ITa-c, o = 0,058 H/m; mirs nceBgomnactranoi moaeni N = 0,72, K= 0,045 I1a-c".

Jl1st HBIOTOHIBCHKOI Mojienti oTpuMaHno Re, = 2,26, Fr = 3868 ta Hg = 8,74-103.
Otxe, 3HaueHHsT HQ € CyTTe€BO HMKYMUM 3a KPUTUYHE, 110 MIATBEPIKYE 1CHYBaHHS
CTab1JILHOTO OJHOIIAPOBOTO PEKUMY PYXY IUIIBKU 3 KOoe(]illeHTOM 3amacy OJIM3bKO
4,6. PospaxyHkoBa TOBIIMHA IUTIBKA CTAaHOBUTh MpUONU3HO 22,7 MKM Ha
MiHIMaJIbHOMY pajiiyci Ta 18,0 MKM Ha MaKCUMAaJIbHOMY paJiiyci.

3a HaBeJaeHUX napameTpiB uuciio Bebepa cranoButh Onu3bko 115, a cepenHiii
JlaMeTp Kpameib JUisl HbIOTOHIBCHKOTO HAOJIMIKEHHS OIIIHIOETHCS Ha PiBHI 32 MKM. 3
ypaxyBaHHSM MCEBIOIIACTUYHOT MOBEIHKU CYCIIEH31i TOBIIMHA IUTIBKH 301IBITY€E€ThCS
npubm3HO Ha 25 %, a MPOTHO30BaHMM AlamMeTp Kpamneib 3poctae g0 40 mxm. OOuaBa
3HAUEHHS HE TMEPEBUIIYIOTh TPAHUYHO OMYyCTUMOro piBHA 50 MKM, TOOTO ymMOBa
3ano0iraHHs arjioMeparlii HACIHHEBOTO MaTepialy BUKOHYEThCS.

TeroBuil po3paxyHOK nJisi 3€pHA MIICHUINl 13 TJIOMICI0 TMOBEPXHI OJIM3BKO
4,59-10° w2, xoedimientom TtemioBigaadi 100 Bt/(M**K) Ta TtemmnepaTyporo
terorocis 55 °C mokasaB, MO MaKCHMallbHAa JOMYCTHMa BHTpara piakoil ¢asm
ctaHoBuTh npubiam3zno 1,15-107° wm?/c. ITlpuiinsta Butpara Q = 3,5-10° m*/c He
MIEPEBUIITYE IILOTO 3HAYCHHS, a OYiKyBaHA TEMIIepaTypa MOBEPXHI 3epHA 3aTHIAETHCS
HIK4010 32 35 °C. Takum 4MHOM, YMOBA 30€pEKEHHS CX0XKOCTI HACIHHS BUKOHYETHCS
3 TOCTaTHIM 3aIacoM.

[IpakTuHe 3HA4YEHHS OTPUMAHHMX 3aJICKHOCTEH IIOJISITaE Yy MOMKIJIMBOCTI

BU3HAYCHHS pAIllOHATBHOI YacTOTH OOEpTaHHS, BHUTPATH PIAMHU 1 MapaMeTpiB
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nepdopairii 4amoBoro aucrnepraTopa st GopMyBaHHS JIpiOHOIUCIIEpCHOTO (hakena
0e3 meperpiBaHHs HaciHHA. Ile Moxke OyTH BHUKOPHCTaHO ITiJ 4Yac MPOEKTYBaHHS
oOnaHaHHS I IHKPYCTAIlli Ta ApaKyBaHHS 3epHA Y MICEBA03PIIHKEHOMY MIapi.

BucHoBku

[ToGynoBaHo Mozeni pyxy piakoi ¢da3u Mo KOHIYHIM ITOBEPXHI YaIlloBOTO
pPOTalIfHOTO AMCIIEPraTopa, sfKa BPaxoBYye OallaHC BIALIEHTPOBUX 1 B’S3KUX CHII Ta
PEOJIOTIUHI BIACTUBOCTI CyCcIeH31i. 3anponoHOBaHO BUKOPUCTOBYBATH Kputepi Hg =
Re,-Fr nmns Bu3HAYE€HHS YMOB OJHOIIAPOBOTO PyXy IUIBKU. [l mOCHiIKEHOTO
pexumy Hg = 8,74-10°, mo 3HayHO MeHIIe KpUTUYHOro 3HauyeHHs 4,0-10%
BcranoBneno, mo 3a vactotum oOepranHs 4200 o6/xB Ta BuTpatu 3,5-107¢ m*/c
MIPOTHO30BAHUMN JIIaMETP Kpareib CTAaHOBUThH MPUOIN3HO 32 MKM JJi1 HbIOTOHIBCHKOI
Mojeni Ta Om3bko 40 MKM JJI TICEBAOIIACTMYHOI CYCIEH31i, TOOTO HE MEPEBHUIILYE
nomyctuMi 50 mxM. TerioBa Mojieb ToKasala, M0 TeMIiepaTypa MOBEpPXHI 3epHa 3a
NPUMHATUX TapaMeTpiB He mepesuirye 35 °C, mo BiAmoBigae BUMOraM 30€peKeHHS
CXO0OCT1 HaciHHEBOTO Matepiainy. [loganpiii JOCHIKEHHS TOIIJIBHO CHPSIMYBaTH Ha
EKCIIEpUMEHTATILHY TIEPEBIPKY CIIEKTpa Kpareiab, YTOYHEHHS eMIIIPUYHOI CTAIOl IS

nepdopOBaHOI Yalll Ta ONTUMI3AII0 TeoMeTpii epdopaiiii.
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PARAMETRIC ANALYSIS OF THE INFLUENCE OF OPERATING
AND DESIGN PARAMETERS ON THE EFFICIENCY OF GAS-DUST FLOW
CLEANING IN A CYCLONE WITH MESH INSERTS AND WATER
INJECTION

graduate student M.V. Dyshkant, Ph.D., Assoc. Stepaniuk A.R.
National Technical University of Ukraine
""Igor Sikorsky Kyiv Polytechnic Institute"

ABSTRACT: The influence of operating and design parameters on the
efficiency of gas-dust flow cleaning in a cyclone apparatus equipped with mesh inserts
and a water injection system is considered. The effect of gas inlet velocity, porosity of
mesh elements, irrigation liquid flow rate, and particle size on the cut-off diameter,
fractional collection efficiency, and hydraulic resistance of the apparatus is analyzed.
It is established that an increase in gas velocity and a decrease in mesh porosity
improve particle separation but lead to higher pressure losses. The most significant
reduction in the cut-off diameter is achieved by water injection due to the
condensation growth of particles. The proposed approach can be used for a
preliminary assessment of rational operating conditions for modified cyclone
apparatuses.

KEY WORDS: CYCLONE APPARATUS, WATER INJECTION,
PARAMETRIC ANALYSIS, FRACTIONAL EFFICIENCY, HYDRAULIC
RESISTANCE, DUST COLLECTION.

MMAPAMETPUYHUI AHAJII3 BILUIUBY PEXKUMHUX TA
KOHCTPYKTUBHUX TAPAMETPIB HA ECEKTUBHICTDb OYHNIIIEHHA
I'A30IIMJI0OBOI'O ITOTOKY B IUKJIOHI 3 CITYACTUMU BCTABKAMHU
TA BIIPUCKOM BOAU

acmipant Jumkaat M.B., x.1.H., gon. Ctenaniok A.P.
HaunionanbHuUil TeXHiYHUI YHiBepcUTeT Y KpaiHu
«KuiBcbkuii noJirexHiynuii iHcTuryT iMeni Iropst Cikopcbkoro»
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AHOTALIA: Pozenanymo 6naug  pedcumMHux ma  KOHCMPYKMUBHUX
napamempie Ha egeKmusHiCmb OYUUeHHs 2A30NUI08020 NOMOKY 6 YUKIOHHOMY
anapami 3 CIMYacmumMu 6CMAeKamMu ma 6npuckom eoou. Illpoamanizoeano ennus
6XIOHOI  weuOKoCcmi  2asy, HNOPUCMOCHMI  CIMYACMUX  eleMeHmis,  eumpamu
3pouLy8anbHOi  piouHu ma posMIpY UYACMUHOK NUTY HA KPUMUYHUL Oiamemp
VI0BNI0BAHHA,  (Dpakyiuny  egekmuenicms 1 2iOpasliyHUll  ONIp  anapamy.
Bcmanoeneno, wo niosuwjenHs weuokocmi 2azy ma 3MeHWeHHs NOPUCmoCcmi CimKu
nokpawyloms cenapayiro, ane 30invuyloms eémpamu mucky. Hatibinew cymmese
3MEHULeHHS. KPUMUYHO20 JlamMempa YI061108aHHs 3a0e3neuye 6npuck 600U 3a PaxyHoK
KOHOEHCayitiHo20 3pOCMAanHs YaCMUHOK.

KJIIOYOBI CJOBA: ITUKJIOHHUI AITAPAT, CITYACTI BCTABKHN,
BITPUCK BOJIN, [TAPAMETPUYHUN AHAJII3, OPAKLIHA
E®EKTUBHICTb, I'JIPABJITYHUII OITIP, [TMJIOBJIOBJIEHHA.

The Cyclone apparatuses are widely used for cleaning gas flows from solid
particles due to their simple design, absence of moving elements, and ability to operate
under conditions of elevated temperature and dust concentration [1]. However,
conventional cyclones have limited efficiency in capturing fine particles, especially
fractions smaller than 5-10 pum [2].

To increase the cleaning efficiency, a modified cyclone apparatus with mesh
inserts in the conical part and a water injection system is considered. The mesh inserts
stabilize the swirling flow, reduce turbulent pulsations, and prevent the secondary
entrainment of particles. Water injection promotes the condensation growth of
particles, which increases their effective aerodynamic diameter and improves the
conditions for inertial separation [3, 4].

The parametric analysis was carried out for the following parameters: gas inlet

velocity, porosity of mesh inserts, irrigation liquid flow rate, and particle size. The cut-
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off diameter dso, the collection efficiency of 5 um particles, and the hydraulic
resistance of the apparatus were selected as the main evaluation criteria.

The variation ranges of the main operating and design parameters and the
corresponding calculated results are presented in Table 1.

