L Oy BdzOdr dzd?2 sjodz yded?2 Edz o j tefd Lk
csd’ of €d2 fod Isjodg yded?2 * dzils

‘R dz2 wettew o' (el (e
AOSEd sjls OolstsdkOlsdL Oy ', §sddhdsst

1B teded$¢ IsjL WH{ldp" IZFQJtG?O Wﬁm@ﬁ&@ﬂ%as
CtsdgW j 1] deglszH j dzls 9, OMYf "' tcOdals’ & *

of [ dr1ro11c Mmuwflwvifrm RAU
w Jwrltitr| Juaulf 2qurrmulfrduor towd [ wl

0405 yJ tco dgw
sqd’ o620 2



1B tedzd € Isj L Wl g 2 20 Mz § 806 thG nCass 56 sdz j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

ufs 66

l11s 35w 43

] 16

1B tedzd € IsjL M g9 26 gD denifScOC IsiE@Qldiists o t€ 5 d;
MiskHJ dzls’ o, OmYf " tOdzls® o ‘ s dztsH d = o Yd dzd
f " Hftcd" d3fr]lsa BEzH' ' oQ4rb dzdH4 2085388 j I8 Odg: 9 8 d o
c.J]. swotgs ! Bl w " B westgwsde (st Ccatse

18 tedzdS sjL Wi 5o b fignk € msh X GOC ts of t5 dzts °
CtsdgW jtojdgy' ~ Mskzujdas' o, OMYf' ©Odzs' o

oJJ1Jdr1o11¢c mwfwyrrRm IR JITRAUL w 1 w
lorwlgpf?21TRrRm [ oot wodf] wlo

| Sdzso O BB Isjlskz: H.I. dz., ftesW j Mstc, &
Yydzj dzgd BtecC B IsjIskz:
slw "dg&. wewswdsY 4 Ctstem! ¢

1 0. COWJjHtd [ ¢my | C. Is. dz. , HBEBY. dlilsiff O
C. Is. dz. , HEYy. COWJjH©d [odémy )l o¢dzHtc] " © WG Bt
C. . dz., HtsYy. COWjHted [dm1 ) ZzeojH [ d&¢tdko
¢. Is. dz Hisy. JISJO0dQ s tsa [ fd® dBp di'iy }

Ws oA 1 ¢1 VSO’ dzd
OCOH] BB flotsw j stz gz G  dz St 2 AjHBSa dy

Udzf€dete j MY tsclgh j dzgls, H. Is. dz. , (sl st 1 jkes
H.Is.d , M. d M., ftt. d M. stdds ¢d& O I Of
C. . dz , M. dz. ., wzsBBHWdzs ¢ sOIsjted dzO u jt

wdzmilsePls zls 1 ¢1 v St O’ dzd

10Mlszf dzgd ¢ Hdtej SO €. OB, sostcMesetdL s (&

1 Offszf dzedS¢ Htej Clstste® L dzOkzCtseats’™ tetsBtslsd, ¢

VLyj ded?2 fj Stoj 6Oitclz wdzfis d s “ds®B taf dzS tslsl dL Istste | C
it JHOCItste IsO SR O Isjtedz® o J temisC O:

MisOteh d2 PHRIEOHPEQ Mz | tedcste’ 2

t 4 $5d3j dzH 59 Odzts tdSd3j dzH 59 t 4 $5d3j dzH 59 Odzts
Il yJ des8  tcOH 58 l yJ des8  tcOH sOW j Hictss B3Oh d dz
kjnde ydes® Isjfdz wdemsdizls ¢ otk ydzd A

1 01 vCteO’ dad 161 vEttO  d " OV Istsf jtoj tosB
lteslstsCsdz ~ l eslssCsdz ~ ] etslstsC tsdz ~ 24
' H 2.06.2026 9 '1lH6. 04. 20 9" H 28.05.2026

sjLd Sfked SsoOdzs L O Osals
2



1B tedzd € Isj L Wl g 2 jt20 Mg § £ 06 thGCass s S sdW j o dzy '
OMmf ' cOdzas' & ' BsdsHds oujdedr 0JBdOH&OddzY 7' & ydzd |
GOl j 6' Odz' o 0

g sAwc 1
clit JAregr v ¢} O dUR mMmwf Wyl RM W
1oAY rtrt 11 rRMm JRTJITRAUI €



1B tedzd € Isj L Wl g 2 jt20 Mg § £ 06 thGCass s S sdW j o dzy '
OMmf ' cOdzas' & ' BsdsHds oujdedr 0JBdOH&OddzY 7' & ydzd |
GOl j 6' Odz' o 0

MODERNIZATION OF COKE PRODUCTION PLANT WITH
DEVELOPMENT OF DRUM DRYER
studentTsyupaN.V., Ph.D.,Assoc.Prof. StepaniukA.R.
National Technical University of Ukraine

"lgor Sikorsky Kyiv Polytechniclnstitute”

Annotation: The purpose and scope of petroleum coke are given. The
technological scheme of the delayed coking unit is described. The need for
modernizatiorby developinga drumdryerto reducethe residualmoistureof thefinal
productandimproveits marketablequality is substantiated.

Keywords: COKE, OIL, MODERNIZATION, DRUM DRYER
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Thefinal productof the technologicaprocesss petroleumcoke- a solid, high-

ash, carbonaceousesidue formed during the thermal decompositionof heavy
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petroleumresiduessuchastar, crackingresidueor asphalt.Dependingon the quality
of the feedstockand processconditions,petroleumcokeis divided into severaltypes:
needle(high crystal orientation),granular,spongyand dust. The main propertiesof
coke that determine its consumervalue include: sulfur content, metal content
(vanadium, nickel), volatile matter content and, especially important for this
modernizationresidualmoisture[1].

High quality coke,achievedn particularby controlling the moisturecontent is
necessaryor its further use.For example,anodecoke shouldhavean extremelylow
sulfur and metal content,as well aslow moisture(up to 0.5-1.5%), sinceit is a raw
material for the production of pre-burnt anodesusedin electrolyzersfor primary
aluminumproduction.Fuel coke,which hasa highersulfur and metalcontent,is used
as a high-calorie fuel (the heatof combustioncan reach30-35 MJ/kg), where low
moisture ensuresmaximum combustionefficiency and reducedtransportationcosts.
Thus,reducingthe moisturecontentof coke after hydrocuttingis the main goal of the
proposednodernizatior?2].

Thetechnologicaschemeof cokeproductionis shownin Figurel [3].

The raw material is fed in two parallel streamsby pumps 33 into the
recuperatre heatexchangerd, whereit is heatedo atemperaturef 425C, entersthe
right pair of furnaces31, whereit is heatedto atemperaturef 515520 C. After that,
the raw materialentersthe rectificationcolumn 6. Fromthe lower part of the column
6, the bottomresiduesarefed by pumps30 into the furnace32, wherethey are heated
againto a temperatureof 520 C andthroughthe distributionvalves2 arefed in pairs
into the column 1 (coke column). While one pair of columns1 is being filled, the
seond pair is undergoingthe processof coke formation, cooling with water, cutting
the cokewith a watercutter,andunloadingthe cokethroughthe lower hatchesWater
vaporis takenfrom the upperpart of the cokechambersandfed into the scrubber37,
whereit is separatednto waterandoil products Antifoam additivesarealsosupplied

to the coke chamber.From the middle part of the distillation column 6, petroleum
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productsare suppliedtorectification column 10. From the lower part of column 10,

raw materialis alsofed by pump16 throughfurnaces31into cokechamberd.
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1- cokecolumn,2-distributionvalve; 3, 7, 23, 26, 28, 35-condenser4, 17,29
heatexchanger6, 10-rectificationcolumn;19, 18, 22-refrigerator;8-watercooler;9,
20-separatorl2, 34-collector;24,25-boiler; 5, 11,1316, 21, 30, 33-pump; 36-filter;

31, 32-furnace;37-scrubber;
381 centrifuge;39 drumdryer

Figureli Technologicaschemeof cokeproduction

From the upper part of column 6, gasolinevapors and gas are fed into air
condensef7, water cooler 8 and separato9 at a temperatureof 40 C. Gasis taken
from the upperpart of the separatorgasolineandwaterfrom the lower part. Gasoline
is fed to the rectification column 18 throughthe heatexchangerl7. Water from the
separato® throughthe collector12, pump 14 is fed to the heatexchangerR9, to the
furnace31 andto the columnl. Heavygasoil from the third plate of the column®6 is
fed to the bottomof the column10. Light gasoil from thefourteenthplateis fed to the

top of the column 10. From the lower part of the column 10, pump 15 throughheat
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exchangerd7, 24, 25, heavygasoil is fed to the warehouseFrom the upperpart of
the column10, partof thevaporsis fed to the column6, andpartof thelight gasoll is
fed to the warehousehroughthe heatexchangerR9, refrigerators28, 27. Excessheat
from the column6 is takenby pump5 toheatexchange#, refrigerator3, andbackto
column6. Fromthetop of the eighteenticolumn,gasis takenthroughthe refrigerator
19, separatoR0 andpump21. The partthathasnot condensedjoesbackto irrigation.
Fromthe bottomof the column18, throughthe boiler 24, partof the vaporsis fed into
the column 18, and part through the refrigerator 23, 22 is fed to the gasoline
warehouseBoiler 25 is usedasa steamgeneratoffor the needsof the plant. The coke
chamberhasthe shapeof a cylinder with a diameterof up to 5 m. anda heightof 30-
35m[4].

Thepurposeof thework is to modernizeghedrumdryer.

A drumdryeris a devicedesignedfor thermaldrying of wet petroleumcoke,

which is formedafterhydrocuttingandcontainsa significantamountof water[5].
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Puc. — Cxema Oapabannoi cymapku:
1- Tomka; 2 — 3aBaHTaXVBaJILHUI T0TOK: 3 — OapabaH; 4 — KOTKH,
5 — po3BaHTa)kyBaJIbHa KaMepa.

Figure2- Diagramof adrumdryer[6]

Principle of operation:Wet cokeis loadedinto oneendof a horizontal,slightly

inclined, slowly rotatingcylindrical drum. Blades(tipping devices)areattachednside
7
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the drum. The rotation and bladesensureintensive mixing of the material and its

advancemenb the dischargeend,simultaneoushscatteringhe cokein acurtain. A

hot coolant (for example,flue gasesfrom the furnaceor hot inert gas)is supplied
towardsthe coke (countercurrentscheme)or in onedirection(directcurrentscheme)
[7]. Dueto convectiveheatexchangeetweerthe hot gasandthe large surfaceof the
coke particles, moisture evaporatesapidly. Dry coke is unloaded,and the spent,
moisturesaturatedcoolant, before being releasednto the atmosphereis cleanedin

cyclonesor filters (18) to trap cokedust[8].

The advantagesare continuousoperationand high productivity. Efficiency,
which is well suited for granular, nonsticky materials(coke). The designitself is
relatively simpleandreliable,alsodurable.Easeof operation the possibility of using
variouscoolantq9].

Disadvantages high dustgeneration|ow efficiencywith largeheatlosseswith
exhaustgasesThe designhaslarge dimensionsandhigh metal contentof the device.

Operationhassignificantenergyconsumptiorfor rotation[10].

