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YK 664.8.047
HU3BKOTEMIIEPATYPHE 3HEBO/IHEHHS BIJIUX KOPEHEIIVIOAIB
K. T. H. ['ycaposa O. B.

IncTutyT TexHivHoi Temopizukn HAH Ykpainu

AHOTAIIA. Po3pobneno pesicumu HU3bKOMEMNEPAMYPHO2O CYWIHHA OLnux
KOPEeHeNn100i8 3 Memot0 00EepPHCAHHA YUNCIB, 8 AKUX 30epedceHO KOPUCHI CKIa008i
BUXIOHOI CUPOBUHU, WO MAIOMb MPUBAIULI MEPMIH 30epieanHs NpU CKOPOYEHHI Yacy
BUPOOHUYMBA MA 3HUNCEHHI C00IBApMOCmi KiHYe8o20 NPOOYKMY 3d PAXYHOK
BUKTIIOYUEHHS MEePMOBON02ICHOI 0OPOOKLU.

KJIIO4Y0BI CJIOBA: UUIICH, BIII KOPEHEIUIO/MH,
HU3BKOTEMIIEPATYPHE CYHIIHHA, EHEPTOE®EKTUBHICTD.

LOW-TEMPERATURE DEHYDRATION OF WHITE ROOTS
Ph. D. Husarova O.

Institute of Engineering Thermophysics of the NAS of Ukraine

ABSTRACT. Modes of low-temperature drying of white root crops have been
developed. The chips have saved useful components of raw materials, long shelf life.
Dehydration regimes reduce production time and reduce the cost of the final product
by eliminating heat and moisture treatment.

KEYWORDS: CHIPS, WHITE ROOTS, LOW-TEMPERATURE DRYING,
ENERGY EFFICIENCY.

IIpu 3HEBOMHEHHI O1TMX KOPEHEIUIOIB, SIKI BITHOCATHCSA IO MPSHUX POCIHH,
Npea'sBISIIOTh  OCOOJIMBO JKOPCTKI BUMOTH. lle moB’s3aHO 3 X BHCOKOIO
TEPMOJIaOIBHICTIO, SIKA 3YMOBJIEHA HAsABHICTIO B iXHBOMY CKJaal €pipHUX OJiH.
BukopucranHs miBHUIIEHHS TeMIEpaTypu CYIIMIBHOTO areHTa K PYIIiiHOI CUu
MPOIIECY JIIMITOBAHO O10JIOTITYHUMHU BIACTUBOCTAMM 00'€KTa JOCIIIKEHb.

MeTta po60TH — pPO3pOOUTH HU3BKOTEMIIEPATYPHI PEKUMU 3HEBOJTHEHHSI O1THX
KOPEHETUIOAIB JIJIsl OJIep>KaHHS HATypaJIbHUX YUIICIB.
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O0’ckTH TAa MeTOaAHM JOCJHIKeHHHA. B  gKocTi 00'€KTIB  HOCHIIKEHHS
BUKOPUCTAHO Ol KOPEHEIUIOAU CeJlepH, NEeTPYIIKH, MnactepHaky. OuuileHy
CUPOBUHY Hapizaid KpyKaiublsiMu 3aBTOBIIKK 0,6...1,5 MM Ta 3HEBOJHIOBAIM Ha
KOHBEKTMBHOMY CYLIMJIBHOMY CTEHJ1 0 3aJIMIIKOBOI BOJIOrocTi He Ouible 8 %.

PesyabraTtu. Jlng inteHcudikaiii 3HEBOJHEHHS POCIMHHOT CHUPOBHHH IpU
OJlep>KaHH1 YMUIICIB 3a3BUYail IPOBOJATH TEPMOBOJIOTICHY 00poOKy. 11100 yHuKHYTH
BTpatT epipHUX OJIii, 110 MICTAThCA Y OLTUX KOpEeHeIroAax, 00poOKy HE MPOBOMASThH
[1]. Intencudikamiss nOpolecy CYUIIHHS JOCATA€TbCsl 3a PaxXyHOK 30UIbIICHHS
MOBEPXHI BUINAPOBYBAaHHS 1 OOIPYHTOBAHUX HU3ZBKOTEMIIEPATYPHUX TEILIOBUX
pexuMiB. Ha OCHOBI pe3ynbTaTiB TEOPETUUHHUX Ta €KCIIEPUMEHTAIBHUX JTOCIIKEHb
OyJI0O BCTAaHOBJIEHO KIHETHYHI 3aKOHOMIPHOCTI MPOLECY KOHBEKTUBHOTO CYIIIHHS
cupoBuHU. OOIPpYHTOBAHO Ta PO3pOOJIEHO €eHeproedeKTUBHI HU3BKOTEMIEpaTypHIi
pPEXKUMH 3HEBOJHEHHS, BIAMOBIIHO JO SKUX TeMIepaTypa CYUIWIBHOTO areHTa
MIATPUMY€EThCS Ha piBHI 45...65 °C 3anexHo BiJ BUAY cUpOBUHU. OJepKaHl YUIICHU 3
OLTMX KOPEHETUIO/IB MaIl BUCOKI OPraHOJIENTUYHI MOKAa3HUKH [2].