Table 1 - Influence of operating and design parameters on the

characteristics of the apparatus

Parameter Range of variation | dso, pm |1 (5 pm), % | Ap, Pa
Cas Inlet veloclty, | 15 95 3570 |55-92 400-1400
Mesh porosity 0,60-0,85 3,055 |65-88 600-1100
Water injection flow 0,5-2,0 1550 |72-95 650-1050
rate, L/(min-m3/s)

Particle  diameter, | , o 30-99 _

pm

An increase in the gas inlet velocity from 12 to 22 m/s leads to a decrease in the
cut-off diameter from approximately 7.0 to 3.5 um. At the same time, the collection
efficiency of 5 um particles increases from 55 to 92 %. However, the hydraulic
resistance also increases from 400 to 1400 Pa. Therefore, an increase in gas velocity
Improves separation but requires higher energy consumption [1, 2].

A decrease in mesh porosity from 0.85 to 0.60 also improves the cleaning
efficiency. The collection efficiency of 5 um particles increases from 65 to 88 %,
while the cut-off diameter decreases from 5.5 to 3.0 um. This is explained by the fact
that a less porous mesh has a stronger effect on the flow structure and reduces the
secondary entrainment of particles. At the same time, an excessive decrease in porosity
leads to an increase in pressure losses [3].

The irrigation liquid flow rate has the most significant influence. When it
increases from 0.5 to 2.0 L/(min-m3/s), the cut-off diameter decreases from 5.0 to 1.5

um, while the collection efficiency of 5 um particles increases from 72 to 95 %. This is
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associated with heterogeneous condensation of water vapor on the surface of particles
and droplets, which increases the effective particle size and enhances the action of
centrifugal forces [4, 5].

The comparison of fractional efficiency for the conventional and modified

cyclone is shown in Fig. 1.
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Fig. 1 - Fractional collection efficiency curves: 1 - conventional cyclone; 2 -
cyclone with mesh inserts; 3 - cyclone with mesh inserts and water injection.

The comparison of fractional efficiency curves shows that the cyclone with
mesh inserts provides higher efficiency in capturing fine particles compared with the
conventional design. The additional use of water injection shifts the efficiency curve
toward smaller particle diameters, which indicates an expansion of the operating range
of the apparatus for fine dust collection.

Thus, the combined use of mesh inserts and water injection provides a dual
effect: stabilization of the swirling flow and an increase in the effective particle size.
At the same time, optimization of the apparatus parameters should consider not only
the maximum cleaning efficiency but also the permissible level of hydraulic resistance.

Conclusion. The parametric analysis showed that the efficiency of gas-dust flow
cleaning in a cyclone with mesh inserts and water injection significantly depends on

gas velocity, porosity of mesh elements, and irrigation liquid flow rate. An increase in
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gas velocity and a decrease in mesh porosity improve separation efficiency but

increase hydraulic resistance. Water injection is the most effective factor in reducing

the cut-off diameter. The combined application of mesh inserts and irrigation is a

promising direction for improving cyclone apparatuses used for cleaning gas-dust

flows from fine particles.
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INVESTIGATION OF BIODEGRADATION OF STARCH-BASED FILMS IN
SOIL ENVIRONMENT
assistant Byshko Mykyta.
National Technical University of Ukraine "lIgor Sikorsky Kyiv Polytechnic Institute"
ABSTRACT: The paper presents the results of an experimental study of the
biodegradation process of starch-based films under controlled soil conditions. Changes
in the appearance and mechanical properties of the samples were monitored over a
period of 30 days. It was found that exposure to soil leads to the loss of plasticizer, a
decrease in material elasticity, and gradual biological degradation of the film structure.
KEY WORDS: BIODEGRADABLE FILMS, STARCH,
BIODEGRADATION, SOIL ENVIRONMENT, PLASTICIZER, GLYCEROL

JOCJIIKEHHS BIOPO3KJIAJAHHSA IVIIBOK HA OCHOBI KPOXMAJIIO
B IPYHTOBOMY CEPEJIOBHUIIII
acucteHT bumko M A,
HartionanpHuit TEXHIYHUN YHIBEPCUTET YKpaiHU
«KuiBchbKui MOMTEXHIYHUHM THCTUTYT IMeHI [rops CikopchbKOTo»

AHOTAIIS: HaeneHo pe3ynapTaTd EKCHEPUMEHTAIBHOTO —JOCIHIKEHHS
npoiiecy 010pO3KJIaJaHHs IJIIBOK HA OCHOBI KPOXMAaJI0 B KOHTPOJbOBAHUX IPYHTOBUX
yMoBax. [IpoBeieHO croCTepe:KeHHS 32 3MIHOKO 30BHIIIHBOTO BUTJISIAY Ta MEXaHIYHUX
BlIacTUBOCTEN 3paskiB mpotrsarom 30 ni6. BcranoBneno, 1mo nepeOyBaHHS ITIBOK Y
I'PYHTI NPU3BOJIUTH IO BTPATHU MIacTU(IKATOPa, 3HUKEHHS €TaCTUYHOCTI MaTepiaity Ta
MOCTYHOBOIO O10JIOTIYHOTO PYHHYBaHHS CTPYKTYPH.

KJIIOYOBI CJOBA: BIOPO3KJIAJHI  IUIIBKHM, KPOXMAIJIb,
BIOAECTPYKIIA, I[PYHTOBE CEPEJIOBHUILIE, [INIACTUDIKATOP,
[JIILEPUH
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The increasing accumulation of polymer-based waste and its negative
environmental impact has intensified research into materials capable of natural
degradation after use. In this context, starch-based polymer films are considered a
promising alternative to conventional petroleum-derived plastics due to their
renewable origin and biodegradability [1; 2]. Starch, being a widely available
biopolymer, can be efficiently decomposed by soil microorganisms under appropriate
environmental conditions [2; 3]. Furthermore, its properties can be modified through
additives such as plasticizers, enabling the adjustment of flexibility and mechanical
strength, which makes it suitable for packaging applications [1; 4].

To assess the real-world applicability of such materials, it is essential to examine
their degradation behavior under conditions resembling natural disposal environments.
For this purpose, an experimental study was conducted to evaluate the degradation of
starch-based films in soil.

The experimental setup involved placing film samples in a soil-filled container
designed to simulate natural biodegradation conditions. The specimens were buried at
an approximate depth of 10 cm, which corresponds to the biologically active upper soil
layer where organic matter decomposition typically occurs [4; 5]. Throughout the
experimental period, samples were periodically extracted and analyzed to observe
changes in their physical state and surface characteristics.

Figure 1 illustrates the condition of the samples prior to burial and after different
exposure intervals. Progressive alterations in texture and structural integrity were
visually evident. It was also observed that while remaining in soil, the films retained
high moisture content; however, after removal and drying, they quickly became rigid

and fragile.
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Figure 1. Starch-based film samples before and after soil exposure
Such behavior is likely associated with the gradual leaching of plasticizing
agents, which are essential for maintaining flexibility in starch-based polymer
matrices. Plasticizers such as glycerol are known to migrate under humid conditions,
resulting in increased stiffness and reduced mechanical performance [2; 6]. The sharp
decline in elasticity after drying corresponds well with previously reported data on
starch-based biopolymer systems exposed to moisture-rich environments [2; 4].
Alongside mechanical degradation, partial surface erosion and localized
structural damage were detected after 30 days of soil exposure. These observations
suggest the initiation of microbial degradation processes, where soil microorganisms
utilize starch as an energy and carbon source [4; 5]. This biological activity leads to
gradual depolymerization of the material and its transformation into simpler
compounds, ultimately contributing to full decomposition.
To quantify the observed changes, a time-dependent degradation curve was
constructed (Figure 2). The obtained results demonstrate a consistent trend of
progressive deterioration, confirming the susceptibility of starch-based films to

biodegradation in soil environments.
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Figure 2. Kinetics of biodegradation of starch-based films during soil exposure

The conducted study demonstrates that starch-based films undergo significant
physical and structural changes during soil exposure within a 30-day period. The
reduction in elasticity is primarily attributed to plasticizer migration and restructuring
of the polymer network, while observed surface degradation indicates active microbial
involvement. These findings may contribute to the optimization of biodegradable film
formulations and improve predictions of their behavior in natural environmental
conditions.
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YK 66.062.53
MNOCUJIEHHSI EOFEKTUBHOCTI TPAIUIIMHOI JIETABAIIIL BOJIH
HIJIIXOM 3ACTOCYBAHHS I''/IPOJJUHAMIYHOI KABITALIIT
n.17.H. b. Lenens, I'. a.17.H. IBanuupkuii, k.T.H. A. Hexoatino,
K.T.H. JI. 'o)xenko, k.T.H. H. Paguenko
IncTuTyT TexHiuHoi Temnogpizuku HAH Ykpainn

AHOTALIA: Ilpoananizosano nepcnekmusu 3acmocy8aHHs 2i0OpOOUHAMIYHOT
Kasimayii 6 mexHono2iAx Oezazayii piouH 3 Memow iHmeHcugixayii npoyecy.
lIpoananizosano Hanpsamku 0ocniodcenv y yiu cghepi, 6udineno-kKpainu nioepu, sKi
VCRIWHO 8NPOBAONCYIOMb KABIMAYIUHY 00pOOKY 8 MexHON02isAX Oez2azayii ma 6K1ao
VKDPAiHCbKUX 6UeHUxX, 30kpema, HageoeHo oocsaenenus ITTD HAHY.

ABSTRACT: The prospects of applying hydrodynamic cavitation in liquid
degassing technologies for the purpose of process intensification have been analyzed.
The main research directions in this field were examined, the leading countries
successfully implementing cavitation treatment in degassing technologies were
identified, and the contribution of ukrainian scientists was highlighted, particularly the
achievements of the Institute of Engineering Thermophysics of NAS of Ukraine.
KIIIOY0OBI CJIOBA: TIIPOAUHAMIYHA  KABITANIA, AETA3ALIA,
BOAOINIAI'OTOBKA
KEYWORDS: HYDRODYNAMIC CAVITATION, DEGASSING, WATER
TREATMENT

Beryn. Ilpouec neraszamii piiiH € BaXKJIMBOKO TEXHOJIOTIYHOKO OIEpaLl€l0 B
XapyoBid MPOMUCIOBOCTI, BOJIOOYMCHIN, HadTomepepoOHiin. TpamuriiiHi TeXHOIOTIT
4acTO MOB’sA3aHl 3 BTpaTaMu MPOJAYKTY a00 K BTOPUHHUM 3a0pYyIHEHHSM, OKpIM
I[bOTO, BBAXKAIOTHCS EHEPrOBUTPATHUMHU, a OOJaJHAHHS BUMAara€ 3HAYHHUX
BUPOOHMYMX IUIOMI. 3aCTOCYBAaHHS TIAPOAMHAMIYHOI KaBiTallii B KOMILIEKCI 3
TPaIUIIMHUMU TEXHOJIOTISIMM Jiera3allli MO)Ke CyTTEBO MIABUIIUTH i1 €()EKTUBHICTb.