List of links

1. https://en.wikipedia.org/wiki/Petroleum_coke

2. https://esu.com.ua/articl&077

3. https://ela.kpua/handle/123456789/42074

4. https://ela.kpi.ua/items/d6c8b22tef3-4030-9581-adba5e0884fe

5. https://uk.wikipedia.org/wiki/Drum_dryers

6. -
https://upload. wi ki media.org/ wikipedial

7. http://www.tsatu.edu.ua/ophv/wgontent/uploads/sites/13/vyvchennja

klasyfikaciyi-konstrukciyita-pryncypudiyi-susharok.pdf
8. https://www.sciencedirect.com/science/article/pii/S2352484722005893



https://en.wikipedia.org/wiki/Petroleum_coke
https://esu.com.ua/article-8077
https://ela.kpi.ua/handle/123456789/42074
https://ela.kpi.ua/items/d6c8b225-def3-4030-9581-adba5e0884fe
https://uk.wikipedia.org/wiki/%25D0%2591%25D0%25B0%25D1%2580%25D0%25B0%25D0%25B1%25D0%25B0%25D0%25BD%25D0%25BD%25D1%2596_%25D1%2581%25D1%2583%25D1%2588%25D0%25B0%25D1%2580%25D0%25BA%25D0%25B8
https://upload.wikimedia.org/wikipedia/uk/a/a2/%D0%A1%D1%85%D0%B5%D0%BC%D0%B0_%D0%B1%D0%B0%D1%80%D0%B0%D0%B1%D0%B0%D0%BD%D0%BD%D0%BE%D1%97_%D1%81%D1%83%D1%88%D0%B0%D1%80%D0%BA%D0%B8.JPG
http://www.tsatu.edu.ua/ophv/wp-content/uploads/sites/13/vyvchennja-klasyfikaciyi-konstrukciyi-ta-pryncypu-diyi-susharok.pdf
http://www.tsatu.edu.ua/ophv/wp-content/uploads/sites/13/vyvchennja-klasyfikaciyi-konstrukciyi-ta-pryncypu-diyi-susharok.pdf
https://www.sciencedirect.com/science/article/pii/S2352484722005893

1B tedzd € Isj L Wl g 2 jt20 Mg § £ 06 thGCass s S sdW j o dzy '
OMmf ' cOdzas' & ' BsdsHds oujdedr 0JBdOH&OddzY 7' & ydzd |
GOl j 6' Odz' o 0

0. https://ua.stadrying.com/info/whatarethe-advantagesf-drum-dryer-
97436629.html
10. https://feeco.com/advantagdsadvantage-fluid-beddryers/



https://ua.star-drying.com/info/what-are-the-advantages-of-drum-dryer-97436629.html
https://ua.star-drying.com/info/what-are-the-advantages-of-drum-dryer-97436629.html
https://feeco.com/advantages-disadvantages-to-fluid-bed-dryers/

1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

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
"lgor Sikorsky Kyiv Polytechnic Institute”
Annotation: The technological scheme and principles of apen of the
devices are described.
Keywords: RECTIFICATION, OIL, EVAPORATOR, STEAM GENERATOR,
MASS EXCHANGE, HEAT EXCHANGE.

fLdrotrwy ¢oAwe vevdr fIsrR TR JILTRAVI O
tdrytdasdo Jwriotrdw sdJL1rrR vod 1ot L1

dlskH jdzls 1 szt B3Otc! s9j ffOdEs. & MH.Hy. , €.

1 0y’ s5dz0dz! dzgd?2 Isjrdz yded?2 bkdz' o tefpd Lk
¢csd oefm! €d2 ftsdz Isjmdz ydzed?2 ' dzmlsdilskzls
O dzslsOfyf fMOdets Isj mdzsdztse ' ydzze e j 32 °  f to
s dzt ytso ' : tidaswrROA ws ¢ A wC , [ovuURrR[ [, I wr 1

lotd1rrrtondt, wioablfdf L] wy.

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 diviog
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 highglmolint
(350:575°C). [1]
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Plastic lubricants are a dispersed system consisting of a base oil and a thickene
(soap or norsoap type), and technologically their production comes down to
dispersing the thickener in oil and subsequent homogenization to achigen
consistency.

For soap oils, the production cycle usually includes the following stages: raw
material | oading Y saponification Y de
oi |l and addi tives) Y deaeration/ degas
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 rawmaterial 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 pheno
cresol mixture enterthe upper part of the column apparatus, and phemrsiol 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 ploeesbl mixture and the
primary raw materialThe 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 aimedincreasing energy efficiency
and stability of lubrication performance by:

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

1 Ensuing stable and controlled heat supply to the process through a steam

generator (steam for apparatus jackets, heaters, bubbling/evaporation, auxiliary needs)

11
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1, 2,5,8,9, 13, 15, 17, 19, 22, 26, 2%eat exchangers in the diagrami 3
tanks for cresl and phenol; 4 absorption column type apparatusj Gxtraction
device; 71 extraction pump; 10 raffinate tank; 11, 12, 16, 21, 24phenol and cresol
regenerators, respectively from mixtures of raffinate and extract; 14, tb®ular
furnaces; 20, 21 phenolcresol and water tanks; 25, P&olumns for evaporation of
phenol and cresol from the mixture; 27, BOreflux condensers; T initial raw
material; 117 phenotcresol mixture; Ili raffinate; IV i extraction mixture; Vi
mixture of water withphenol and cresol; Ml vaporliquid mixture.

Figure 11 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 (phenglcresol 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 thghu 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.
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azeotropic mixture.

Figure 2.1i Stripping colummdiagram
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The steam generator is a singleell 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 Heaigexc

surface in the form of a bundle of heat exchange tubes.
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1-housing; 2cover; 3moving tube; 4pipes; 5fixed tube grid; édistribution

chamber; #istribution chamber cover:&upports.

Figure 2.2] Steam generator design diagram

The casing hathe form of a welded cylindrical vessel of elongated shape, at the
ends of which on one side there is a hatahmanhole for access to the volume of the
secondary circuit. The casing also has nozzles for the supply and discharge of the
coolant of the prirary 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.Bssoc. Stepaniuk A.R.
National Technical University of Ukraine
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ABSTRACT: The influence of porous mesh inserts installed in the conical
part of a cyclone on the structure of a swirling gas flow is investigdtkd. 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
Darcyi Forchheimer model. The influence of insert permeability on the tamafenti
velocity distribution and the hydraulic resistance of the apparatus is analyzed.

KEY WORDS: CYCLONE, SWIRLING FLOW, RANKINE MODEL,
HYDRAULIC RESISTANCE
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The effiagency of gassolid separation in cyclones is determined by the structure
of the swirling flow and the parameters of vortex motion4]l In a reversdiow
cyclone, a doubleortex 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 fentrainment and reduced separation efficiency [3].

To describe the tangential velocity distribution, the combined Rankine vortex
model is used [4]

wr, r =Ty

C

" r = Tg
r

Vg =

H J¥ is the angular velocity in the core region,

r is the vortex core radius,

C is the circulation constant,

nis the vortex exponent.

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

Darcyi 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 iitth velocity component
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¢ is the dynamic viscosity of the gas
} is the gas density
Uis the permeability of the porous medium
C is the inertial resistance coefficient
The permeability of the mesh structure can be estimated using a Kozeny
Carmantype rehtion for packed beds [5]
g3 d?

T 150(1 — £)2

a

whereUis the porosity of the structure
d,, iIs the characteristic structural element size

The introduction of porous inserts leads to a redistribution of tangential velocity,
a reduction in its peak values nelae 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 insertanc 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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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
Al gor Sikorsky Kyiv Polytechni
Abstract: Generalized results of an experimental study on the dehydration of
naturd 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 hydrde forms accelerates. Based on the linearization of experimental data by
the AvramiErofeev equation, a twstage character of the process was established.
The first stage is characterized by a higher rate and is governed mainly by thermal
action, whereasat the second stage the internal diffusion resistance becomes
significant. The obtained results can be used to select tempetatgenodes for
partial dehydration of bischofite.
KEYWORDS: BISCHOFITE, MAGNESIUM CHLORIDE, DEHYDRATION,
KINETICS, INFRARED HEATING.

SWl  VRY LW JeJs1[RrRIJuevovw rrlwrtovodlAwy 1
srtfdtorwoAweyr {44 104t wlodrc
dfMmYf " cOdzls A" & s 1 .1., €. 1Is. dz. , H
1 0y sdzOdz! dzd?2 Isjrdz ydzd?2 bkdz' o tefpd L
¢csd oafm! €d2 food sjnrnds ydzd?2 ' dzmisdlskzls
O detslsOY ®a j H zdzt® G Odz! dzj dz toj L zdz sOIsd
Hismdz' HY J dzdzV HjG'  HtcOIlOY"' °’ ftcdtcscH dzse 5 1 |
GJSMOG' HIBOIdZ 2 W iBsted3 LO Isjtdii3stcOH' Oy' 2 dz
L LicsMisOdzdzy &3 IsJ 3 J tcOlskztcd f so LCtaredsmis@GO

35



1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

Mlskzf ' d&@ HIjG HEBOOY' ' 1O ftedheodHuhk' Is: mw
10 " HfMls®oe ' dz' dzj OtedL Oy' ° j S M j & dodsiydzls @ R
ofMsOdzso dzj dzs HoMISOH' 2 dzd2 ROLOSCIjte Y
odhtse hodHC' Miss IsiGc joodoydidsy As jlsf' difsve dtfds o f dz
Hiezg' 2 fMlsOH" 'Mistslsdzse s L dzOyJ dedzy  dzOB
[lsted BOdz tjLEd sOId dBsyklk! BElsd od$ttd
yomssednas tjydd3' o yomksStseots HJjG HiOISOY'
sfovlJlw wffwhpfArws, mfoAnrRyd, f rriuwrtouv
swirvrRsd, watodyrtlilrre 194t wlodrc-

Bischofite dehydration is an important technological operation in the preparation
of magnesiurrcontaining raw material for storage, transportation, and further use.
Partial removal of crystallizatiomvater 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 rateafunction 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 tatupes of 70, 90, 100,
and 110 AC. From the change in sampl e |
determined, which characterizes the fraction of removed crystallization water relative
to its total content in MgClI L6H O.

Analysis of the experimentaurves showed that dehydration proceeds most
intensively at the beginning of the process, whereas later the rate gradually decrease:
This behavior is associated with heating of the material, removal of residual adsorbed
moisture, and subsequent formatiof 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%
70 °C to 39% at 110 °C.

For quantiative description of the process, the Avrdfnofeev 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 highe
rate constants tma t he second one. | t was establ
from 2.5 to 1.9 with increasing temperature, which indicates weakening of diffusion

limitations under more intensive heat supply.

401 e 70°c  —a- 100°C 4
-=- 90°C - 110°C PRI

Dehydration degree, a, %

T T T T T
0 10 20 30 40 50 60
Time, min

Figure 1. Generalized curves of changes in the degigisahofite 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 dedffee 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 dmss for calculating rational modes of

bischofite thermal treatment.
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Abstract: This work examines the main industrial technologies for the synthesis

of acetic acid, including liquighhase oxidation, direct oxidation of lower organic
compounds, and carbonylatioThe technological scheme of acetic acid synthesis by
the liquidphase oxidation method is analyzed. Special attention is given to the
feasibility of improving the mixing reactor to enhance process efficiency and
operational reliability.
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SYNTHESIS, TECHNOLOGY.
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UDC 66.02:532.5
HYDRODYNAMICS AND MASS TRANSFER INTENSIFICATION IN GAS 1
LIQUID CONTACT DEVICES FOR CHEMICAL ENGINEERING
APPLICATIONS
assistanByshko[ ykyta.
National Technical University of Ukraine

"lgor Sikorsky Kyiv Polytechit Institute™

ABSTRACT: The paper addresses hydrodynamic behavior and mass transfer
phenomena in gafquid contact devices widely used in chemical and petroleum
industries. Key limitations of conventional equipment, including phase maldistribution,
hydrod/namic 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: GASILIQUID SYSTEMS; MASS TRANSFER;
HYDRODYNAMICS; PROCESS INTENSIFICATION; STRUCTURED PACKING;
CFD MODELING; SHERWOOD NUMBER; GAS ABSORPTION; MULTIPHASE
FLOW
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Gasg liquid contact processes are fundamental to a wide range of chemical and
petrochemical technologies, including absorption, stripping, gas purification, catalytic
oxidation, and reactive mass tsf@r 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, increasin
attention is given to process intensificatistrategies aimed at reducing equipment size
while simultaneously improving mass transfer efficiency and lowering energy
consumption.