BucHoBku. 3aBOsSKM BHUKOPUCTAHHIO HU3BKOTEMIEPATYPHUX  PEKUMIB
3HEBOJIHEHHs 3a0€3MeuyeThCs MaKCHUMallbHE 30€peKEeHHS YChOrO  CHEKTPY
010JIOT1YHO aKTUBHUX PEUYOBHUH 1 KUTTEBOBAXKIIUBUX 1HTPEJIEHTIB CUPOBUHU, Y TOMY
qyucil epipHOi 0dii Ta apOMAaTUYHUX CHOJYK. YHIICH MOXYTh BUKOPUCTOBYBATHUCS Y
CUCTEMI 03[I0POBYOT0 JIETUYHOI'O XapuyBaHHs, 30KpEMa iX MOKHA 3aCTOCOBYBATH SIK
CKJIaJIOBUM KOMITOHEHT IMPU MPUTOTYBaHHI PI3HOMAaHITHUX CTPaB.

Iepenik nocuaans.:

1. Hlamap P.O., I'ycaposa O.B. HuspkokamnopiitHi cHekH 13 (GPYKTiB Ta OBOYIB.
SCIENTIA, 2021. Vol. 2. p. 84-86. DOI 10.36074/scientia-29.01.2021.v2.

2. Cnoci®6 BupoOHMIITBA 4YHIICIB 3 OuIMx KopeHemnofiB: mar. Ne 73159
Vkpaina: MITK® A23B 7/02, F26B 3/06. Ne U201203586; 3asB. 26.03.2012; omy6.
10.09.2012. bron. Ne 17.
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MOJIEPHI3AILIISA YCTAHOBKH BUPOBHUIITBA ETAHO.JTY 3 PO3POBKOIO HACAJIKOBOI
KOJIOHA

Crynent I'.1. Ilipenko, k.T.H., gou. A. P. Crenanrok

HanionanbHuii TexHiYHMi yHiBepcHTeT YKpaiHu

«KniBcbkuii noJsritexnivynmii incTuryT imeni Iropst Cikopcbkoro»

AnoTtanis. OnrcaHo NpuU3HaYeHHs HACaAKOBOI peKTU(IKaLiiHOT KOJOHH U1l BAPOOHHIITBA €TAHOIY Ta
HaBeJIeHO 11 HeAOMIKH, IPEICTABICHO METOIH iX YCYHEHHS, ChOPMYIIbOBaHO MEepPEeBard MOJEPHiI30BaHOT
KOJIOHH Ta ii KOPUCTH JIJ1s1 BAPOOHUIITBA €TAHOY.

KurouoBi ciioBa: HacagkoBa pekTudikaliifHa KoJoHa, €TaHoJ, peKTU(iKalis, MoJIepHi3aLis, KOpUCHa
MOJIEIb, HACA KA.