Pesynbrat mocsiraeThest 3a paxyHOK MOETHAHHS JeTa3allii, 1e3iH¢eKii, roMoreHi3aiii.
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be3symoBHOIO mepeBaroro KapiTamii € I E€KOJOTiuHICTh, €HEProe(peKTUBHICTH 1
MOXJIMBICTh IIBUAKOTO MAacCIITaOy€eThCS JUIsi TPOMHUCIOBUX MOTped. 3a JaHUMU
JOCTIKEHb OCTaHHIX POKIB KaBiTallliiHI TEXHOJOTI] BXXE YCHIIIHO 3aCTOCOBYIOTHCS Y
BUTJISIII TIOpUAHUX cucTeM. Hampukiaa, kaBiTalis 1 BaKyyM, KaBiTaris 1 1jia3ma abo
pI3H1 OKHCHIOBaYl JUIsl CHHEPTeTHYHOro eekTy Tomro. BueHi pi3HUX KpaiH aKTMBHO
BJIOCKOHAJIIOIOTh KOHCTPYKIIT PEakTOpiB 3 ONTUMI3ali€l0 TEOMETPli 3a JOMOMOTOI0
CFD-monentoBanns. HaitOinbin 3aTpeObyBaHa BoOHa y KpaiHax 3 MOTY>KHO Xap4yOBOIO,
HaTOMEpEepOOHOI0O Ta BOJOOYHMCHOIO MPOMHUCIOBICTIO, JI€ TPIOPUTETOM €
eHepro3oepexxeHHs: Ta ekoJioris. Jlizepamu 3a KiUIbKICTIO BOIPOBAIXKEHb € KpaiHu A3ii
(Kurait, Inngis, Snonis), ne KaBiTalliiiHi TEXHOJOTT MacmITaOyrOTh JUISI OYUCTKH
CTIYHUX BOJ Ta OlomayivBa 1 IbOMY aKTUBHO CHPUSIOTH AepaBH1 nporpamu. Y CIHIA
aKIIEHT Ha CTajJoMy BOJIOKOPHCTYBaHHI Ta OiomanuBi s HadTONmepepoOKH Ta
XapyoBoi Tary3i. B mociaimkeHHsX 1 MIOTHUX npoekTax jiaupye €spona (Himeyunna,
Benuka bpuranis, Hinepnanau, Itanis, CnoBeHis), 30kpeMa, B po3poOKax pOTOPHO-
crtaTopHoro oOnanHanHs. B Ykpaini 3HaUHMI TEOPETUYHHMM 1 €KCIepUMEHTAIbHUN
JIOCBIJl y JaHOMY HanpsaMmky HakonudyeHo B [TT® HAHY, 3okpemMa, y BOJIOMIATOTOBI,
OUHMCTIIl CTIYHMX BOJ, JUIs Jeras3allii TeXHIYHOI Ta KOTJIoBoi Boau. Takox y cdepi
BOJIOMIATOTOBKK JIJII TIOTpeOd XapyoBOi MPOMHUCIOBOCTI TMPHU BIJHOBJICHHI COKIB 3
KoHIeHTpaTiB [1, 2]. lochimKkeHHs TiATBEPKYIOTh BUCOKY €(EKTHBHICTh Ha COILIAX
Bentypi Ta PIIA. BukopuctanHs ngaHoro oOJagHaHHS BIAKPUBAE TUIAX O
IMIIOPTO3aMIIICHHS] B XapuyoBid 1 BOJOMIATOTOBYIM Tally3sX, a BIPOBAKEHHS
JO3BOJINTh OJHOYACHO MIABUIIYBaTH €(QEKTUBHICTh, 3HWKYBaTH BHUTpAaTU Ta
MIHIMI3yBaTH €KOJIOTTYHHUH CIiM, 110 0COOJMBO aKTyaJIbHO JIJIsl Y KpaiHHu.
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MODERNISATION OF THE COKE PRODUCTION PLANT WITH THE
DEVELOPMENT OF A DRUM DRYER
Student Tsyupa N.V., PhD, Assoc. Prof. Stepaniuk A.R.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

Abstract: The technology of coke production is presented. The scheme of the
drum dryer is described. The necessity for modernisation is substantiated by the
installation of internal toothed elements in the design of the drum dryer.

Keywords: COKE, MODERNISATION, DRUM DRYER, TOOTHED
ELEMENTS, HEAT EXCHANGE, MOISTURE

MOJEPHI3AIISA YCTAHOBKHN BUPOBHUILITBA KOKCY 3
PO3POBEKOIO BAPABAHHOI CYIIAPKHA
cryaentka [{rona H.B., k.T.H., nou. Crenantok A.P.
HanionanbHUIl TeXHIYHUI YHiBepCUTET Y KPaiHU
«KuiBcbKui nmoirtexHiyHui iHcTutyT iMeHi Irops Cikopebkoro»
AHorauisi: Haseoena MexHON02Is BUPOOHUYMEBA KOKCY. Onucano
cxemy bapabannoi cywapxu. OOIpyHMOBAHO HeOOXIOHICMb MOOEpHI3ayii WAAXOM
B8CMAHOBICHHS BHYMPIWHIX  3Y04acmux —elemMenmis y KOHCMPYKYilo oapabauHoi
CYUAPKU.
Kuawuosi caoBa: KOKC, MOJIEPHI3ZALIA, BAPABAHHA CVYIIIAPKA,
3YBYACTI EJIEMEHTU, TEIIJDIOOBMIH, BOJIOI'ICTbH

The raw material is heated in two streams through heat exchangers and furnaces
to 520 °C and fed into a rectification column for primary separation. Heavy residues
from the bottom of the column are reheated in furnaces and sent to coke chambers,
where cyclic coke formation, cooling and unloading by hydraulic cutting take place.[1]

Gases and petroleum vapours from the top of the chambers enter a scrubber for
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separation into water and distillates. Medium fractions from column 6 are directed to a
column, from which, after further purification, light and heavy gas oils are shipped to
storage. The overhead products of the main column pass through condensers and a
separator to obtain gas and petrol, which is subsequently brought to specification in the
column. The system operates on the principle of complete heat recovery, whereby the
excess energy of the streams is used for steam generation and heating of the incoming
feedstock.
The aim of the work is the modernisation of the drum dryer shown in Figure 1.
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1 — furnace; 2 — feed chute; 3 — drum; 4 — rollers; 5 — discharge chamber;

Figure 1 — Drum dryer scheme [2]

Wet material enters the drum 3 through the feed chute 2, where, during rotation,
it is picked up by internal blades. These blades lift the raw material to a certain height
and evenly drop it down, creating a dense curtain of material across the entire cross-
section of the unit. Simultaneously, flue gases from chamber 1 enter the drum and pass
through the curtain of material, intensively evaporating moisture due to the large
contact area provided by the blades. Thanks to the inclination of the body, mounted on
rollers 4, and constant mixing, the dried coke gradually moves to the discharge

chamber 5, where it is separated from the exhaust gases and removed from the unit [3].
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Advantages:

- High productivity, allowing the processing of large amounts of wet material in
a continuous mode;

- Versatility of use, enabling the drying of feedstock with different physical
properties and initial moisture content;

- Reliability and simplicity of the design, due to the use of a robust metal drum
body 3 and stable supporting rollers 4;

- Process automation, as the continuous movement of material from feed chute 2
to discharge chamber 5 is easily controlled;

- The possibility of using different heat carriers, including direct heating with a
mixture of air and fuel supplied to furnace 1;

- Effective mixing ensured by constant rotation of the cylindrical body around
its axis.

Disadvantages:

- Mechanical abrasion of the final product when it falls from the blades during
the rotation of working part 3;

- The need to clean gases from fine dust at the exit from discharge chamber 5;

- Complexity of sealing the joints between the rotating drum and the stationary
furnace 1 and discharge chamber;

- Significant energy consumption in heating the drying agent.

Disadvantages which | intend to eliminate with the proposed solution for drum
dryer modernisation:

- Uneven drying of material — thanks to the toothed shape of the blades, the
feedstock flow is crushed into smaller parts, allowing hot gases to evenly heat each
unit of raw material;

- Formation of lumps and sticking of wet feedstock — sharp teeth on the blades
act as crushers, mechanically breaking up stuck masses during lifting and pouring

inside the drum;
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- Low heat exchange intensity — the toothed structure greatly increases the total
contact area between coke and drying agent, as it creates a more branched and dense
curtain of material in the working space.

Description of the modernisation of the drum dryer (Figure 2).

The modernisation involves changing the internal structure of the working drum

by installing special toothed blades instead of standard smooth partitions.

Figure 2 — Scheme of drum dryer modernisation with implementation of toothed
blades

The toothed parts are arranged along the entire length of the inner surface of the
drum and have uniform cut-outs resembling a comb. During drum rotation, these teeth
pick up the wet coal feedstock or coke, lift the raw material to a certain height and
periodically drop it down. This geometry allows not only to pour the material in a solid
layer, but also to disperse it, creating the densest and most uniform curtain inside the
unit.

Specific advantages of my modernisation:

- Intensification of heat and mass transfer — due to better fragmentation of the
material flow by the teeth, the contact area between the raw material and the hot heat

carrier increases several times;
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- Effective loosening — sharp toothed edges mechanically break up stuck lumps
of moist feedstock, preventing the formation of large agglomerates;

- Uniform residual moisture — the cascading effect ensures equal heating of
both small and large coke fractions throughout the volume;

- Improvement of the final product quality — stable moisture indicators of the
feedstock after drying contribute to optimal progression of the subsequent coking
process in the chambers;

- Reduction of processing time — accelerated moisture removal allows

increased speed of material passage through the drum without loss of drying quality.
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EXERGY ANALYSIS OF HEAT EXCHANGERS AS A BASIS FOR
IMPROVING ENERGY EFFICIENCY AND REDUCING ENVIRONMENTAL
IMPACT
assistant Byshko Mykyta.