Despite the maturity of classical equipment design, conventionaliqad
contactors such as packed columns, trayraok) and bubble columns still suffer from
inherent inefficiencies. These include maldistribution of phases, incomplete wetting of
structured or random packings, channeling, backmixing, aneuniborm residence
time distributions. Such neidealities resulin 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 gasiquid systems ischaracterized by strongly coupled
multiphase flow phenomena. The system behavior depends on the interaction betwee
inertial, viscous, and gravitational forces, which can be described using dimensionles

numbers such as Reynolds, Weber, Froude, and Edtwiders. These parameters
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determine flow regime transitions, bubble stability, and dispersion quality. In particular,
the Weber number governs bubble breakup, while the E6tvés number reflects th
balance between buoyancy and surface tension forces, yirgttiencing bubble shape

and rise velocity.

The interfacial area between phases is a key parameter controlling mass transfe
rates. It is strongly influenced by bubble size distribution, liquid turbulence intensity,
and coalescencbreakup dynamics. Ireal 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 des&ibbubble size distribution and
interfacial area evolution more accurately.

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

In packed columns, hydrodynamic performancesisongly 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, maldistributibenpmena may
occur at large scales due to improper liquid redistribution, which leads to local dry
zones and reduced mass transfer efficiency. Therefore iggalemains one of the
most challenging aspects of packed column design.

Tray columns, on the o#ih 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 vajtiquid contact time, froth height, and turbulence
intensity on the tray surface. While yrasystems are mechanically robust, they
typically exhibit higher pressure drops compared to packed systems, making them less
suitable for vacuum or energpensitive applications.

Bubble column reactors represent another important class ofliqyad
contadors, 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
heterogeneus churrAurbulent 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 combingdtuibulence models
(e.g., KU 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 nowmniformities that cannot be captured by empirical
correlationsalone. 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 gadiquid mass transfer. These include reduction of chanattediffusion
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. Rotatkegl reed
systems generate high centrifugal forces that significantly intensify mass transfer by
increasing effective gravitational acceleration and reducing boundary layer thickness.

Environmental applications of gdmjuid systems are becoming increasingl
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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smal 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
gag liquid contact systems. lIrreversibilitiesisang from finiterate 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, gddiquid 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 robusimework for understanding and
optimizing these systems. Continued development of intensification techniques and
predictive models is essential for achieving ngameration higtefficiency chemical

and petrochemical processes.
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TYPES AND STRUCTURE OF FURNACE GRATES
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Abstract: The design, types, and operating principles of furnace grates are
presented. Thdunctions 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
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The grate bar grate is a spcseparating 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 th
grate bars, which thereloes not block the free passage of air masses. The grate is
located between the fuel combustion chamber and the ash compartment. Grate bars al
a separate casbon or steel element of grate bars, intended mainly for installation in
large furnacegl]
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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, whiinterferes 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 bettuth 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 cfit.

Advantages of the movable grate bar:

- Combustion efficiency: Allows maintaining optimal conditions for
combustion, ensuring complete fuel cammbon 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.

Disadvantges:

- 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 [&]iler.

Fig.17 Movable grate bar grate

17 rod; 21 axis; 3i grate

Fixed grate bars for furnaces mainly have the shape of a rectangle with closely
spaced ribs and are producedsarious sizes and thicknesses. There are basket grates
used in opettype 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 relativio waterfilled ones (shaftype boilers with casiton
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 asel, it may coke, forming lumps. Air will not pass in

sufficient quantity and the combustion process will $t4p.
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Fig.21 Fixed grate bar grate
ai flat tile; b1 box tile; ci beam grate bar
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Annotation. The importance foobtaining 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 theietion.
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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 daposing fluorite with sulfuric acid

66



1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

(H SO ), w feffective but srequices high temperatures. For efficient
decomposition of fluorite, it is necessary to maintain a high temperature of the sulfuric
acid, which is usually heated to 2BD0°C.

To heatsulfuric 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 particidren 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, alternatesingas a wavdike 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 decreas

and heat exchange can deteriorate.

OOOOOOO
O O
o O

Fig. 17 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 -sexd®on of the
shell. This will ensure more uniform heating of fhipes 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 -nondensable inert gases released during the
condensation of water vapor. These gasegeaan through the top of the intertube in a

straight line to the neoondensable 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.

ORGSR

Fig. 21 Groove for condensate flow in the lower pipe partitions
Thus, adding appropriataapves to the intertube partitions will improve heat

transfer between the two media when using water vapor as the heat carrier.
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MUTUAL DEVELOPMENT O F FORESTRY ENTERPRISES AND
HEAT GENERATING FACI LITIES WITH CONSTANT
INTERACTION
s r e mN.[Belyaev G, Belyaeva I.Zhukovs . ,
s tut N,, Stetsuk V, Timoshchenko A
Institute of Engineering Thermophysics of the NAS of Ukraine

ABSTRACT.The paper is devoted to the organization of lbegn sustainable
interaction of forest farms and enterprises close to them with nbaryd@chnical and
organizational reequipment of their fixed assets.

KEYWORDS: FORESTRY ENTERPRISE, WOOQOD FUEL COD,
ILLIQUID WOOD WASTE.
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The purpose of the work Development of technical requirements and design
solutions for the organizatioaf the system of sustainable energy use of renewable

wood resources.
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ResultsThe report belongs to one of the traditional activities of the laboratory of
heat and mass transfer processes and equipn@edtastic reduction in unit costs for
fuel and energycomponent in heating and production processes through systematic
intensification of thermal technologies and extensive involvement of secondary energy
and material resourcés].

The work is based on the following conceptual provisions.

1. Transfer of hdegenerating objects territorially close to the forestry enterprise
into fuel in the fomof pralr i ed t o moi sture W O 20%
necessarily requires a number of organizational and technical measures, both at heat
generating objects anth 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 ad longterm.

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 o
the other- the regional forestry department, which is subordinated @ofdhestry
enterprisesupplier of wood fuel.

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

6. Ensuring the measures provided for in paapbs 15 necessarily requires the
development and approval of a targeted scientific and technical program aimed at
integrating local forestry enterprises into the energy use girbgucts of forestry
activities.

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

References

73



1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

1. [ sfydz' HY j dadgw 5jf d&zs BOMtstsB d5' dzdzd 7 f tot
JdzijtecesiWjClsdoldzfmdelzztsds'H U dets d5® B dZOH dz0 dzdz
L dz mMstetsmdzd dedzed Yy &€ ‘i thtetwm ~sH o( L O dzs ydad 2 )
[ 101150002667 S jt. 1. [ . stej d3dzstfo ,9 ,¢ .210.1u9d, d3t8h9jOc

2 . 1 dzv o9 1. 1., I dzv 9 0 w. )., 2Bt
sjrdz ydz' LORtHd dzO f° HY tod ‘i dfftpldnels@iy O dz! filpts ¢
sjfdztscjdzj ozt Gapled fipleds QUe@T Hjtcjodsets 1§ Oc

[ ') &zOte s H dats sdzdzO2 dz  Stsdgl jtej dzy" clitJ.
Y Jrlrtl1ruorRd3Retsl6dzy 2028, teds.C 248 .d3. s d

3. stwjdde s 1. [., uvdish jdts ¢. 1., 1°
ststeBlzls 1. &. , glsjye ¢ 1. . tdMmB ] tBgz) n dzidziiz{
ftesyjm o Htod kEbdd LOy" "’ toj Mztemtsy"' dzdzd -
sjtedlstste’ ' R BSHdzOd MzdEj S BOH/ 1 SH SO
L OctetsL H dzw Hise ¢ ' dzdzw ) L dit?d ®Z 2 : dz0% 5 de f Y
BsdesctcOW " W [ ¥ BdzZEOO @ v 1 ) td3d dz’ Ste' W s tsdzH
fesdz Isj~nde CP& ( toets: 4 j o] HdaV G U . s .,

339https//nuppeduuapagdopis-kolektivnormonografiihtml

74


https://nupp.edu.ua/page/opis-kolektivnoi-monografii.html

1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

fdreotrwy oAwe reafr4fovfted vevor 1SR
Y O I I A BV

Miskzh j dzls ¢ dzlsfiplsute"cd 2 .9 d & dzO HsAsulzd SH . ¢ls . I1dz.

1 Oy‘oEdzdzd 2 Isjrnde yded?2 bkdz' 9 jtefdisjls

A sd oM ¢d2 fsd Isjnrnds yded?2 ' delsdlsizls

b1 JudbAwr: esB SIS LOf toslf sdztso Odzts BSH J
EmisOdztse € d OdzC ' dzlz 9 O dzdz™ BJ dzL 5 dzlz h dzw ¢ 53
Isj f dzstsB 3" dzdzd ~ stz h tg' QWidstictelgzetds@ d3 sz to B Iz dzj
SertsdztHy 28 ysesu @y dgs'og® Q. v LOBj LY jyk® |
Of OOIsO fted LBJ ]y Y dadz 2@ stc Ol ts@ ds ' L O
Isj i3 J tOIskztcdzsG 5 te jloAd dgiz dz'C js dizeizy dziz® YO dz' dzd =~

siolw wffdgpaflrdfovfswfvdforrc 1011
sriffdrfuwrggromfostoay @8 ot ¢uv Jwstfir4t
wl sl d4RAWSOAwWe vl [ LL1f w v

ltetsyy m O dzG ' dzlz 9 O dzdzW B J dzL 5zkz 9 dd3Oc O
Isj B J cOEcdztse s )y dhiz o HJWdzj e ZOIsste’
O dzB jdzL sdz' &9 BjLitSMjtjHdy 5 L Odzg ydls! 9" H
WicOC Yy 2 dese s ME dzOH . ustg @ Hdzfsys' B2d§lz jdAdES € g0 Is ts
h s odCtstedmilstsolz¥ Is+ Mw dzO ftesddd mMdztse d n
dWd Sldods Mis! Isjtf dzsq 6 tiz] i O tcdyly 14 O Hfif] dos dax
ZsC Odz' &z L OMlss’™ SO dzgj HisMIsOIsdzr f dzsh 2 € tscC

{ Hdzd O3 L fJtmtf J CIsdo dzd ZzOff oW A3 * o d
o d¢ tsted fislcQ dededz@zdzy dzz Istc® h dz' 2  ts9 j ton(dis d fridzj dftit
1)) v OO CodzhMOcEISE pasd® ‘' L dqg'lzdzls ots § " Headh d
Isjf dzstsB 3" dge B J L ' Misilsdztse 5 ydq B H tieH ©ofschiists Qflse
J daj @e2.

75



1B tedzd € Isj L Wl g 2 jt20 Mg § £ 06 thGCass s S sdW j o dzy '
OMmf ' cOdzas' & ' BsdsHds oujdedr 0JBdOH&OddzY 7' & ydzd |
GOl j 6' Odz' o 0

t d Ml dits G5 Blc O iy’ Rdp'ts tlzPB  tizz Istc* h dz' 2 f 5o
5§ f dztstsB 3" dgdzgd ° Istelzs

WH W] B ofjsizizve O zdz( s dzlmslg tel2d2’ d' j 2 ddfistises jcie iz
st dzj o j dzdSdn My’ ttO® dzch fls@EfE o ,f 5 LWHCHE
IszteB zdzj dzls dz' fiplds'B s ffigsAstisiSHAS © M O . vlzteB Zdzj dzls d
' Ho dhI§g pAfitgtdc j H OY' o' H Mmls' dZ2¢d IstckzBd HB
L d3j dzh ftadf sylseo h ddzz s j f dzse s¢ 5 , f tsec toHOfdzs{ay' d
f '  Hodh ECHsj!Wijwy " * dzls Isjfdztsf jtoej HOUY OdzCu dzk g ¢
B J dzL tsdzlz YyJ BHEzL btsdgdWlsj € Isd o dzts 9 HotwdB(J
CtsdzH § dzlts o Odzd f Otc’ o Odz¢ ' dzB J dzL s dgld,d3 filplOO
LOBJ LY Jydlsd to' oadzsd3’ toedzz S tsdzH J dzlmMOy" ¥ 5 &

f ibsHd j Odz' L O igdpdparsticl 8 @2 H:j W dzj ¢ BO

1) dog - Odg' ydzj ftotsW ' dzt o OdzdzV o dzlzasSedzsh i ‘ts
Goddzlstso j Ot M ' tcOdz' dzj ftoslssylz am® dzd® B s
sBtetsBCEZ dBjlsOdzjoddzd twsdzd S Oddd Hdzv W stz
odMmlszy * o . Kj2 d&jlssH LOBjLY jykz" Istsydad ¢
sflsdBOd dats’ ' dzlsj dzmdW SOY' C s dzstsB &3 dzkz

2) dfIslsw OBt JSCMmlstelzL "W Istckzs ' U 46l ¢
odcetslssodzwesls: v L tojBtodMmisss odzzlstc’ M dz s
By IsOzz OB SCEBPEzls&FcE kOBt SHicH WOdk

SO kZdadSCdzzlsd HBSHOLSCtoat'™ d&jnOds Ydets' SBICEE
76



1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

3) o C sted Mmls O dzdz™ ofMlsOodedrn T 2] BasdfAHs'= IS
‘Bzlsj ez s MW o dzgzlstc® N dg ofmMsOeaCd L YBLHB
vO0Cd?2 o stsH LOBJLYJYykz® &Zzij ek BsSHIW' COY'
HiSL 8 sdzw dSMyjtedd3j daslsOdz! des " HB OIS i
feslssClkz [ 4] .

stsy jdz R LA3j s Hdz' oL 2t ] ff to tSle lxiitsa sdz jOdizdz’ s ¢
f " Hodh k' CJ W' y" "dels jfdesf jtej HOY , o BH
olstcOIsd . 1 8 HdzOdzdzw o dzzlste' hdz' = 3 Ctetstej B §
sflsddd3 LOy' ‘& Co@Rftsdkze Odedzy fE2ygazmddlzeg Oy
Isj f dzssB 3" dzz, P ts "  Hedh k' JjJW,jClsdeds Mis!

l1jtjo0Ocd LOMstsMmMizo Odzdzy o dzzlstc® h dz' = 3" €

T f Hodh jdede? CjW" yd' dglp 9AB] Plzts fOjdag M Hie
CjtsdiielgtB'jtc ' hoduHECBMmMIs' lstsC z;

1 L d&3j dzh j dzdzgv dzts € Ot addrf Rls @ SLHD fif Ig thetj s 7 s dzts

1 Bsy dzd 9 * Mis odCtsted MisOdzdz? IstelzB  d3j dzh
Isj f dztso s’ Y Blsky dzsfmls® Of OOl O;

T f Hodh jdedz" JjozjteetsiWjCilsdodetsfls® il
SetsdzsHy k28 ysets Mjtej Hseadh O.

dJiJH dgHtsd €' 9 Mdz"H LOL &ZOYdIsd:

1 Ctsh Istso gizg dats @ridy € adp@zmodgjcigls so dzj dzdzv Istclz B

1 dzj 5B » ‘ Isitsla)] dgisaHstc O o tzts Y O E & dz€ Iz

1 M¢ dzOH B Mkzkz ¢ ts of boaf O disdzpd " j dzdz' o dzzIste® h d
[2].

s M dz' IsjtcOIslzted

1) Jasi EBski P. B. Numeri cal Il nvestig
tubeswi h transverse micro fd 204.9d VoR17,I8ue J a
3, Art. 714.0 DOI:10.3390/en17030714

77



1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

2) z9oj .}V Hodhjiwdgdgvls d © dztgth O Sslg dEfias s B d3' dzd:
C st B toj lseflopdC/ QB 7 0 § W BOG.HiGEY s d e ) wdiu.
g4 ' Stem! CSc&,00DUR2 1 I2° JWJiSClsd o CtetsC OdzOdz' da
MistckzCIlszte Hdzw " HodM jdzdzw Isjf dzo JHEBBBEISC 2

3) Chalco Al umi num. l dgzlste’ h dgv ted W dzj
i tctsd3. MisOlslsw / Chal co 1 ‘
https://lwww.chalcoaluminurnom/uk/knowledge/innegroovedtube2506z my / ( H O
Lo jtodsj dgdzv : 21. 02.2026)

4)  Numerical study on the mechanism of heat transfer enhancement in the
tube with internal axial straight micro fink.Int. J. of Thermal Sciences.2024.1
Vol. 199.71 DOI:10.1016/jijthermalsci.2024.10893M (0O kb © | tc dzgd1@2i2026)

78



1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

UDC 664.8.047
ULTRASOUND INTENSIFICATION OF THE DRYING PROCESS OF
CAROTENE-CONTAINING RAW MATERIALS
PhD,Associate Professor Olétovokhat,postgraduate student Yuliia Zloba
National Technical Univeity of Ukraine
Al hor Sikorsky Kyiv Polytech
Abstract: The paper considers the drying of carote@oataining plant
materials and the challenges of preserving carotenoids during thermal processing. It
Is shown that ultrasound application emites 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: CAROTENOI DGAROTENE; ULTRASOUND;
DRYING; MASS TRANSFER; DIFFUSION; ENERGY CONSUMPTION;
PROCESS INTENSIFICATION; CAROTENEONTAINING RAW MATERIALS
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Carotenecontaining plant raw materials ftats, pumpkins, tomatoes, apricots,
etc.) are an I mportant S «arateoeg a prolvitantnaAr o t
and a powerful antioxidant [1; 2]. High humidity and limited shelf life of such raw
materials necessitate its preservation, amongtwlrying occupies a leading place
[315].

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 gngicant 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 theise of ultrasound as a tool for intensifying mass
transfer [111 14].

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

Comparative analysis shows that vacuum and microwave methods provide
better product quality, but are complex and enénggnsive [9; 16]. Convective
drying remains the most common, but is accompanied by significant la$ses
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 cddiu structure and acceleration of moisture

transport [1114].
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Studies show that the use of ultrasound can increase the dayémg general up
to140% and improve the preservation of color and carotenoids [116].2;
The drying process is described by theat and mass transfer equations. Taking

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

or ow
pe o = AVT —pty | —— | +0us

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

Mass transfer is described by the diffusion equation:

ow

Effective diffusion coefficient taking into account ultrasound:
Desr = Do(1+ kplys)
The growthD, ;; 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 chaeaized by the Fourier number:
D,reT

Fo = T

L2

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

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

Reducing he drying time leads to a decrease in heat load, which contributes to
t he pr es e-cawtere.i Acaording fto experimental data, its preservation can
reach 9698 % [13].

Energy consumption is an important indicator of drying efficiency. It was found
that freezedrying: 7 10 kWh/kg [9; 16], vacuum:i®d kWh/kg [9; 11], convective:i2
3 kWh/kg [3; 4], ultrasonic: 1i&.5 kWh/kg [11; 13; 16].
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Total energy expenditure:

Qtot = Qcon.v + Qu.s

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

Reducing the drying time ensures a reduction in energy consumption1j4;116].
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 fean#t 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.h& 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 # material. As a result of the use of ultrasound, the
duration of the process is reduced and energy costs are reduced. The most promisin
direction is the use of combined drying methods, which provide better preservation of

the quality of carotereontainng raw materials.
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PETROCHEMICAL PROCESSES
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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 andisadvantages of this equipment are analyzed.
KEYWORDS: TUBE FURNACES; FIRED HEATERS; FURNACE DESIGN,;
RADIATION SECTION; CONVECTION SECTION; HEAT TRANSFER.
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Tubular fired heaters are widely used in oil refining, pdtemgsical, 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,
preheaters, fans, and burners used in refinery service are specified in APl 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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accordingto the selected process arrangement. In the radiant chamber, the main shar
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.
He | 4 H :
."11, .":}
Type A Type B Type C
box heatearbor coll cylindrical helical coill cabin heatehorizontal
coil
]
[ [ -
Type E Type F Type D

ylindrical vertical coil  box heatehorizontal coil box heatewertical coil

Figure 1- Main layouts of tube furnaces

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

depends on capdy, temperature conditions, fuel type, coil arrangement, and the
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method of fluegas 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 Brate 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 figpe arrangements with vertical or horizontal
tube placement. Horizontal coils are more convenientdi@ining and cleaning;
cylindrical designs are more compact; and vertical tubes provide a denser arrangemen
of the heating surface. Such designs are considered through a set of features: furnac
shape, arrangement of tubes in the radiant and convecittionsg location of the
convection chamber, fudking method, number of radiant chambers, tube length, type
of refractory |lining, and burner type [

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

Advantages:

- Continuous heating of the process stream, which is important foichjggucity
chemical and oitefining units;

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

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

- A large heatransfer surface due to the developed tubular coil;

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

- Compatibilitywith 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 remform 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 heatesistant steels, refractory lining, and inspection systems;

- The ned for thorough cleaning, maintenance, and monitoring of-tudié
temperature;

- Emissions of nitrogen oxides and carbon dioxide during fuel combustion.

List of references
1. API STD 560:2016. Fired Heaters for General Refinery Service. Fifth Edition.
American Petroleum Institute, 2016.
2. Stepaniuk A. R. Furnace Equipment in Chemical aneR@fining Processes: study
guide.Kyiv: Igor Sikorsky Kyiv Polytechnic Institute, 2017. 172 pages.
3. https://www.youube.com/watch?v=MZ9s2ciAWXEAccessed on 26.05.2026.

4. https://www.youtube.com/watch?v=Y|jzXJOHoBylccessed on 26.05.2026.
5. https//www.youtube.com/watch?v=itYZPtbJSH4&t=95Fsccessed on
26.05.2026.

89


https://www.youtube.com/watch?v=MZ9s2ciAWXE
https://www.youtube.com/watch?v=YjzXJOHoByU
https://www.youtube.com/watch?v=jtYZPtbJSH4&t=953s

1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

UDC 664.8.047
INTENSIFICATION OF CONVECTIVE DRYING OF MEDICINAL AND
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ANNOTATION : This study addresses the imperative of developing energy
efficient dryi ng t ec htamableodgvelepmentwiiameworky L
focusing on hoetair drying as a critical stage in plant raw material processing.
Recognizing the high energy consumption associated with drying procésses
accounting for up to 20% of total industrial energy ilsesearch edeavors aimed at
optimizing drying regimes for thermolabile materials such as apples and peppermint.
The findings demonstrate the feasibility of utilizing Jpnade waste heat via heat
pump technology for sustainable, enesgwing drying solutions, conbuting to
Ukrainebds broader goal s of food prese]
innovation in food processing.

KEYWORDS: DRYING, HEAT PUMP, ENERGY EFFICIENCY,
THERMOLABILE RAW MATERIALS, APPLES, PEPPERMINT.
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Ukraine, as a member of the UN, has joined the global process of ensuring
sustainable development by defining natiotla¢ Sustainable Development Goals
(SDGs), which serve as a basis for integrating efforts aimed atiggmseconomic
growth, social justice, and rational use of natural resources. One of the SDGs targets
to ensure the creation of resilient food production systems, primarily through the use o
innovative production technologies developed on the basiscofasing 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 policy1].
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One of the main technologicplocesses 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 prolongshelf 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
countryaos energy S e c unvoivds ythe implementdtion iofn [
programs and measures to improve energy saving and energy efficiency in economic
sectors.