National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: This paper considers the application of the exergy approach for
evaluating the performance of heat exchangers in industrial energy systems. It is
shown that conventional energy analysis is insufficient for identifying the quality of
energy losses, whereas exergy analysis allows quantification of irreversibilities and
inefficiencies. The main governing equations are presented, and the influence of
design, hydrodynamic, and operational factors on exergy efficiency and environmental
Impact is discussed.

KEY WORDS: EXERGY, HEAT EXCHANGERS, ENERGY EFFICIENCY,
IRREVERSIBILITY, HEAT TRANSFER, FOULING, ENVIRONMENTAL
IMPACT

EKCEPITETUYHUMN AHAJII3 TEIIJIOOBMIHHUX ATTAPATIB SIK
OCHOBA IMNIABUIIEHHA EHEPTOE®EKTUBHOCTI TA 3SMEHIIEHHSA
EKOJIOTTYHHOT'O HABAHTAXEHHSA
acucTteHT buiko M.A,

HartionanpHuit TEXHIYHUN YHIBEPCUTET YKpaiHU
«KuiBchbKU MOMITEXHIYHUN 1THCTUTYT iMeH]1 Iropst CiKOpchKOro»

AHOTAIIS: po3risHyTO 3aCTOCYBAaHHSI €KCEPreTUYHOrO MAXOAy st
OI[IHIOBaHHS €()DEKTUBHOCTI TEMJIOOOMIHHUX amapaTiB y MPOMUCIOBUX €HEPTeTHUYHUX
cucrtemax. [lokazaHo, 0 TpaauLiHUN E€HEePreTUYHUN aHalli3 HE J03BOJISIE TTOBHOIO

MIpot0 1eHTU(]IKyBaTH BTpPATH SKOCTI €HEprii, TOMlI SIK EKCEepPreTUYHUNl METO]
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3a0e3mnedye OIiHKY HeOOOpPOTHOCTEH Ta JpKepen 3HWkeHHs edextuBHOCTI. HaBeneno
OCHOBHI  DIBHSHHS €KCeprii Ta TpOaHAi30BaHO BIUIUB KOHCTPYKTHBHHX,
TIPOIMHAMIYHMX Ta EKCIUTyaTaliiHUX (aKTOpIiB HA EKCEPreTU4YHY e(PEeKTHUBHICTH
TEIUIOOOMIHHHUX arapaTiB 1 OB’ s3aH1 €KOJOT14HI HACIIIKH.

KJIIOYOBI CJIOBA: EKCEPI'TA, TEIUIOOBMIHHI  AITAPATHU,
EHEPI'OE®EKTUBHICTh, HEOBOPOTHOCTI, TEIUIOIIEPEJJAYA, OVYJIIHT,
EKOJIOI'TYHA BE3ITEKA

Modern industrial energy systems are characterized by significant energy losses
that cannot be fully identified using classical energy analysis based on the first law of
thermodynamics. While the first law ensures energy conservation, it does not provide
information about energy degradation or the actual ability of energy to perform useful
work. In contrast, exergy analysis, based on the second law of thermodynamics,
enables a more comprehensive evaluation of thermodynamic efficiency by considering
both the quantity and quality of energy and its deviation from environmental
equilibrium [1,2]. This makes exergy a powerful tool for identifying true inefficiencies
in complex thermal systems, particularly in energy-intensive industrial processes.

Heat exchangers are among the most important components of thermal systems,
widely used in power engineering, chemical processing, refrigeration, and process
industries. A considerable part of system inefficiency is associated with
irreversibilities occurring during heat transfer processes, fluid friction, and mixing
effects. Even in well-designed equipment, thermodynamic losses arise due to finite
temperature gradients and non-ideal flow conditions. Therefore, exergy-based methods
are widely used for performance assessment, diagnosis, and optimization of such
equipment, allowing engineers to quantify not only energy losses but also their
thermodynamic significance [3].

Theoretical Foundations of Exergy
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The concept of exergy represents the maximum useful work that can be
extracted from a system as it comes into equilibrium with a defined reference
environment. The specific exergy of a flowing stream is defined as:

e = (h—hy) —To(s — sp)

where h is enthalpy, s is entropy, and subscript O denotes the reference
environmental state [1].

This formulation highlights that exergy is not conserved like energy but is
continuously destroyed in real processes due to irreversibilities.

The exergy of heat transfer is given by:

Fo=0(1-7)

This expression demonstrates that the thermodynamic value of heat strongly
depends on its temperature level relative to the environment. As the temperature of the
heat source approaches ambient conditions, the ability of heat to produce useful work
decreases rapidly, eventually tending to zero when T = To [2]. This concept is
fundamental for evaluating low-grade heat utilization and waste heat recovery systems.

Exergy Balance of a Heat Exchanger

For steady-state operation, the exergy balance of a control volume such as a heat
exchanger can be expressed as:

Ein = Eout = Edest
where E,,. represents exergy destruction due to irreversibilities [1].
This term is always positive and quantifies the thermodynamic penalty

associated with non-ideal processes.
Exergy efficiency is defined as:

I E:u.sefu.l
Einpu.t

Unlike energy efficiency, exergy efficiency reflects how effectively the input

exergy is converted into useful output, making it a more stringent and realistic

performance indicator for thermal systems.
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Sources of Exergy Destruction

The main sources of exergy destruction in heat exchangers include:

— heat transfer across finite temperature differences between hot and cold
streams;

— pressure drops in flow channels due to frictional resistance;

— viscous dissipation and turbulence effects in fluid flow;

— fouling, scaling, and surface contamination reducing heat transfer
performance [3,4].

Among these mechanisms, heat transfer with a finite temperature difference is
typically the dominant source of irreversibility. It leads to continuous entropy
generation throughout the heat exchange surface, resulting in unavoidable degradation
of energy quality. In many practical designs, this contribution significantly exceeds
losses caused by hydraulic resistance.

Environmental Aspect

Exergy destruction is directly linked to increased consumption of primary
energy resources, since irreversibilities reduce the effective utilization of supplied fuel
or electricity. Higher exergy losses require additional energy input to maintain the
same thermal performance, which consequently increases operational costs and fuel
consumption.

From an environmental perspective, this directly translates into increased CO:
emissions and a larger ecological footprint. Therefore, improving exergy efficiency is
not only a technical optimization problem but also a key strategy for sustainable
industrial development and decarbonization of energy systems [2]. In modern
engineering practice, exergy analysis is increasingly integrated into life-cycle
assessment and environmental impact evaluation frameworks.

Methods for Improving Efficiency

Improvement of exergy performance in heat exchangers can be achieved

through multiple complementary strategies:
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— implementation of counter-current flow arrangements to minimize
temperature differences along the heat transfer path;

— optimization of flow velocity and turbulence regimes to balance heat
transfer enhancement and pressure losses;

— application of advanced heat transfer intensification techniques such as
finned surfaces, twisted tapes, or micro-structured channels;

— reduction of hydraulic losses through improved channel geometry and
smoother flow paths;

— mitigation of fouling through material selection, surface treatment, and
operational control strategies [3,4].

In practice, the optimal design always involves a trade-off between enhanced
heat transfer and increased pressure drop, which must be evaluated using exergy-based
criteria rather than purely energetic ones.

Conclusion

Exergy analysis provides a more complete and physically meaningful
understanding of heat exchanger performance compared to classical energy methods.
By explicitly accounting for irreversibilities, it enables identification and
quantification of the main sources of thermodynamic losses and supports the
development of more efficient thermal systems.

The application of exergy-based optimization contributes to reduced energy
consumption, improved system performance, and lower greenhouse gas emissions. As
industrial systems become increasingly complex and energy efficiency requirements
more stringent, exergy analysis is expected to play an even more important role in the
design and optimization of sustainable energy technologies.
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YK 66.063.6:66.011.4:547.292

HIJABIP MIIIAJIKA AJ51 PEAKTOPA Y JIIHII BAPOBHUIITBA OLITOBOI
KHNCJIOTHU
ctynent Kpyroronos O.C., kepiBauk Cemincbkuii O.0.
HauionanbHuil TexHiYHMIl yHIBepcuTeT YKpainu

«KuiBcbKuil noJiTexHivHui iHcTUTyT iMeHi Irops Cikopcbkoro»

AHoTtauis. Pozensanymo nioxio 00 éubopy mMexauiuHoi Miaiku 0is peakmopa y
JHIT upobHuymea oymosoi kuciomu. Illokazano, wo 011 cucmem 2az—piouHa 3
2OMOEHHUM Kamanizom O0oyinvbHe 3acmocysanusi mypOinnux miwanok. Ocobaugy
yeazy npudinero inmencugixayii npoyecy. 3anponoHo8aHo KOHCMPYKYIIO CRIPATbHO2O
bapbomepa, iHmez2posanoco 3 pobOYOI 30HOI0 MIUAIKU, WO 3abe3neyye nooavy 2azy
be3nocepeonvbo 8 0b1acms BUCOKUX 2padieHmis weuokocmi. Ompumani pe3yromamu
MOJHCYMb OYMU BUKOPUCMAHI NPU NPOEKMYBAHHT MA MOOepHI3ayii peakmopié cCunmesy
oYmoBol KUCI1omu.

KJIFOYOBI CJIOBA: KHNCJIOTA OLTOBA, MIIIIAJIKA,
[TEPEMIIIYBAHHA, PEAKTOP.

OrnroBa KHCIIOTa 1€ OAWH 13 0a30BUX MPOAYKTIB XIMIYHOI MMPOMHCIIOBOCTI, IO
IIMPOKO BUKOPHUCTOBYETHCA Y BUPOOHHULTBI MOJIIMEPIB, PO3UMHHHUKIB, alleTaTIB Ta
IHIIMX OpraHIYHMX CHOJYK. Y MPOMHUCIOBUX YMOBaX il OTPUMYIOTh XIMIYHUMHU
METOJaMH, SKI peali3yloThCsi B peakTopax 3 mnepeMilryBaHHsIM. EdexTuBHICTH
nepediry peakiiii 3Ha4HOK MIPO0 3aJIeKUTh BiJl TIAPOJAMHAMIYHMX YMOB y amapari,
30KpeMa PIBHOMIPHOCTI PO3MOJINTy PEarceHTiB, IHTEHCUBHOCTI TEIJIOOOMIHY Ta
BIJICYTHOCT] JIOKaJIbHUX TEPETpiBiB. Y 3B’SI3Ky 3 IIUM OJIHUM 13 KJIFOUOBHX ETariB

MIPOEKTYBAHHS peakTopa € BUOIp MIlIaJKU, KA MOBUHHA 3a0e3MeuyBaTh HEOOX1THUM
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piBEHb MepeMillyBaHHs, CTa0IBHICTh MPOIECY Ta pallioHaJIbHI €HePreTUYHI BUTPATH.
[1], [2].