Considering that hedir drying is an important stage from the standpoint of
preserving the properties and chemical composition of maaterials 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 -gigllity products
constitute a relevant scientific and technical task.

To determine the regularities of the drying process of thermolabile materials anc
to develop energgfficient dehydration regimes, fruits (apples) and aromatic herbs
(peppermint) were chosen asearch 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 lov
temperatures and reducing processation. To preserve valuable biologically active
substances, drying must be carried out at temperatures not exceeding 40 °C for aroma
herbs and 60 °C for fruits

When studying the technological properties of materials, an important role is
played bythe 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 var

adorption isotherms for the materials under study, equilibrium moisture content values
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were determined in the temperature rat
establish the relationship between the hwaisture parameters of the drying agent and
the material being dried in the course of drying, as well as to obtain the dependence ¢
the partial water vapor pressure at the material surface on moisture content an
temperaturgg= f(u, t) in the ranges = 0,04» 0,9 kg/kg dry matter and= 30> 60 C.

The most noticeable influence of the moisture content of the drying agent on the
process duration is observed during {temperature drying: low dehydration intensity
and dependence dryer performance on the heabisture parameters of atmospheric
air. Analysis of the dependences of the partial water vapor pressure at the materi
surface pg for the studied materials showed that as the surface moisture conten
decreases, the drivirfgrce of mass transférthe mass transfer driving potenth =
PsT P00

The only way to intensify the lostemperature drying process is to increase the
mass transf er tothy foroed delgumigifizaticn roft the aldying @gent. To
maintain tle 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 sufficieriheAt
second stage, as the partial pressure of water vapor above the material decreases,
degree of dehumidification is correspondingly increased. At the final drying stage, the
main factor determining energy consumption is process duration, therefarerdase
the drying rate, it is necessary to maximize the degree of drying agent dehumidification.

In study, to determine energytimal indicators of the drying process using a heat
pump cycle, an algorithm was developed for calculating the dehydratoess of the
heat carrier in théfig diagram [2]. Based on the calculated specific energy consumptior
at different drying temperatures and degrees of heat carrier dehumidification (Fig. 1), tl
optimal heatmoisture parameters of the heat carrier were determined and regimes we
developedhat ensure intensification of mass transfer and minimal energy consumptio

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

peppermint.
1,6
14 4 |
o ) —r13=70( “C
2 —tr—ta=65
=11} i h
g‘ —t t2=6 )
2 08 o] ——1a=55
t; 0.6 Oy —— =1, ]
04 e e
0.2
0 2 4 6 8 10 12 14 1§ 18 20 2
d, g/kg dry air

Fig. 1. Effect of drying temperature on the energy consumption

of the moisture removal proces$2]

Table 1
Drying regimes for agpples and peppermint at drying agent temperatures
of 50 °C and 40 °C, respectively

Degree of drying agent d, g/kg dry |Dp, mm Hg (apple
dehumidification air / mint)

I Low degree of dehumidification 20é25 58¢é63 |/ 0, 4¢é0

Stage g, kWh/kg

Increagd degree of
Il 1520/ 45¢é54 |/ 0, 6¢el

dehumidification

Maximum possible degree of
1 <15 33é42 |/ H &5

dehumidification

The possibility of forced air dehumidification in the evaporator of the heat pump
makes it possible to create the required me@itsture parameters of the drying agent

regardless of ambient conditions. This ability of the heat pump to reduceotbieima
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content of the drying agent during leeemperature 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 notrdisdhato

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 thie specif

energy consumption for dehydration by

convective drying, thereby increasing its energy efficiency
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ANNOTATION: To substantiate the selection of a fermentesigte for the
cultivation of bakerdéds yeast and its m
patents from various countries over the past year were reviewed and analyzed. The
operating principles of the equipment were examined, along with theaméages and
disadvantages. Based on the analysis of the reviewed literature, ideas for fermenter
modernization were proposed.

KEYWORDS: FERMENTER AGITATION DEVICE, MODERNIZATION,
BREAD YEAST.
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Introduction: Baker 6s yeast represent dltuep eci
of microorganisms, predominantly Saccharomyces cerevisiae, capable of carrying out
alcoholic fermentation. In the course of theietabolic processethey convert sugars
into carbon dioxide and ethanol, which ensures dough leavening, the formiatien
porous structure, and the development of characteristic flavor and aroma properties.

One of the key units in bakerds yeas
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
enales 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 fermenterdesign and its operating principle

The fermenter is intended for firstage 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 wer 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 alsc
installed there. Tanaintain 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 pvided for discharge of the medium [1].
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For the purpose of apparatus modernization, patents related to the improvement
of internal fermenter componentsparticularly mixing devices and heat exchange

systems are considered.

171 shell; 2i cover; 3i bottom; 41 paddle agitator; b drive; 61 jacket; 7i air inlet
nozzle; 8 sparger; 9 cleaning manhole; 10 molasses inlet nozzle; I1water inlet
nozzle; 12 water outlet nozzle; 18 support; 14 discharge nozzle.

Figure 17 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 soplestage prior to industrial
fermentation (Figure 2). The main objective of the dessgto ensure uniform mixing
of the culture liquid and nutrient medium while reducing shear stresses that may

damage cells or mycelium.

17 vessel; 2 sealed cover; B first mixing rods; 4 second mixing rods; b
drive shatft.

Figure 21 Cultivation vessel for microorganism growth

The main advantages of the apparatus include uniform distribution of nutrients
throughout the culture volume due to a mtisr mixing system; prevention of biofilm
formation and biomass adhesion; and reduction of foamwtbout 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 mechanisnto 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 uniforntontact with the enzyme solution and improving liquid removal.

i

7 pe— T

171 fermentation vessel; 105control panel; 106 discharge pipe;
1077 drain valve; 108 support leg; 4 top cover; 3 lifting mechanism; 302
lifting groove; 303 lifting motor; 3G 1 ring frame; 308 threaded ring; 501
mixing motor

Figure 31 Fermentation apparatus for tobacco processing

The advantages of this design include maintaining a uniform temperature regime
during fermentation, improved processing of tobacco raw mbtand a simplified
loading and unloading process. The disadvantages include an increased number ©
mechanical components, which complicates the design, manufacturing, and operation
of the apparatus. In addition, continuous monitoring of the tightnedseoheating
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 medinthraturning it after

100



1B tedzd € Isj L Wl g 2 jt20 Mg § £ 06 thGCass s S sdW j o dzy '
OMmf ' cOdzas' & ' BsdsHds oujdedr 0JBdOH&OddzY 7' & ydzd |
GOl j 6' Odz' o 0

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 advantage 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.

00— &

1007 fermentation vessel, 0BT mixing unit; 3007 filtration unit

Figure 47 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 puchps an
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 devicesthe paddle agitator and theasger- into a

single unit, thereby simplifying the design, installation, and maintenance (Figure 5).
101



1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

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 t#wegnzone
created by the blade edges (3). This results in intensive dispersion of the gas phase int
fine bubbles, increasing the interfacial contact area and the rate of oxygen mass

transfer into the culture liquid.

él

\4/7
3 ' 2
o
4/

171 hollow shaft; Zi hub; 3i two-blade agitator; 4 sparger.

Figure 57 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 gital 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 ds vy
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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.
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Petroleum cke (Englishrefinery coke) is a solid porous substance from dark

gray to black in color, which is a productoking(calcination) of heavy residuas. It
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iIs used: in the production ofnades 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 bottomduves 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 tr
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 centrifugepkiee c
enters the drum dryer where the drying process takes place by countercurrent, a ho
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 roller38 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;thied, mixed by blades 7 of the
receiving screw nozzle, and then fedthe 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 driecaterial 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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17 drum; 2i bands; 3 support rollers; 4 gears; 5 supporithrust
rollers; 6i feeder; 7 blades; 8 fan; 97 cyclone; 10 unloading chamber; 11
I unloading device.

Figure 1i Design diagram of a drum dryer

The aim of the work is to modernize the drum dyyehich 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 2i Blade with elliptical holes.

A-A

Figure 3i 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 elliptice$ holthe
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, alstiam $8A it is
shown that the blades are installed at a small angle so that the drying process proceec
evenly and qualitatively. Due to this improvement, the efficiency of the drying process

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

Al gor Si korsky Kyiv Polytechn

ABSTRACT: The paper examineslirections for modernization of the
dephlegmator used in phenol and acetone production as a key apparatus of the
rectification unit. The constructive features of the shatitube heat exchanger are
analyzed, along with its advantages and disadvantagegtovements are proposed
through the use of segmented baffles that create a -gpasi flow, thereby

intensifying heat and mass transfer processes.
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U D 630
CREATION OF A NEW EN ERGY-TECHNOLOGICAL COMPLE X FOR
DRYING VARIOUS SOLID DISPERSEDMATERIALS
s r e mn Belya®G., Belyaeva I.Zhukovs .
s tutN., StetsukV., Timoshchenkd.
Institute of Engineering Thermophysics of the National Academy of Scienceof

Ukraine

ABSTRACT.The paper is devoted to the creation of a unified complethéor
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, GEIERATOR
GAS, SOLID DISPERSEMATERIALS, DRYER
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The purpose of the work

Create a unified complex with high factory readiness for obtaining generator gas
from predried 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 equippinghe production of wood fuel chips, biofertilizers and other
technologies for dewatering solid dispersed materials that allow direct contact. with
generator gas combustion produdik [

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

- production of generator gas from wood fuel,-dreed 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 waonk) chamber of the gas generator;

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

- a system of autontia 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 itsgble to compose the application of the

modular principle of energgfficient 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 technolbdigang systems [2].
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Abstract: The influence of temperature on the change in the hydrate form of
bischofie 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 loweryrates was traced. It is shown that at 70 °C the process is
limited mainly to the hexahydrapgentahydrate range, at 9000 °C tetrahydrate
becomes attainable, and at 110 °C the composition of the material approaches a
mixture of tetrahydrate and trihydi@a 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.
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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
possible to directly relate mass losses to the transitio o m Mg CI| L6H O
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 Mg CI L6H
material enters the pentahydréé¢rahydrate range, while at 110 °C the average
composition appraahes a mi xture of MgCl L4H O
indicate that increasing temperature not only accelerates the process but also change

the attainable final hydrate state within the same treatment time.
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The obtained results are of practical impore 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 bestbimeorder to reduce the risk
of further transition to less stable forms and to obtain a more uniform composition

throughout the bulk of the material.
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Figure 1. Generalized curves of changes in the number of crystallization water
molecules in bischof 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. fdrerecontrol 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 bischofitgdosion in

technological practice.
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MODERNIZATION OF A LUBRICANT PRODUCTION PLANT WITH THE
DEVELOPMENT OF AN EVAPORATION COLUMN AND STEAM
GENERATOR
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Annotation: The areas of modernization for the lubricant production plant and
proposes the modernization of the steam generator to produce steam for thagstripp
column are described.

Keywords: RECTIFICATION, OIL, EVAPORATOR, STEAM GENERATOR,
MASS EXCHANGE, HEAT EXCHANGE.
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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
consistacy: 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 steal
gener#or, 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 ofi130 °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 mogs in ordered layers without significant crdlesv
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 contivity 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 efficiencyhaf steam generator deteriorates.

Il n the masterds thesis titled AModer
t he Devel opment of an Evaporation Col ur
to the steam generator 0s ¢antewl hdicainsgringe i
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 tvadmensonal diagram of the spring, shown

in Figure 1.2, is presented below.

LLLLIT 744

Figure 1.2 Si mpl i fi ed 2D diagram of the

The spring installed inside the pipe, as shown in the diagram, acts as a flow
turbulator. As water flows through the pjpthe 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 signifibtanreduce 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 fluidlocities. This allows for a
significant increase in the heat transfer coefficient without a substantial increase in the

uni tds di mensi ons.
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REVIEW OF EQUIPMENT FOR GRANULATION
OF ORGANO-MINERAL FERTILIZERS
Kapuka O. D., PhD Haidai S. S.
National Technical University of Ukraine
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ABSTRACT: The results of a patent search for equipment and methods for the
granulation of organemineral fertilizers are presented. Various types of apparatus,
such as fluidied bed granulators, roller extruders, are considered.