106 mpaBuIbHO 00paTH MIMIANIKY BaXKJIMBO PO3YMITH ii B3a€EMOJIIIO 3 PIIMHOIO.
[Tin wac BuOOpy ciifg 0OOB'SI3KOBO BpaxOBYBAaTH BJIACTMBOCTI CEPEIOBHINA, TakKi SK
B'S3KICTh Ta XapakTep IIOTOKIB, BHUMOTH JO I1HTEHCHBHOCTI OOMIHY TEIUIOM 1
pEUYOBMHAMH, a TaKOX 3arajbHy €(eKTHBHICTb, SIKa 3aJICKUTh Bil PIBHOMIPHOCTI
nepeMilryBaHHs Ta eHeproButpar. OCKUIBKM pi3HI THIM MIMIAJOK CTBOPIOIOTH
MPUHIIMIIOBO BIIMiIHHI CTPYKTYpHU MOTOKSd, KO’KHA 3 HUX Ma€ CBOIO cienudiuny cepy
3acToCyBaHHA. [3], [4]

VY po3risHyTIl TEXHOJOTIT BUPOOHMIITBA OLITOBOI KHUCIOTH BHUKOPUCTOBYETHCS
piakoga3He KapOOHUIYBaHHS METAHOIY MOHOOKCHIOM BYIJVIEHIO B MPUCYTHOCTI
TOMOTEHHOI KaTaJiTUYHOI CHCTEMH Ha OCHOBI KOOpJAMHAIIMHMX CHOJYK POAII0 Ta
rajjoreHHoro mnpomortopa. llpomec mnpoBoauThCS B PIAKOMY CEpPEAOBULIIL  3a
temrniepatyp 100...240 °C 1 cynpoBOIKyeTbCs Oe3nepepBHUM 0apOOTYBaHHAM
ra3ono/iioHOT0 KOMIIOHEHTa Yepe3 peakIiiHy CyMilll, /i€ PO3YMHEHUW aKTUBHHM
POJIIEBHII KOMIUIEKC Ta MOJUCTUH MeTWI. 3a IIUX YMOB KPUTHYHO BAXKIUBUM €
3a0€3Me4YeHHs]  IHTEHCMBHOTO  TEIUIOOOMIHY  JUJIi ~ TOYHOTO  MIATPUMAHHSA
TEMIIEPATYPHOTO PEXUMY, a TaK0X BHCOKOC(PEKTUBHOIO TIEpEMIlIyBaHHS s
PIBHOMIPDHOTO  PO3MOJAUTY PIAKUX pPEAareHTIB, pPO3YMHEHOIr0 KaTajizaropa Ta
JUCTIEPrOBaHUX OYyIHOAIIOK Ta3y MO BChOMY 00’€MY peakTopa, 10 FapaHTy€e BUCOKY
CEJIEKTUBHICTb 1 MPAKTUYHO TOBHY KOHBEPCIKO CUPOBHUHH.

BpaxoByroun HEOOXIAHICTh MOCTIHHOTO NPOIMYCKAaHHS Ta3y uepe3 pIlauHYy,
HaWJOIIbHINIE BHUKOPUCTATH TypOiHHY Mimanky. BoHa cTBOplo€ I1HTEHCHUBHY
TypOyJIEHTHICTB, 00pe AucHeprye Oyab0aliku MOHOOKCHAY BYTJIEIIO Ta PIBHOMIPHO
po3noause ix y piakomy cepenosuiii. [1{o6 pinnaa mpocto He obepTanacs Mo KOy
pa3oM 13 MINIAJIKOIO 1 HE YyTBOpIOBaja MHOOKY BOpPOHKY, Ha CTIHKax amapara
BCTAHOBJIIOIOTh BiAOWBHI Meperopojaku. Po3paxyHku cBiguath, MO JUIS 3aJaHOTO

amapaTy BCTAHOBJICHHS JIMILE OJHIET TypOIHM IIJIKOM JOCTATHE, OCKIJIBKU J03BOJISIE
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CTBOPHUTH JAOCTAaTHHO MOTYKHY ITUPKYJISIIIO, KA MOBHOLIIHHO OXOIIIOE BECh POOOUHIA
00'em amapata Ta 3a0e3nedye cTablIbHUIN epedir CHHTE3Y.

Inest MoaepHizallli peakTopa MOJsATaE y BCTAHOBIICHHI CIipaJibHOTO OapOoTepa
(puc. 1) misg momadi ra3oBOro KOMIIOHEHTA, KWW 3a0e3nedye HarHiTaHHS THUCKY,
pPIBHOMIpPHE BBEJICHHS ra3y B peakiliiiHy cyMiml Ta €()EeKTHBHHH PO3MOJIII Ta30BUX
OynbOaliok y cepeloBUIlll Mija yac mepeMinryBanHsA. [IpormoHOBaHa KOHCTPYKIS, sKa
MPOCTOPOBO  CYMIIIIA€  30HY BBEIEHHS Tazy i3 30HOI0 MaKCHUMAaJIbHOTO
NEepepO3NOIITICHHS JIOKaJTbHUX MOTOKIB PIAMHM, € OJHUM 13 BU3HAYAJIbHUX (DaKTOPIB

JUTSl 3HAYHOI IHTEeHCH(IKaLIll MPOLECIB B pEAKTOPI.

Pucynox 1 — 3anponoHoBana i1est MOJAEpHi3alii

Cnucok BUKOPUCTAHOI JITEPATYPH:
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EQUIPMENT FOR CHEMICAL PRODUCTION AND BUILDING
MATERIALS ENTERPRISES
Student Igor Kovtun, PhD, Assoc. Prof. Igor Andreev
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

Abstract: The main types of equipment used in chemical production and at
construction materials enterprises are considered. The purpose, principles of
operation and features of operation of technological devices and machines are
described. The evolution of industrial equipment, its advantages compared to
installations of previous generations, as well as the main disadvantages and prospects
for further development are analyzed.

Keywords: AUTOMATION, EQUIPMENT, ENERGY EFFICIENCY,
DEVICES, HEAT EXCHANGE, CALCULATIONS

OBJIAIHAHHA JJIA XIMIYHOI'O BUPOBHHUIITBA TA
HNIAINPUEMCTB BY AIBEJIBHUX MATEPIAJIIB
Crynent Irop KoBTyH, K.T.H., 1011. [rop AHApEEB
HaunionanbHuUil TeXHiYHMI YHiBepcUTeT Y KPaiHu
“KuiBcbKuil moJiiTexHiyHui iHcTutyT iMeHi Irops Cikopebkoro”

AHoTanin: Posenanymo ocHO8HI 6uou 001AOHAHHA, WO 3ACMOCOBYIOMbCA Y
XIMIYHUX BUPOOHUYMBAX mMa Ha nionpuemcmeax 0yoisenvHux mamepianie. Onucano
NPUBHAYEHHs, NPUHYUNU pobomu ma O0coOIUBOCMI eKCnayamayii mexHoJI02IYHUX
anapamie i mawuH. IIpoananizosano egonoyito NPOMUCIOB8020 00ONAOHAHHSA, U020
nepeeazu HNOPIGHAHO 3 YCMAHOBKAMU NONEPEeOHIX NOKOJNIHb, a4 MAKOMC OCHOBHI

HeOoiKu ma nepcnekmueu nOOAIbULO2O PoO36UMKY .

Kuaruosi cinoBa: ABTOMATU3ALIA, OBJIATHAHHA, EHEPI OEPEKTHUBHICTH,
IIPUCTPOIL, TEITJIOOEMIH, PO3PAXYHKHU
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XiMiyHa MPOMUCIIOBICTh 1 MMPOMUCIIOBICTh OY/IBEIIBHUX MaTepiajiiB HaJIeKaTh
70 TIPOBiMHUX Tramy3eil CydacHOro BHMPOOHMITBA. IX PO3BHTOK O€3MOCEpPETHBO
3QJICKUTH BiJl PIBHS TEXHIYHOTO OCHAIIICHHS MIANPHUEMCTB, OCKUIBKU came 00J1aTHaHHSI
3a0e3neuye BUKOHAHHS OCHOBHHMX TEXHOJIOTTYHHMX MPOIECIB: MIATOTOBKY CUPOBUHH, il
nmepepoOKy, TPAHCIOPTYBaHHS Ta OTPUMaHHS TOTOBOI mpoxaykmii. Jlo HaiOimbmI
MOIIMPEHUX BHJIIB OOJIAHAHHS HAJIEKAaTh PEaKTOpU, TEIJIOOOMIHHUKH, (DUIBTPH,
Cymapku, IpoOapKu, MIIMHH, 3MIIITyBadi, KOHBEEPH Ta BUTIATIOBAJILHI TTEYi.

[lepuri mpoMHUCIOBI YCTAHOBKU BIJ3HAYAIUCS HEBEIHUKOIO MPOAYKTHUBHICTIO,
3HAUHUMM BUTpaTaMH €HEprii Ta BHUCOKOI YACTKOW Py4yHOI mparli. buiburicts
omepallii KOHTpOJIOBaIacs O€3MOcepeHbO IMpalliBHUKAMU, M0 30UIbIIYBAJO
WMOBIPHICTh TIOMIJIOK Ta aBapiiHUX CHUTyallld. 3 PO3BUTKOM HAyKH 1 TEXHIKH
oONaHaHHS TMOCTYMOBO BIOCKOHAIIOBAIOCA: 301IbIIyBajlacs MOro TMOTYXKHICTD,
MOKpAIIyBaJIMCS KOHCTPYKLIMHI Marepialid, BOPOBAKYBAIMCS aBTOMATH30BaHI
CUCTEMU KEepyBaHHS Ta KOHTPOJIO TEXHOJOTIYHUX MapaMeTpiB.

VYrupoBamkeHHd aBTOMaTH3alil y XiMiYHOMY BHPOOHMUTBI 0a3zyeThcsi Ha
BUKOPUCTAHHI CyYaCHHMX DPIllIeHb, $KI MIJABUIIYIOTh €()EKTHUBHICTh 1 OE3MEeYHICTh
npoiieciB. OCHOBHI IHCTPYMEHTHU BKJIHOYAIOTh:

— SCADA (Supervisory Control and Data Acquisition). Taki TexHOOTIT
3a0€3Meuyt0Th MOHITOPUHT 1 KOHTPOJIb BUPOOHUYUX MMAPAMETPIB Y PEKUMI PEaTbHOTO
qacy, 30KpeMa ctabiii3alliro TEMIEepaTypH Ta TUCKY.

— DCS (Distributed Control Systems). BuxopucToBYHOTbCS IJisi CKJIQIHUX
Oe3nepepBHUX  TPOLIECIB, HAMPHUKIaA, Yy  HAQTOXIMIYHIA  MPOMHUCIOBOCTI,
3a0€e3Meuyoun CTabUTbHICTh 1 TOYHICTb.

— PLC (Programmable Logic Controllers). [IporpamoBani moriuyHi KOHTpOJIEpU
MpU3HAYeHl JJIS aBTOMAaTH3allii OKpeMHX BY3JiB O0OJaJHAHHS — BiJ HACOCIB 0

KJIaMaHiB, [0 PETYJIOI0Th PyX pearcHTiB.
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— 0T 1 po3ymui naTunku. J[03BOJSIOTH BiICTEKYBATH MapaMeTpy BUPOOHUIITBA
B peaJIbHOMY 4aci, MPOTHO3YIOUH 3HOC 00JIaHAHHS.

[Moemnanns gatuukiB loT 3 iHCTpyMeHTaMU MITYYHOTO 1HTENEKTY AAa€ 3MOTY
nepeadavyaTy  IMOJOMKM Ta CKOpouyBaTH IpocToi oOmamHanHs Ha 10-15%.
Jlnst papManeBTHYHUX 3aBO/IiB aBTOMAaTU30BaHI CHUCTEMM JO3YBaHHS MiJBUIIYIOTh

TOYHICTH 10 99%, 3HIKYIOUN BiJIXOJIH.

[Tpu BUKOpUCTaHHI JaHUX IHCTPYMEHTIB MOTPIOHO BPaXxOBYBATH:

— CTIMKICTh O0JaHAHHS JI0 arPECUBHUX CEPEIOBUII;

— MOKJIMBICTH 1HTETpaIlii 3 ICHYIOUMMHU CUCTEMAaMH;

— BIJAMOBIIHICTh MI>kKHapoiHUM ctanjapTam Oesneku (ISO, ATEX touio);

— eHeproeeKTUBHICTh Ta MPOCTOTY 0OCIYTOBYBaHHS.

Y 2026 pormi ximiuna npommucioBicTh nepexoauts 10 Inayerpii 4.0, 1e
KJIFOYOB1 TPEH/U BKIIIOYAIOTh:

- PoGotuzania. Pobotu miiga makyBaHHS, 3MIIIyBaHHS 4M TPaHCHOPTYBaHHS
HeOe3MeYHNUX PEYOBUH 3HIKYIOTh PU3HK aBapii.

- Irtyunwnii intenekt (Al). MoxxHa BUKOPHUCTOBYBATH Jisi MPOTHO3YBAaHHS
MOMUTY, ONTHMI3alli peakmiid 1 3MEHIIEHHs BIAXOJIB. [HTeNeKTyaabHl aJIrOpUTMHU
Jal0Th 3MOTY 3MEHINUTH BUTpaTH CcUpoBUHH Ha 5-10% 0e3 3HUXKEHHS SKOCTI
MPOJTYKLIi.

- Iudposi ABIHHUKY. JJ03BOJSAIOTH MOJETIOBATH Ta TECTYBAaTH Mpouecu 0e3
(aKTUYHO1 3yMUHKH I ATPUEMCTBA.

- EneproedextuBHicTh. CHCTEMH aBTOMATH30BAHOTO EHEPrOMEHEIHKMEHTY
JaI0Th 3MOTY 3HU3UTH BUTpaTH enekTpoeneprii Ha 20—30%, HanpuKIIa, y CyImmIbHIX
YCTaHOBKAaX 13 TEXHOJIOTIEI0 KOHTPIIOTOKY.

[li iHHOBamii JOMOMArarTh MIANPUEMCTBAM BIJAMOBIIATH  €KOJOTIYHUM

CTaHAapTaM 1 3JIMIIATUCS KOHKYPEHTOCTIPOMOKHUMH Ha TI100aTbHOMY PHHKY.
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[TpoTte, He3BakaouuW Ha PsA OYEBHIHUX IMO3UTUBHUX PE3yIbTATIB IHUPPOBOI
TpaHc@opMmarlii Ha XiMiYHY TPOMHUCIIOBICTb, ICHYIOTh MIEBHI BUKJIMKH 11 BOPOBAXKCHHS
B IIPAKTUYHY JISJIBHICTh XIMIYHUX KOMIIAHIH, cepel AKHX:

— HEJOCKOHAJICTh 1HMPACTPYKTYpu JUIsl TIOBHOI 1HTerpamii mnudpoBUX
TEXHOJIOT1M y MapKeTuHroBi ctparerii. Jlume 47% XiMIYHMX TIIIPUEMCTB MalOTh
JOCTaTHhO  PO3BUHEHI 1U(POBI  IHCTPYMEHTH HJisi TOBHOI  aBTOMAaTH3aIlii
O13HEeCTPOLIECiB;

— HecTaya KBaJli(PiKOBAaHHUX KaJApIB JJIsi €PEeKTUBHOTO BIPOBAKEHHS HU(DPOBUX
TeXHOJIOT1M. biau3pko 53% kommnaHii 31IITOBXYIOThbCS 3 OpakoM (axiBLiB, 34aTHUX
mpaioBaTd 3 CYYaCHUMU AaHAJIITUYHUMU CHCTEMaMd Ta aBTOMAaTHU30BaHUMU
maThopMamu;

— BHUCOKI (iHaHCOBI BUTpaTH Ha HUpoBy Tpanchopmaio. [lonamx 60%
KOMITaHIi BBa)KaIOTh BUTPATH HA BIPOBAKEHHS U(POBUX PIIICHb HAJTO BUCOKHUMH,
10 YCKJIAHIOE IXHE MAcIITaOHE 3aCTOCYBaHHS;

— npo0seMH 3 KiGepOe3neKoro Ta 3aXUCTOM KoMepUIiHuX JaHux. bimsbko 42%
XIMIYHUX MIANPUEMCTB  BIJ3HAYalOTh 3POCTaHHS pU3MKIB  KiOepaTak  Micis
BIPOBAHKEHHS ITU(GPOBUX TEXHOJIOT1H;

— HU3BKUU piBEHb iHTETpallii nudpoBux miardopm y 6i3Hec-moxaeni. Jlumre 35%
KOMIIaHiil aKTUBHO BUKOPUCTOBYIOTh aHANITUKY BelIMKuX qaHux Ta CRM-cucremu amns
YIPABIIHHSI MAPKETUHTOM 1 IPOIa’KaMHU.

Ilepesik nmocuiiann
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promyslovosti/
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20250319.pdf Cm. 8
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YK 66.074.51

YAOCKOHAJIEHHA BY3JIA BBEJEHHSA I'A30BOI'O ITIOTOKY B
HACAJIKOBOMY ABCOPBEPI JITHII BAPOBHUIITBA ALIETUJIEHY
crynent Kaminosebkuit O.A., kepiBHuk CeMincbkuit O.0.
HauionanbHuil TexHiYHMIl yHIBepcuTeT YKpainu

«KuiBcbKuil noJiTexHivHui iHcTUTyT iMeHi Irops Cikopcbkoro»

AHoTaWisA: YV pobomi posensiHymo MoOepHi3ayilo 8y31a B68edeHHs 2a3) 8
Hacaokogomy abcopbepi ninii 6upoOHUYmMEa ayemuneHy. 3anponoHOBAHO HOBY
KOHCMPYKYII0 2A30p03N00LTIbHO20 KONEKMOopa ma 8UKOHAHO AHA3 PO3NOOLLY 2A308020
NOMOKY 6 anapami.

KJIIOYOBI CJIOBA: ALETHUIEH, HACA,Z[KOBHPI ABCOPLBEP,
TPYBUYACTUU KOJIEKTOP, TA30OPO3IIOIUJIbHUN ITPUCTPII, MACOOBMIH.

Abstract: The paper considers modernization of the gas inlet unit in a packed
absorber used in an acetylene production line. A new gas distribution collector design
is proposed and gas flow distribution within the apparatus is analyzed.

KEYWORDS: ACETYLENE, PACKED ABSORBER, TUBULAR
COLLECTOR, GAS DISTRIBUTOR, MASS TRANSFER.

VY cydacHOMYy BUPOOHMIITBI alIETWJICHY BXKJIMBUM €TallOM € OYMIICHHS a3y Bijl
JOMIIIOK, SIKI YTBOPIOIOTHCA TMIJ 4Yac B3aeMOAll KapOiny Kanublito 3 Boaorw. s
3MIMCHEHHS I[HOTO TIPOIIECY HIMPOKO 3aCTOCOBYIOTHCS HAcaakoBi abcopbepu, 10
3a0e3MeuyloTh 1HTEHCUBHMM MacoOOMiIH MIXK Ta30BOI0 Ta PIAKOI  (a3zaMmu.
EdextuBHicTh poOOTH Takoro oOJagHAHHS 3HAYHOK MIPOK 3aJICKHTh  Bij
PIBHOMIPHOCTI PO3MO/Iiy Fa30BOT0 MOTOKY I10 MONEPEYHOMY Tepepi3y amapata [1].