KEYWORDS: GRANULATION, ORGANO-MINERAL FERTILIZERS,
FLUIDIZED BED.
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Currently, there are many devices and rodthfor granulating organAmineral
fertilizers. A patent search has identified several types of devices that can be used tc
facilitate the granulation process and produce a finished product of a specified shape.

A design for a fluidizeébed apparatus forrpducing fertilizer granules is
proposed in Patent [1] and shown in Figure 1.
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17 granulation chamber;2liquid-phase pipeline; B pump; 4i spray nozzles; b
fluidized bed; G air supply line; 4 overflow partition; 8 discharge pipe; D
exhausair outlet; 10° cyclone; 111 dust return line; 12 exhaust fan; 18 heater; 14

i blower; 15i slurry tank; 16" dosing unit; 17 belt conveyor; 18 elevator; 19
return feeder; 20 seed hopper; 21l vibrating screen; 2R product fraction outle23
I crusher; 24 coarse fraction return line; 25finished product hopper; 26cooler;
271 cooler fan; 28 gate valve; 29 flow meter; 30i temperature sensor; 3lheat
exchanger; 32 control system.
Figure 1. Schematic of a fluidized bed gratiolaunit [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 uniforndy $ipe solid
seed particles (return material) suspended in the fluidized bed. Exhaust air, togethel
with fine dust, exits through the upper pipe 9 and enters the cyclone 10, where the dus
settles and is returned to the process via the return line 1Jurified air is extracted

by fan 12. To maintain the temperature regime, the air is heated in the heater 13. The
151



1B tedzd € Isj L Wl g 2 jt20 Mg § £ 06 thGCass s S sdW j o dzy '
OMmf ' cOdzas' & ' BsdsHds oujdedr 0JBdOH&OddzY 7' & ydzd |
GOl j 6' Odz' o 0

finished product is discharged through pipe 8, passes through screen 21, where it is
separated into the marketable fraction (sent to warelzhijsand 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 organanineral 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

Figure2.

4050
17 main housing; 10 front baselli support frame; 12 bearing assembly;

137 drive shaft; 14 driven shaft; 20 rear base; 21 rear support; 22 support
plate; 30i pressure wheel adjuster; Bhydraulic cylinder; 32 spring assembly;
4071 feed mechanism; 4ilhopper; 50" granulation mechanism; S1press roller;

6071 grinding mechanism; 6[L grinder blades; 62 screen; 70 transmission;

717 gear wheel; 72 coupling; 80 discharge chute; 8loutlet; 90i motor;

33071 cooling channel.
Figure 2. Dry roller granulatog].
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The apparatus is based on a robust frame 1, which comprises a front base 10 an
a rear base 20. The material is fed through a feeding device (feeder) 40 with a hoppe
41, where the raw material is ptempacted. 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. Aftel
pressing, the compressed slab enters the crushing device 60 with blades 61, where it i
broken into granules that pass through a screen 62 and are discharged through a chu
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 ant
subsequet 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.

57 feed opening; & discharge port; 16 main shaft
ali 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 gecial 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 heatgqndue 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 materialsegulated by a pneumatic cylinder
4, whose rod 5 moves andhaped gate 6, opening the opening 7. Pellet formation
occurs between the extrusion rollers 8 in hemispherical chambers 9. The apparatus i
equipped with a protective screen 15. The finishedlyoebis 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 disade is the
possibility of material sticking in the cells 9, despite the presence of brushes 21.

e
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N L
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2
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Wg XXX
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17 housing; 2 hopper; 3 agitator; 41 pneumatic cylinder; b piston rod;
61 L-shaped valve; ¥ feed opening; 8 extrusion roller; 9 hemispherial cell;
157 protective screen; lIibsupport frame; 17 vibrating screen; 18 product
discharge pipe; 1P dust extraction pipe; Z0round shaft; 21 cleaning brush;
221 rotating shaft; 27 motor; 28i gear; 29 spring.

Figure 4. Roller device feextrusion 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 iveysd 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 ateoff 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 bumlpre-grinding unit, where a rotating shaft 804 with
a connecting rod 803 and bevel gears 801, 802slknives 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 th

heaing jacket 20.
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17 granulation chamber; 2feed opening; 8 support;4i extrusion cylinder;
51 motor; 6i gearbox; 7 shaft; 8i first gear; 9 second gear; 10rotating rod;
117 blade; 12 bearing; 13 heater; 14 die; 15i cutting blade; 16 fan;

177 cooling bath; 18 water pump; 19 discharge port; 20 heating jacket;
2171 control panel; 801 first bevel gear; 802 second bevel gear; 803onnecting
rod; 804i 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 ergano
mineral fertilizers. This type of equipment provides the best conditions for the

simultaneousdrmation and drying of the product.

REFERENCES:

l1.Pat ent US5120345, [1s Co05C 9/ 00;
PRODUCING FERTILIZER GRANULES. Kayaert A. F., Cardon W.; Norsk Hydro
AS. Application: 07/627,615 1990-12-11. Publication: 19926-09.

2Patent US9827571B2, [}ls BO1J 2/ 22;
Deping Lin; Zhejiang Future Machinery Co., Ltd. Application: 14/711,7281505
13. Publication: 201-1.1-28.

3.Pat ent UusS10857513B2, [1s BO1J 2/
GRANULATOR. Liang N., Ruan J., Xiao K. et al.; Anhui Dingliang Technology
Energy Co., LtdApplication: 15/951,192 201804-12. Publication: 2020.2-08.

4Patent CN213467727U, [1ls BO1J 2/ 22.
for compound fertilizer. Kunming Honghai Phosphate Fertilizer Co., Ltd. Application:
202022347586.2 2020-10-20. Publicéion: 202106-18.

5, Patent CN109016 2 2 2Maste pfadtis recigcing gran@atod 6 .
for environmental protection). Yutai Fenglu Renewable Resources Co., Ltd.
Application: 20181085237110201807-30. Publication: 2018 2-18.

156



1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

urs 66.045. 7H56.074:662. 7

REVIEW OF HEAT EXCHANGER DESIGNS FOR BIOGAS PURIFICATION
PLANT
Koren D. O., Haidai S. S.
National Technical University of Ukraine
Al gor Sikorsky Kyiv Polytechni

ABSTRACT: The paper considers the modernization of a biogas purification
unit through the improvement of a shafidtube 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 resultsf the modernization provide increased productivity and reliability
of the unit.

KEYWORDS: BIOGAS, HEAT EXCHANGER, SHELL ANDTUBE,
INTENSIFICATION, GUIDE BALLS, HEAT EXCHANGE EFFICIENCY.
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In modern technologies for processing organic waste, biogas is considered an
important renewable energgource suitable for use in cogeneration plants, internal
combustion engines and for the production of heat and electricity. Biogas contains a
significant amount of I mpurities (pri ma
removed to ensure stable og&on 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 purificatbn plants must maintain optimal temperature conditions for
adsorption processes and moisture condensation. Accordingly, the heat exchanger is
key element of the plant; its efficiency directly affects energy consumption, operating
costs and technical rability of the entire system. Traditional shatidtube 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 amrmiproved shetandtube 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 abditbn 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 plalbede 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 passigh 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 lowerSdoperforms the

function of stabilizing the flow before entering the tube bundle.
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307 tube bundle, 32 tubes, 41 support (tube) plate, 42distribution (guide)
element, 51 lower zone of the apparatus, 6Rpper zone of the apparatus
(turbulizaton zone), 64 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 upperb2ora
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 disadagas. 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 resistanbé&ch 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 zonte$ire 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 #oguires 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, aft
which it stabilizes in the lower zone 51. The levelld 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. sThilows 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 processiitgdally 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

17 heat exchange surfacei drofiled (wavy) wall, 3i inlet section4 i initial
curvilinear zone, % depression zone (depression), Bsing section of the profile, i7
wave crest, 8 falling section, 9 characteristic width of the depression,ilfone of

intensive heat exchange, 1heometric parameter of the pilefi12i direction of
flow, 157 turbulating element, 16 zone of interaction of flows, 1i7zone 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 fornesd. N
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 passeshattaliing
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 seci@msl 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 presenta wertical 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 lsyler 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\&®,86
which leads to the appearance of local vortices. In the arthee @pex 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 destrudtitne ®oundary
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 structureThis ensures more efficient use of the heat exchange
surface 1, reduction of stagnant zones and increased heat transfer intensity. Sucl
solutions are especially relevant for chemical production, where heat exchangers are
widely used for heating, cooling drwondensation of media.

The advantages of the proposed design include an increase in the heat transfe
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 bbthedary 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 cemtnplartant.

Disadvantages may include the complexity of manufacturing the profiled
surface 2 and element 15, an increase in hydraulic resistance due to the intensificatior
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 shedhdtube heat exchanger for chemical production

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

=
"‘ 4
17 heat exchanger casingj £oolant suply/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 placeddinshown 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 dese 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 drainipe 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 basddeocidassical scheme
of a shellandtube apparatus, where one coolant moves inside the tubes, and the othel
in the intertube space of the casing 1. Heat transfer occurs through the tube walls due

to convection and thermal conductivity. Such heat excharagersvidely used in the
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chemical industry due to their ability to operate at high temperatures and pressures ant
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. Th
detachable cover 3 with a flange connection 6 provides convenience for maintenance
and repai.

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 tt
possibilty 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 mantacturing flange connections 6 and additional units 12, 16, 17, and
also a possible increase in hydraulic resistance due to the presence of additiona
elements. In addition, during operation, deposits may form in the tube bundle, which
requires periodic elaning.

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 increas
the efficiency of heat transfer between two media.

According to Figure 4, the designcludes 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 matemath high thermal conductivity. It is

164



1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

through the wall of the tube 1 that the primary heat transfer from the internal medium

to the external structural elements occurs.

171 heat exchange tube (main carrier tubg) fids (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 leahange area and
simultaneously affects the nature of the coolant movement in thefimtgprace. 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 dexredke 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 orgairig 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 ofoperation 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 theimsyace formed by the

fins 2 and limited bythe 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 ransferred 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 sthilizes 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 tdhé 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 additially 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 the
contamination and the formation of deposits, which reduces the efficiency of
operation. which increases energy costs for pumping media.

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

The main element of the desififigure 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 e&adlge intensification. In separate zones of the design,
it may have extensions or technological sections, designated as (20a), which are use

to connect or transition between the structural elements of the heat exchange module.
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207 heat exchange tube; 20 transition section of the tube; 27ixing
element; 28 guide element; 30 outer casing (casing); 31connecting node;
407 intensifying heat exchange element;iS@let pipe; 51 outlet pipe

Figure 5. Heat exchange element with heat exchartgesification [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 amgraase 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 aitsl 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), whiclerform 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 housir
(30) and the inner tube (20), emsmg 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 exaige 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 movng 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 t
the geometry of the inteal 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 sklabdirection, 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
advantge 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
alongthe 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 chanoaislead 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 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 manufaaring.
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A REVIEW OF DEFLAMMATION UNIT DESIGNS FOR ETHANOL
PRODUCTION PLANTS
Bohdanets M.G., Haidai S. S.
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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 co

guality of the separation of ahol 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 atmgtube 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, whic

ensure the movement of heat transfer fluids in cotoument or cecurrent modes.
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Figure 1. Diagram of a shedindtube heat exchanger [1]

This design of a shelindtube 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 continuolys 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 uni
to be widely used in industry, particularly alcohol production. Furthermore, the
design facilitates maintenance, as access to the main elements of the heat transfe
surface can be provided by removing covers or individual sections of the apparatus,
which simplifies preventive maintenance and theaning 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 spaes,well as the limited heat transfer surface
171



1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

area when using smooth tubes. This, in turn, necessitates an increase in the length c
the tubes or the number of tubes in the bundle, which directly affects the overall
dimensions of the apparatus, its weightl 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 thé husat @xchange
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 stace, which helps to intensify heat transfer by increasing the
contact area between the heat transfer fluids. The use of finned tubes allows the hes
transfer coefficient to be increased without a significant increase in the dimensions of
the apparatus, fwch is an important advantage in conditions of limited production

space.