VY TumoBii KOHCTPYKIli HacaakoBoro abcopOepa mojaya rasy 3A1HCHIOETHCS

yepe3 IMITynep, OOJaJHaHWK BiIOMBHMM  KOBIAKOM, PHUCYHOK 1. OCHOBHHM
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NPU3HAYCHHSAM KOBIAKa € 3aXHUCT BXITHOTO MaTpyOka BiJ MOTPAIUISTHHS PIAWHU Ta
YaCTKOBE IEpPEHAIpaBlICHHS MOTOKY B 00’eM amapata. IIpoTe Taka KOHCTpYKIis He
3aBXaAM 3a0e3leuye PIBHOMIPHUW PO3IMOAUT Ta30BOTO IMOTOKY TIO TOMEPEYHOMY
nepepizy KOJIOHH. Y pe3ynbTaTi MOXKYThb BHMHUKATH JIOKQJIbHI 30HM IiABHILEHHX
MIBUJIKOCTEH, IO MPHU3BOAUTH 1O HEPIBHOMIPHOTO BHUKOPHUCTaHHS HACaIKU Ta

3HIDKCHHS €)EKTUBHOCTI MaCOOOMIHHOTO MPOIIECY.

Pucynox 1 — KoHCTpyKIlis TUIIOBOTO By3Jia BBEJICHHS a3y 31 MITYIIEPOM Ta

B1IOMBHUM KOBIIAKOM.

3 MeTow MiABUIIEHHS e(QEeKTHUBHOCTI poOOoTH abcopOepa 3ampornoHOBAHO
MOJICpHI3AIliI0 By3Jia BBEJIEHHS ra30BOro noToky. CyTh MOJIEpHI3aIlil MOJIATae y 3aMiHi
TPaAMIIIHOrO IITyHepa 3 BIAOMBHUM KOBIAKOM Ha TpyO4yacTHil KOJEKTOp 13
CUCTEMOIO OTBOPIB, pUCYHOK 2. PO3MillIeHHS] OTBOPIB HA HMKHIM OBEPXHI KOJIEKTOpa
JI03BOJISIE TIOKPAIIATH PO3IOJALI ra3y Mo 00’eMy KOJOHM Ta 3aro0IirTH MOTPAIISTHHIO

PIAMHYU BCEPEAUHY PO3MOILIBYOTO MPUCTPOIO.
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Pucynok 2 — TpyOuacTuii KOJIEKTOp 3 OTBOpaMH, CIIPSIMOBAaHUMHU BHU3.
3anmpomnoHOBaHUM KOJIEKTOP MPAIIOE 32 MPUHIIMIIOM PO3MOUIbHUKA TTOTOKY. ['a3,
HAJXOJASA4YU JI0 KOJEKTOpa, PIBHOMIPHO PO3MOJLISETHCS MK OTBOPAMU Ta BUXOJUTH
OKpPEMHUMHU CTPYMEHSAMH TIO BCii poOOdiil MOBXKMHI KOJEKTOpa. 3aBISKUA IIHOMY
JOCATAEThCSI TOKpAIIEeHHs] BUKOPHUCTaHHSA poOodoro 06’emy amaparta. Kpim Toro
3HIDKYETBCSL WMOBIPHICTh YTBOPEHHSI 3aCTIMHMX 30H 1 KaHalIB IEPEBAKHOTO
MIPOXOJIPKEHHS ra3zy 4yepes3 Iap HaCaJKu.

Po3paxyHOK KoJieKTOpa MOKE€ BHUKOHYBATHCSI Ha OCHOBI YMOBHU 30€peKEHHS
MacoBoi BuTpatn ra3zy. CyMmapHa Iuionja BCiX OTBOpIB IOBHHHA 3a0e3MnedyBaTu
MPOITYCKAHHS 33/1aHOi BUTPATH rasy 3a JONYyCTUMHUX IIBUAKOCTEN BUTIKaHHS. [l yac
NPOEKTYBAaHHS TaKOXX HEOOXIJHO BpaxoBYBaTH BTpPaTH THUCKY B KOJEKTOplI Ta
PIBHOMIPHICTh BUTpaTH uepe3 oOKpemi oTBopu. OIHHUM 13 KpHUTEpliB BHOOPY
napaMeTpiB KoJIEKTOpa € 3a0e3NeyeHHs] 0JHAaKOBUX YMOB I0Jayl raszy o BcCiil Horo

JIOBXKHUHI.
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Pucynoxk 3 — [lopiBHSIHHS pO3MOIJICHHS ra3y:

a — ITyLep 3 BIIOMBHUM KOBIAKOM; O — TpyO4YaCTHI KOJIEKTOP 3 OTBOPAMH .

Jns  omiHkM  e(eKTUBHOCTI  3ampoINOHOBAHOI  MOJEpHi3allii BUKOHAHO
KOMIT'FOTEPHE MOJENIOBAaHHS pO3MOJLITY Ta30BOr0 MOTOKY B HIKHIA YaCTUHI
abcopOepa. [lopiBHSIHHS pe3ynbTaTiB MOJCTIOBAaHHS HaBEACHO Ha PUCYHKY 3. O0uaBa
MOJIETIIOBaHHSI TMPOBOJWJIMCA 32 OJHAKOBMX YMOB: 3a aTrMOC(EpHOro THUCKY,
temneparypu Tazy 20 °C Ta macoBoi Butpatu anertwieny 0,428 xr/c. Anami3
TPaeKTOpiil pyXy Ta3y MOKaszaB, IO NMPU BUKOPHCTAHHI CTAaHAAPTHOTO INTylEepa 3
B1JIOMBHUM KOBIAKOM OCHOBHA YaCTHHA MOTOKY KOHIIEHTPYETHCS B OKPEMHX 30HAX
amapara, 1[0 TPU3BOJUTH 0 HEPIBHOMIPHOTO BUKOPHCTAHHS HACaIKH. Y BHUIIAIKY
3aCTOCYBaHHS TpPyOUacTOro KOJIGKTOpa ra3 OUIbII PIBHOMIPHO PO3MOIUISETHCA TIO
nepepizy KOJOHM Ta HaIXOOUTh y poOouuii o0'eM uyepe3 CHUCTEMY OTBOPIB,
pO3TAIIOBAaHUX IO JOBXHHI KoyiekTopa. Lle crmpuse 3MeHIIeHHIO0 3acTIHHX 30H Ta
MOKPAIICHHIO YMOB MacoOOMIHY MIXK Ta30BOIO Ta piaKoro ¢azamMu B poOodoMy 00’ eMi
abcopOepa.

Takum dYHMHOM, 3ampOTNOHOBAaHA KOHCTPYKINS TpyO4acToro KOJEKTopa €

NEPCIEeKTUBHUM PpIIICHHSIM JUJIsI MOJEpHi3allii HacagkoBuUX alOcopOepiB JiHIN
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BUPOOHUIITBA AlETUICHY Ta MOXKE OYTH BUKOPUCTaHA JJIS MiJIBULICHHS €()EeKTUBHOCTI
IIPOIICCIB OUHUIIICHHS ra3iB y XIMIUHINA MPOMHUCIOBOCTI.
Jlireparypa:

1. Ilpomtecu Ta obGyiasHaHHSA XIMIYHOI TexHOJOTiT — 4. MacooOMiHHI IPOIIECH:
po3paxyHkoBa poOota [EnekTpoHHuid pecypc]: HaB4. mOCiO. AJig CTY/.
cnemianbHOCTI 133 «["amy3eBe MamumHOOYAyBaHHS», OCBITHBOI IpPOrpaMu
«KoMIT’ roTepHO-1HTErpOBaH1 TEXHOJIOT1i MPOEKTYBaHHs 00JaHAHHSA XIMIYHOL
imkenepii» / KIII im. Irops Cikopcebkoro; yknaza.: S1.M. Kopuienko, C.C.
laitnaii — EnektponHi TekcToBi gaHHi (1 ¢aiin: 4,47 Mo6aiit). — Kuis: KIII im.
Irops Cikopcbkoro. — 2023. — 94 C.

2. AunpapeeB LA. KoHcTpyloBaHHS 1 pO3paxyHOK OCHOBHHUX €JIEMEHTIB MOCYIWH
Ta anapariB [EnexTpoHHuii pecypc|: miapyd. ans 3700yBayiB  CTyHEHS
OakanmaBpa 3a cmer. 133 Tamy3eBe wmammnHoOynyBanns; KIII im. Irops
Cikopcekoro — Enektpon. tekct. nani (1 daiin). — Kuis: KIII iM. Irops

Cikopcekoro, 2024. — 428 ¢
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YK 661.7
MOJAEPHI3ALIA YCTABHOKU BUPOBHULITBA ETUJIBEH30J1Y 3
PO3POBKOIO JE®JIEITMATOPA
ctyneHt Ilepratr M.C., noueHnrt, k.T.H. ['yiienko C. B.
HaunionanbHuUil TeXHiYHUI YHiBepCUTET YKpaiHu
“KuiBchbkuii nmositexHiyauii incturyT imMeni Irops Cikopcbkoro”

AHOTAUIA: V oauiti pobomi nagedeno yOOCKOHANEHY MEXHOJI02IYHY CcXemy
BUPOOHUYMEA emUNOeH30ly 3 BUKOPUCMAHHAM OeghieemMamopa, 6UKOHAHO20 Y GUTAOL
BEPMUKANBLHO20 — KOHCYXOMPYOHO2O0 — Menioo0OMIHHUKA 3  HASPIGAHHAM  NApPOIO.
Poszensnymo npunyun pobomu anapama, npoaHanizoéaHo 1020 poiv y cmaoinizayii
Menno8020 pexcumy ma niOMpUMAaHHi ONMUMATILHO20 CKAA0y NAPOPIOUHHOL CyMiui, a
MaKkoc 0OIPYHMOBAHO OCHOBHI HANPAMU U020 MOOepHi3ayii 3 Memorw Ni08UUeHHS
eghexmusHocmi menionepeoaui, 3a0e3neweHts piGBHOMIpHoi pobomu pexmugikayitiHoi
YacmuHU YCMAaHo8KU ma eHepeo30epedcenHts.

KJIIOYOBI CJIOBA: ETWJIBEH30JI, MOAEPHI3AIIIAA YCTAHOBKHWU,
JIE®JIETMATOP, IIIJIITPIBHUK, KOXYXOTPYBHUM TEIUIOOBMIHHUK,
ITAPO®A3HUI ITPOLIEC, TEIJIOITEPEJIAYA.

Etunbenzon — apomatmunuit ByrneBojeHb ckiany CeHs—CH:—CHs, 1o
XapaKTepU3y€e€ThCsl BUCOKUM CTYNEHEM YHUCTOTU Ta CTAOUIBHICTIO (DI3UKO-XIMIYHUX
BJIACTUBOCTEMU.