S O
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\\\K\w

N
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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 characteristidgh®funit. 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
speciali sed equi pment , dugtibnicosh During opemters e S

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

Cleaning such surfasds 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 tube:
are not always the optimal stilbn for conditions where ease of maintenance,
reliability and longterm 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 snotially increasing the heat transfer
surface area without a corresponding i1
located on the surface of the tubes provide additional contact area between the hea
transfer fluids, which helps to improve heatnster 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 efflibw 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 conditi® of longterm 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 inase in the cost of the finished product. A
significant operational drawback is the tendency of the -fimtespace to accumulate
contaminants, in particular corrosion products, mechanical impurities and deposits
formed during operation. This leads to aueltbn in the effective heat exchange area
and a gradual decrease in the heat transfer coefficient. Cleaning such surfaces is .
technically challenging process, as the complex geometry of the fins makes it difficult
to access soiled areas, often requirihg 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 maintenancenapertant.

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 surfacéharea.
authors [2] have proposed a design for a heat exchanger utilizing baffles and specia
turbulation elements that alter the flow path and ensure repeated mixing. The baffles,
shown in Figure 3 and located in the iAtegbe space, force the coolant to ra@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 significamdrease 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 necessitate:
an increase in the capacity of the pumping or compressor equipment te &msur

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

This, in turn, leads to increased energy consumption and a reduction in the
overall economd efficiency of the process. Furthermore, the increased complexity of
the apparatusodéds design may adversely a
presence of additional components increases the likelihood of wear or damage during
operation. Ths, the use of baffles and turbulators is effective in terms of intensifying
heat transfer, but requires careful justification, taking into account the-dffde
between increased thermal efficiency and rising energy and operating costs.

The use of heat ekangers with baffles and turbulericelucing 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 digting 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 significantwoh i ch 1 s an i ncrease |
resistance. The increase in the resistance to coolant flow necessitates the use of moi

powerful pumping or compressor equipment to ensure the required flow rates, which,
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in turn, leads to increased energy somption. Furthermore, the increased complexity
of the apparatusods design due to the i
operational reliability, increases the likelihood of wear on individual components, and
complicates maintenance and repair.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 ohigh are described in [4]. A characteristic
feature of such tubes is the presence of a specially shaped geometry of the inner o
outer surface in the form of helical grooves, as shown in Figure 4, protrusions er wave
like elements, which ensure the fornoatiof 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 ol 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 crosection 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 turbulatorsirthermore, the absence of complex internal
components reduces the likelihood of contamination kbupldand simplifies the
process of cleaning surfaces during operation. Thus, the use of profiled tubes ensure
an optimal combination of high heat transfetensity, 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 41 Profiled heat exchange tube [3]

The use of profiled tubes in heakchanger 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 geometfich 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 flanse, 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 gffled pipes is that enhanced heat transfer is
achieved without a significant Il ncreas
designs with internal turbulent elements or complex baffles, which significantly
impede the flow of the heat transfer flutle profiled surface of the pipes ensures a
smoother change in flow structure, allowing pressure losses to be kept at an acceptabl
level. This is an important factor in terms of energy efficiency, as it does not require a
significant increase in the capty 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 o
transporting coolants.

Furthermoe, 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 narrovimttrannels
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and hareto-reach areas lgs to reduce the accumulation of impurities, corrosion
products and other contaminants on the heat exchange surface. This ensures mor
stable heat exchange characteristics of the unit over a long period of operation anc
reduces the need for frequent mamdnce and cleaning. It should also be noted that
the simplified design and the absence of separate turbdletheeing elements
increase the reliability of the equipment, reduce the likelihood of mechanical damage
and facilitate repair work. Taken togethéhese 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 skeelidtube 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 make
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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DESTRUCTIVE CHANGES IN PAPER UNDER THERMORADIATIVE
EXPOSURE
PhD, Associate Professor Novokhat O.A.
National Technical University of Ukraine
Al gor Sikorsky Kyiv Polytechni
Abstract: The experimental change in the mass of a paper lsamjh 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 wa:
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 tr
rational duration of infrared treatment of paper materials.
KEYWORDS: PAPER, INFRARED RADIATION, MASS CHANGE,
DRYING, KINETICS, HEAT TREATMENT.
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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 heatreatment processes. For papers itmportant to determine the nature
of mass change over time under such exposure, since this makes it possible to asse
the intensity of moisture removal, identify the characteristic stages of the process, and
substantiate the rational treatment duratio

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

The experimental dataset contained 817 successive measurements; time wa
given in seconds and mass in grams. Based on thamprigata, the dependences m =
f(U), om = f(U), and m/ m = f(U) were
0.743 g, and by the end of the observation period of 816 s it had decreased to 0.611 ¢
The absolute mass loss was 0.132 g, which corresgort’.77% of the initial value.

According to the experimental data, graphical dependences were constructed
(Figs. 13).
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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 édfradiation
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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 ae 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 ®ge 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 inthefst secti on was ab
whereas after the transition 1t was 1.
proceeded approximately 1.68 times more intensively. Such behavior may be
associated with faster removal of freer or weakly lsbomisture 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 whigttharfincrease 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-stage behavior, which should be
taken into account when selecting-tRRatment 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 thetraaster

process.
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ANNOTATION . The main design approaches to heat transfer intensification in
heat storge 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, mdified 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 ard¢heoheat exchange
surface and educing the characteristic heat transfer path in the volume of PCM.

KEYWORDS: HEAT STORAGE, PHASE CHANGE MATERIAL, PCM,

HEAT TRANSFER, HEAT TRANSFER INTENSIFICATION, EXCESS HEAT.
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Increasing the efficiency of energy resources is one of the key tasks of modern
heatng 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 sgsts 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 EMs, 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 heaccumulating equipment with PCM and to determine the most
promising approaches to increasing dficiency of its operatior[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 pha:
state faster than the distant areas of the material. r&sudt, 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 heaicumulating material. Thus, one of the main

limiting factors in systems of this type is the low thermahductivity of the PCM,

which i n a generalized form @&iguneldple char
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Figure 1i Local physical model of the heat exchange process in a heat storage device
with RAEMnvEctive heat e thérmahconeuctivityint h e
the phase change material;idgharacteristic thickness of the PCM layeii; &ea of

the heat exchange surfacej @irection 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 hea
transfer surface.
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From an engineering point of view, this means that the efficiency ofdhe h
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 wel
as the area dhe heat exchange surface [1, 2]. Therefore, it is advisaldeect 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 taedusatilating
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 «
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 desmgithie constructive
way of intensifying heat exchange. It includes the use of heat conduction ribs, metal
foam materials, modified surfaces, corrugated or ruliéinnel heat exchange
elements, as well as the rational arrangement of tubes and channelvafuthe of
the PCM [1, 4]. The scheme of heating the device from thermal power is shown in

Figure 2.
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Heat-storing material

Accumulator heating mode:ilheating medium input, 2 heating medium
output.
Accumulator cooling mode (heat transfer to the rooni)cald air inlet,2 T
warm air outlet
Figure 2i Scheme of heating the device from thermal power

The common idea dhese 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 narial.

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 sppeifaf t

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 systen
[6, 7].

188



1B tedzd € Isj L Wl g 2 jt20 Mg § £ 06 thGCass s S sdW j o dzy '
OMmf ' cOdzas' & ' BsdsHds oujdedr 0JBdOH&OddzY 7' & ydzd |
GOl j 6' Odz' o 0

TennoHocin
T / (Bopa) T
Wam =t i
i |
CriHka 7 | Q === ==1gf—
anapata ———44 | —» PCM
i | — — — L~ (Tennoakymynionunii
% | g Mmarepian)
| Q == ===
-
1 == =M=
I ™~ Pe6pa /
XapakTepHa ' Q =i L ™~ Pebpa
TOBWMHA — ~——_| g — — — opebpeHHs
wapy dx /' ! —t o
—¢Q — — \'
dx / F - nnowa
7 Tenno06MiHHOT
—10 ‘ NoBepxHi
% =={8f— =il—=
/ A
s o

Figure 3. Schematic representation of a heat storage deticénmed 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 des@gnd an increase in its cost. In addition, in
some cases, an overly developed porous structure can suppress the convectiv
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 convectiv
component of heat transfm 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
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most promising direction is a comprehensive approach, which takes into atwunt
properties of the phasghange material, the temperature range of the heat source, the
geometry of the device and the conditions of charging and discharging. Faaridw
mediumtemperature systems, the constructive improvement of heat exchange
elemerts 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 determinedahthe 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 othe heat exchange surfaaed reducing the heat transfer path in the PCM
volume is substantiated.

4. It 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 futher 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 sirelitube
unit with a lens compensator by usinglgiing 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 itacreasing the energy efficiency and
reliability of the heat exchange equipment.
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BUFFER, HEAT EXCHANGE INTENSIFICATION, FLOW HYDRODYNAMICS,
EQUIPMENT MODERNIZATION.

fAdrrtirwoAwe dwrwitwldepfowmt vyor fuy
slskujdzls 1 OnBdz Y S5 dz.., [HSYJ dzls 1 B9
1 Oy’ BdzOdz! dzd?2 s m~dz" ydzed?2 kdz o J tefmdl
A sd ofm! €d2 Ytsd Isjrdz ydzd?2 ' dzflsdliskzls
ddzslsOyvw : tesB IS totsL G dzv dzlz Is ts B H j tcdz
CsykzrntslstczB dzse s QfdPtc O] jLdzh@Isdzictsaz " dzv = s
HdMEsdz! yjodn fitjetsHsS E K 3 stlks ds B
Codmilstelz ¢ y* W LOBJ LY jyk’ B' dz' h o’ o dztsd3’
f" " HodhE® ‘dzlsd ded o dz' Mis Isjf zstsB 3 dzglz s O
1 Of steto Odzjy ' N jdedzw Mftedw® " Hodh j dzdzs |
tesBtslsd Isjf dzstsB d3' dzdetsc ts tsB dzOH dzO dzdz” .

192



1B tedzd € Isj L WIH Yl g 2 Jt20 Mg g 15 OC @ Qass 5 C tsdW j e dzy’
Off ' Odas' & *° BsdsHdn oyjddn 0B dOH dzOdzdzy 17 ° &' ydzd :
BOk j 6’ Odz' o0

sy Jlw agf[bdromJuovitovilrre vl J1] u
rResdwf ?ArJw Irteddtdrsr, Wl v[ | 8RA WS O,
pwrtdrryofwse ¥ fuvfsv, [frrtrw ¢oAwe [ ¢

Shell-andtube 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
technologcal 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 significatant
temperature differences is a skhafidtube 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-shaatieter heaexchange
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.

171 shell; 27 lens compensator;i3fairing

Figure 1i Shellandtube heat exchanger with a lens compensator
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Covers (medium distribution chambers) are installed on both sides of the heat
exchanger, formig 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 éhintertube 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 tge of heat exchanger is the presence of a lens compensator
built into the shell body. It is a thiwalled corrugated element (lens) capable of axial
deformation. The lens compensator is designed to absorb the thermal expansion of th
shell that occurs whethe 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 saetitube heat exchangers have
several operatiomadrawbacks. 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 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 tarsthell
tube units is the modernization of the baffle system in the shell sideath®f
traditional segmental baffles, it is advisable to use modernizedridgkbaffles
(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 2i Diagram of diskand-ring baffles in a heat exchanger

The diskring 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 surfacef 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
radialtaxial motion of the coolant. The flow in the intertube space rsefb 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 passestween 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 alternatiomn oscillating radial movement of the coolant is
formed, which significantly increases flow turbulence and heat transfer efficiency.