Etunbenson sBisie coboro mpos3opy, 0e30apBHY PpiauHYy 3 XapaKTepPHUM
apoMaTUyHUM 3amnaxom, ryctuHoro 0,866—0,870 r/cm® Ta TemmepaTyporo KHUIIHHSA
136-137°C. Skicth eTuiIOCH301y BH3HA4Yae €(EKTUBHICTh IMOJATBIINX CTaIii
nepepoOKur, 30KpeMa MpoIecy JeripyBaHHA A0 CTUPOJy. ToMy MpOIYKT MOBUHEH
BIJINOBIJIATH BUMOTAM YWHHUX CTaHJAPTIB IIOJAO BMICTY €TWJIOCH30Jy HE HHUXKYE
99,5%, MIHIMQJIBHOTO PIBHS CTOPOHHIX apoOMaTUYHUX 1 amihaTUYHUX JOMIIIOK, a

TaKO> MOKAa3HMKIB KMCIIOTHOTO YMCia, KOJbOPOBOCTI Ta CTa0ILHOCTI MpHU 30€epiranHi
[1].
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3a0e3neyeHHs] BUCOKOiI YHCTOTH KIHIIEBOTO MPOAYKTY € KIIOUYOBOI YMOBOIO
CTaOlILHOCTI TEXHOJOTIYHOIO PEXHMY Ta MiHIMI3alii MOOIYHUX peakiiii Ha
HACTYIHUX CTaJisIX BUPOOHHUIITBA.

Y 1970-x pokax OyB ympoBaJKEHUW MapodazHuil eTHIOEH30JbHUN MPOIIEC
Mobil-Badger (pucyHok 1), skuii cTaB BaXXJIMBOIO aJIbTEPHATHUBOIO TPaAMIIIHHUM
piakodazHuM MetoaaMm ankimyBaHHsA. OCHOBOIO MPOIECY € IICOJITHHM KaTasi3aTop
Mobil ZSM-5, mo 3abe3nedye BHCOKY aKTHBHICTh 1 CCICKTHBHICTh aJIKIIyBaHHS

OCH30JTy CTHIICHOM.
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1-nednermanrtop; 2 — peaktop; 3 — TEI00OMIHHUK; 4-Hacoc;
5- pektudikailiitHa KojaoHa; 6 - ckpyoep
Pucynok 1 — Iporec Mobil-Badger mis BupoOHuUIITBa €THIOECH30ITY
Opniero 3 KIOUYOBUX TepeBar mnapodasHoro mpouecy Mobil-Badger € iioro
€KOJIOTIYHa Ta TEeXHOJOriyHa yuctotra. Ha BiamiHy Bin pinkodasHoi cuctemMu Ha

ocHoBl AICl3, B sKiil yTBOPIOIOTBCS KOPO3iWHI BIAXOAWM Ta HEOOXITHA CKIIaJIHA
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yTHII3allisl KaTamizaTopa, neomt ZSM-5 € ctabinbHUM, HEKOPO31MHUM 1 mpaliioe 6e3
YTBOPEHHS IIKIIIMBUX OOIYHHUX MPOITYKTIB.

[Tporec 3A1HCHIOETBCS y peakTopax, 110 MPalIolTh MPH BUCOKIN TemmepaTypi
400-450°C Tta mopiBHAHO HU3bKOMY THUCKy 2-3 MIla. IlizBuiuena Ttemmeparypa
3a0e3neuye ePeKTUBHE BUKOPUCTAHHS TEIJIOBOi €HEpTii: SK TEIio, 0 MOJAEThCI B
peaxkTop, TaK 1 TEMJ0Ta €K30TEPMIYHOTO aJKITyBaHHS MOXYTh OyTH pEKyIlepoBaHi y
BUIJISIIL BOJASTHOT apu. Lle mo3uTHBHO BIUIMBAE HA €HEPreTUUHY €(DEKTUBHICTh BCHOTO
BUPOOHMIITBA.

Bonnouac po6oTta 3a nmapoda3sHuX yMOB NMPU3BOJIUTH J0 MOBLUIBHOI JI€aKTHUBAI]
KarajizaTopa, CIPUYMHEHOI BIIKJIAJICHHSIM BYIJICIIEBUX (KOKCOBaHHMX) MaTepialliB Ha
Moro mnoBepxHi. Tomy kartamizaTop mnoTpedye meploAuYHOi pereHepamii. Jlis
3a0e3nedeHHss Oe3nepepBHOiI POOOTH BUPOOHUIITBA 3aCTOCOBYIOTH JBI MapayielbHI
PEaKTOpPHI YCTAaHOBKU: Y TOW Yac SIK OJAWH PEaKTOp MpaIoe, APYTHM TPOXOJIUTH
CTaJI110 pereHepaiiii.

[Ipouiec Mobil-Badger 3aGe3neuye BHCOKHI BUXiJ €TUIOEH30]y — OJIU3BKO
98%, mo € OmHMM 13 HaMKpalMX IOKA3HUKIB Cepell MPOMHUCIOBUX TEXHOJOTIN
ANK1TyBaHHS.

MonudikoBanuii karamizatop ZSM-5 Mae TakoX yHIKalbHI CEJICKTHBHI
BJIACTHBOCTI 1100 YTBOPEHHS [-€THUITONYOJy MPH ajKiTyBaHHI TOIYOIy €THUJICHOM.
[le#i mpPOAYKT € BAXKIUBUM MPOMIKHUM KOMIIOHEHTOM Y BHPOOHMIITBI MOJTi(TI-
Metunctupory) (PPMS), sxuii  xapakTepu3yeTbcsl MOJIMIUEHUMU  (PI3UYHUMU
BJIACTHBOCTSAIMHU TOPIBHSHO 3 TMOJICTUPOJIOM: BHUIIOI0 TEMIEpPaTypor0 CKIyBaHHS Ta
criajiaxy, a TaKoX HHXKYOI0 TyCTHHOO [2].

VY CcTpyKTypi MOJEPHI30BaHOI TEXHOJIOTIYHOI CXEMHU CYTTEBY pOJb BIJIITpae
nigirpiBad-aedaermMaTop, MNPU3HAYEHUW JJI1  KOHTPOJHOBAHOTO IMIAITPIBAHHS 1
4aCTKOBO1 KOHJIEHCAIli MapOPIIMHHOT CyMIIIll 3 METOIO BIJJOKPEMJICHHS KOMITOHEHTIB

Ta PETyJIIOBaHHS TEIJIOBOTO PEKUMY MPOLIECY.
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JlednermaTtop, 3acTOCOBYBaHMH y MOJEPHI30BaHIN yCTAaHOBIII BHUPOOHMIITBA
eTHJIOCH30/Ty,  BHUKOHAaHWH y  BUIVISIAI  BEPTHKAIBHOTO  KOXKYXOTPYOHOTO

TETJIO00OMIHHHKA, PUCYHOK 2.

I
-
CELLLLEL o
o

1 — xpuiiika; 2 — Ieperopojxa.
| - Ternonociit; 11 - TTapa; 1l - Konnencar
Pucynox 2 — Cxema K0XKyXOTpyOHOTO TEIJIO0OOMIHHHUKA

Kopnyc amapaTta yTBOpro€ MiKTPYOHUI TIPOCTIP, Y KWW MOJAETHCS HACHYCHA
napa, 10 BHUCTYIA€ TEIUIOHOCIEM. YcepeauHl TPyOHOro My4yka pyXaeTbcs poOounid
MOTIK — piaKa abo ra3opiuHHA CYMIIII, 1110 MICTUTh €THJIOEH30J Ta 1HIII JIETKOJIETKI
KOMITOHEHTHU. TpyOHUI My4OK 3aKpIIJICHUH Y BEPXHIA Ta HUXKHIA TPYyOHUX pEelIiTKax,
110 3a0€3MeUy0Th MOT0 )KOPCTKY (DiKcalliio Ta pIBHOMIPHUN PO3IMOALT MOTOKY IO BCIX
TpyOax. Kpuiku amaparta o6nagHani narpyOkamu Juist ojjadi Ta BiJIBEICHHS pOOOUYNX
CEPEIOBHIIIL, @ TAKOX JIJIs BIABEJACHHS KOHACH ATy napu. [3].

[TpuHiun  aii  amapata TPYHTYEThCS Ha €(EKTHUBHIN Teruionepenadl Mix
HAaCMYEHOIO MAapol0 Ta PiAKUM MNOTOKOM y TpyOax. Ilomaya mapu y MDKTpYOHUI
npoctip 3abe3nedyye ii KOHAEHCAIII0 Ha 30BHINIHIA MOBEpXHI TpyO, Mpu sKid
BUJIJISIETHCS TETUIOTa (ha30BOTO MEPEXOoy, 10 HarpiBae podouunii moTik. BepTukansHa
OpI€HTAllld amapara Clpuse NPUPOJHOMY BIJIBEICHHIO KOHJEHCATy Ta PIBHOMIPHOMY
PO3MOJTy TEIUIOBOIO HABAaHTaXEHHSA MO BCbOMY TpyOHOMY myuky. OgHOYacHO 3
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MiTITpIBaHHSAM BIJOYBAa€ThCSI YaCTKOBAa KOHJACHCAIlIS JIETKOJIETKUX KOMITOHEHTIB
CyMilIIIi, 10 JTO3BOJIsI€ CTBOPIOBATH (hjIerMy 1 MATPUMYBATH CTAOIILHUN CKJIaa P1IKOi
Ta mapoBoi ¢a3. Taka opranizaiis mpoiecy MHiABUINYE €PEKTUBHICTh pPEeKTHdIKaLii,
3abe3reuye CTaOUIbHICTh CKJIQJy IOTOKY, OINTHMI3Y€ TEIUIOBI BHUTPATH 1 CIpUSIE
HaTIMHOCTI pOOOTH BCi€i yCTaHOBKH. PerymioBaHHs TemmepaTypu Tapu, THUCKY Ta
MIBUAKOCTI PyXy poOOYOTrO TOTOKY JI03BOJISIE KOHTPOJIOBATH 1HTEHCUBHICTH
TeIuIonepenadyi Ta mporec aedIerMOyTBOPEHHS, 3a0e3Meuyloun craixy poOoTy

TEXHOJIOTIYHOT JIiHiT Ta BUCOKY SIKiCTh KIHIIEBOT'O IPOAYKTY — eTHiaOeH30uy [4].
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