The use of disking baffles significantly intensifies heat exchange in the shell

side. By changing the direction of theatant 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 tomdit 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 exchdingelikelihood 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 reduce
heat loss. Moeover, 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 diskg baffles in a vertical shedndtube
heat exchanger is an effectimeodernization that increases heat exchange intensity,
reduces energy consumption for pumping, and improves the operational reliability of

the heat exchange equipment.
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ABSTRACT. A physical model of the interaction between a gas #ad non
spherical grain particles has been validated. It has been established that ellipsoidal
wheat seeds orient themselves with their smallest -s@dson along the flow, which
reduces hydraulic resistance and increases the porosity of the lagerso O .U O
Heterogeneous jgiulsation fluidisation ensures active mixing of the material: over

40% of the bed mass is carried into the space above the bed at a frequenéR & 1.5
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Hz. This intensifies heat and mass transfer and allows seeds todievelfyedried and
encapsulated at temperatures up to 40 °C without damage or the formation of
agglomerates.

KEY WORDS: PRESOWING SEED TREATMENT, ELLIPSOID, JET
PULSATIONFLUIDIZAs | ON, HEAT AND MASS TRANSFER
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ABSTRACT: The paper substantiates a mathematical model of lighake
motion in a rotary cup atomizer used for ewng seed treatment in a fluidized bed.
The model accounts for the conical geometry of the working elementfilrthin
formation, pseudoplastic suspension rheology, and the Hg hydrodynamic criterion
required to maintain stable singlayer flow. The calculadn results show that the
selected operating parameters provide
surface temperature within the allowable range, thereby reducing agglomeration risk

and preserving seed viability.
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PARAMETRIC ANALYSIS OF THE INFLUENCE OF OPERATING
AND DESIGN PARAMETERS ON THE EFFI CIENCY 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
"lgor Sikorsky Kyiv Polytechnic Institute"

ABSTRACT: The influence ofoperating and design parameters on the
efficiency of gaslust 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 teg and patrticle size on the eatf 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 higher pressure losses. The most significant
reduction in the cubff 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 Mmodified cyclone
apparatuses.

KEY WORDS: CYCLONE APPARATUS, WATER INJECTION,
PARAMETRIC ANALYSIS, FRACTIONAL EFFICIENCY, HYDRAULIC
RESISTANCE, DUST COLLECTION
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The Cyclone apparates 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 limitegfficiency in capturing fine particles, especially
fractions smallerthania 0 e m [ 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 insert:
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 mertial 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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of f di ameter d : t he c ocles$, amdt the ohgdraudid f i
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 | d ,1d (5 e mp, Pj
Gas inlet velootyl ;5 7 3570 |5592 40011400
Mesh porosity 0,60 0,85 3,055 |65 88 600 1100
\r’;’f‘gel_r /(imﬁfﬂg}s‘;'ow 0,512,0 1550 |7295 6501 1050
EI';’ar:]ticle diameter 1i 20 5 30 99 5

An increase in the gas inlet velocity from 12 to 22 m/s leads to a decrease in the
cutof f di ameter from approxi mately 7.0 t
efficc ency of 5 em particles increases f
resistance also increases from 400 to 1400 Pa. Therefore, an increase in gas velocit
Improves separation but requires higher energy consumption [1, 2].

A decrease in mesh porosityoin 0.85 to 0.60 also improves the cleaning
efficiency. The collection efficiency
whilethecuto f f di ameter decreases from 5.5 t
that a less porous mesh has a strongeceftn the flow structure and reduces the
secondary entrainment of particles. At the same time, an excessive decrease in porosit
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 -aft diameter decreases from 5.0 to 1.5

em, while the collection efficiency of
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associated with heterogeneous condensation of water vapor on the surface of particle

and droplets, which increases the effective particle size and enhances the action o

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 findiggas 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 comibed 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 cleaningfficiency but also the permissible level of hydraulic resistance.

Conclusion The parametric analysis showed that the efficiency ofdgas flow
cleaning in a cyclone with mesh inserts and water injection significantly depends on

gas velocity, porositpf mesh elements, and irrigation liquid flow rate. An increase in
217
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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 cutoff diameter. he combined application of mesh inserts and irrigation is a

promising direction for improving cyclone apparatuses used for cleaningugas

flows from fine particles.
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INVESTIGA TION OF BIODEGRADATION OF STARCH -BASED FILMS IN
SOIL ENVIRONMENT
assistanByshko[ ykyta.
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute"
ABSTRACT: The paper presents the results of an experimental study of the
biodegraation process of stardiased films under controlled soil conditions. Changes
in the appearance and mechanical properties of the samples were monitored over |
period of 30 days. It was found that exposure to soil leads to the loss of plasticizer, a
decreas in material elasticity, and gradual biological degradation of the film structure
KEY WORDS: BIODEGRADABLE FILMS, STARCH,
BIODEGRADATION, SOIL ENVIRONMENT, PLASTICIZER, GLYCEROL
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The increasing accumulation of polyr®ased waste and its negative
environmental impact has intensified research intoer@s capable of natural
degradation after use. In this context, stasaked polymer films are considered a
promising alternative to conventional petrolederived plastics due to their
renewable origin and biodegradability [1; 2]. Starch, being a widelgilable
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 actiamieal
strength, which makes it suitable for packaging applications [1; 4].

To assess the rewalorld applicability of such materials, it is essential to examine
their degradation behavior under conditions resembling natural disposal environments.
For ths purpose, an experimental study was conducted to evaluate the degradation o
starchbased films in soil.

The experimental setup involved placing film samples in afdledl container
designed to simulate natural biodegradation conditions. The specweeaduried 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 analyzedls¢éove
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 evidem. 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.Starchbased film samples before and after soil exposure

Such behavior idikely associated with the gradual leaching of plasticizing
agents, which are essential for maintaining flexibility in stdvaked polymer
matrices. Plasticizers such as glycerol are known to migrate under humid conditions,
resulting in increased stiffnesand reduced mechanical performance [2; 6]. The sharp
decline in elasticity after drying corresponds well with previously reported data on
starchbased biopolymer systems exposed to moigtigreenvironments [2; 4].

Alongside mechanical degradation, artsurface erosion and localized
structural damage were detected after 30 days of soil exposure. These observation
suggest the initiation of microbial degradation processes, where soil microorganisms
utilize starch as an energy and carbon source [4T15% 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 tuependent degradation curve was
constructed (fgure 2). The obtained results demonstrate a consistent trend of
progressive deterioration, confirming the susceptibility of staeded films to

biodegradation in soil environments.
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Figure 2 Kinetics of biodegradation of starddased films during sbexposure

The conducted study demonstrates that stheded films undergo significant
physical and structural changes during soil exposure within-dag@Operiod. The
reduction in elasticity is primarily attributed to plasticizer migration and restragtur
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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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 Institutd Engineering Thermophysics of NAS of Ukraine.
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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 Universty of Ukraine
Al gor Si korsky Kyiv Polytechn
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 elemenitsthe design of the drum dryer.
Keywords: COKE, MODERNISATION, DRUM DRYER, TOOTHED
ELEMENTS, HEAT EXCHANGE, MOISTURE
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The raw material is heated in two streams through heat exchangers and furnace:
to 520 °C and fed into a rectificatiomlamn 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 tbpghe 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 mailuran 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 stgamration 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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Boaoecuii pay
; 2asu
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/
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17 furnace; 2 feed chute; 3 drum; 4i rollers; 51 discharge chamber;

Figure 1i Drum dryer scheme [2]

Wet material erdrs 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 thaunit. 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, ad 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 continlwus 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 dushatexit 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 wilie proposed solution for drum
dryer modernisation:

- Uneven drying of materiad 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 lumpsand sticking of wet feedstocgk 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 intensidy the toothed structure greatly increases the total
contact area beeen 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 2i 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 haveniform cutouts 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, butalso to disperse it, creating the densest and most uniform curtain inside the
unit.

Specific advantages of my modernisation:

- Intensification of heat and mass transderdue to better fragmentation of the
material flow by the teeth, the contact area leemvthe 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 moisturé® the cascding effect ensures equal heating of
both small and large coke fractions throughout the volume;

- Improvement of the final product qualify stable moisture indicators of the
feedstock after drying contribute to optimal progression of the subsequent coking
process in the chambers;

- Reduction of processing tim@& 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 A S A BASIS FOR

IMPROVING ENERGY EFFICIENCY AND REDUCING ENVIRONMENTAL
IMPACT
assistanByshko[ ykyta.

National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: This paper considers the application of the exergy appraach f
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 irreversibilides an
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,
IRREVERSIBILUTY, HEAT TRANSFER, FOULING, ENVIRONMENTAL
IMPACT
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Modern industrial energy systems are charactetigesignificant 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 actbaitya 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 deviatioomf environmental
equilibrium [1,2]. This makes exergy a powerful tool for identifying true inefficiencies
in complex thermal systems, particularly in enemgfgnsive industrial processes.

Heat exchangers are among the most important components of tgsteaths,
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 weltlesigned equipment, thermodynamic losses arise due to finite
temperature gradients and rioieal flow conditions. Therefore, exerpased methods
are widely used for performance assessment, diagnosis, and optimization of such
equipment,allowing engineers to quantify not only energy losses but Histr
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 equilibriath 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 subscripd denotes the reference
environmental state [1].

This formulation highlights that exergy is not conserved kkeergy 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 envieoti\s the temperature of the
heat source approaches ambient conditions, the ability of heat to produce useful work
decreases rapi dl vy, eventually tending
fundamental for evaluating lograde heat utilization and st heat recovery systems.

Exergy Balance of a Heat Exchanger

For steadystate operation, the exergy balance of a control volume such as a heat
exchanger can be expressed as:

Ein = Eout = Edest
whereE,, .. represents exergy destruction due to irreversibilities [1].
This term is always positive and quantifies the thermodynamic penalty

associated with neideal processes.
Exergy efficiency is defined as:

Euserut

I lusefu
Einpu.t

Unlike energy efficiency, exergy efficiency reflects how effectively the input

exergy is converted into useful put, 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 land co
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 tfansvith 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 degradatiol
of energy quality. In many practical desigmisis 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 plfesifuel
or electricity. Higher exergy losses require additional energy input to maintain the
same thermal performance, which consequently increases operational costs and fue
consumption.

From an environmental perspective, this directly translatesiimioc r e a s e d
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]. Inrmode
engineering practice, exergy analysis is increasingly integrated intecytfe
assessment and environmental impact evaluation frameworks.

Methods for Improving Efficiency

Improvement of exergy performance in heat exchangers can be achieved

through muliple complementary strategies:
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- implementation of countesurrent flow arrangements to minimize
temperature differences along the heat transfer path;

- optimization of flow velocity and turbulence regimes to balance heat
transfer enhancement and pressussds;

- application of advanced heat transfer intensification techniques such as
finned surfaces, twisted tapes, or mistouctured channels;

- reduction of hydraulic losses through improved channel geometry and
smoother flow paths;

- mitigation of fouling hrough material selection, surface treatment, and
operational control strategies [3,4].

In practice, the optimal design always involves a taffldoetween enhanced
heat transfer and increased pressure drop, which must be evaluated usinghagedyy
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 method:
By explicitly accounting for irreversibilities, it enad identification and
guantification of the main sources of thermodynamic losses and supports the
development of more efficient thermal systems.

The application of exerglased optimization contributes to reduced energy
consumption, improved system perf@ance, 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 rgiyetechnologies.
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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.
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