Mertoro 1aHoi poOOTH MOJIEpHi3allisl HACAIKOBOI PeKTU(IKALIIHOT KOJIOHHM AJIsl BAPOOHUIITBA €TAHOIY.
Etanoun - opraniyHa croiyka, IpeICTaBHUK PsAy OJHOATOMHUX ciiupTiB ckiaxy C,HsOH. 3a 3Buuaitnux
YMOB € 0e30apBHOI0, JIETKO3aMHUCTOI0 PiAnHO0. ETaHON € aKTUBHOIO CKJIAZOBOIO CHUPTHUX HAIMOIB, AKi
3a3BHYail BUTOTOBIAIOTHCS (pepMeHTali€el0 BYTreBOiB. il MPOMHUCIOBUX MOTPEO ETUIIOBHIA CIIUPT YacTO
CHHTE3YyI0Th 3 Ha()TOBOI Ta Ta30BOi CHPOBUHH KAaTAIITUYHOIO TipaTali€eio eTrieny. OKpiM BUTOTOBIICHHS
XapUOBHX MPOAYKTIB €TaHOJ 3aCTOCOBYETHCS Y BEJUKil KITBKOCTI SIK MajbHE, PO3YMHHUK, aHTHUCENITHK Ta
CHPOBHHA [l OTPUMAaHHA iHIINX MPOMHUCIOBO BOXJIMBHUX peuoBHH. ETaHON — yHIBEpCcabHUI PO3YMHHUK 1
BUXI1JTHHI MaTepiaj, 10 BUKOPUCTOBYETHCS ISl OJCP)KaHHsI KUTbKOX OpraHidYHUX CrojdyK. ETaHoun € 3merka
MOJISIPHOIO CIOIYKOI0, TOMY €TaHOJI ITOBHICTIO PO3UMHHUHN Y BOJ, 8 TAKOXK 1HIIUX MOJAPHUX POZYMHHUKAX.
ByrieBoaHeBuii KicTsIK €TaHOIY, HABIAKH, JO3BOJISIE HOMY PO3UMHSITUCS B HETIOJSIPHUX OPraHiqHUX
crnionykax. [Ipukiaan BKIIOUAIOTh BYTJIEBO/IHI, TaKi sSIK OSH3MH Ta ITu3esbHe nanuso [1].

CywMilri eTaHoITy JETKO3aiMHCTI, @ CaM €TaHOJI TOPUTh CHHIOBATUM IOJYM’sIM 3 KinTsiBoto. OTXe, eTaHo €
XOPOILIUM MANTKMBOM JISl IBUTYHA 3 ICKPOBUM 3aIlIIOBaHHM (,,0CH3MHOBHUM ABUTYH ) 1 BUPOOIAETHCA SIK
OiomanuBo, cepel] iHIIOTO, 3 IYKPOBOI TPOCTHHH, 3aJIMLIKIB TKi, KYKypyI3U Ta iHIIOI €EKOHOMIYHO BUT1AHOT
BYTJIEBO/IBMICHOI CHPOBUHH [1].

TexHonoOriYHa cXeMa Mpolecy BUpOOHUITBA €TaHONY HaBeAeHa Ha pucyHKy 1[1].

VY pekrudikariiii KOJOHi, IO BXOUTH JI0 TEXHOJIOTIYHOI CXEMH, € TIEBHI HEOMIKH. A caMe —
HEpiBHOMIpHE 3pOLICHHs HACaKH B anapaTi yepe3 BUIUTOBXYBaHHS PiJUHU 3 CEPEIUHH 10 CTIHOK KOJIOHH,
IO CIIpHsE 3MEHIICHHIO €(peKTUBHOCTI po3noniny (a3 Ta BeIUKHiA TigpaBiiuyHuii omip [1].

Takux HeOMiKIB M030aBiIeHa KOPHUCHA MOAETb HACaJKOBO1 peKTH(IKaliiHOI KOJIOHH, YMOBHUIH
PO3pi3 sKoi HaBeIeHUH Ha PUCYHOK 2 [2].

[IpencraBnena pexTudikaiiHa KOJIOHA BiAPI3HAETHCS TUM, IO €JIEMEHTH HACAKH MEHILIOTO
PO3MIpy pO3TalIOBaHi TOPU30HTAIBHUMH LIapaMH, a O1TbIIoro — Mixk HUMH. Came 3aBISIKM LIbOMY piinHa
PO3MOALISETHCS ONMKYE [0 LIEHTPY anapary, 0 KOMIEHCY€E Cenapamilo piliHU 10 CTIHOK KOJIOHH Ta
MPOTHIIE€ YTBOPEHHIO B IICHTPI anapara «CyXoro KoHycy». Taka KOHCTPYKLisl pO3MIILICHHS IIapiB €IeMEHTIB
HACUIHOI Hacaku cipusie 30ubiienHo KKJ[ kooHu Ta 3MEHIICHHIO T1IpaBIiyHOro omopy [2].
3amMiHa MepBUHHOI peKTU(IKaIifHOT KOJIOHM Ha MOJEPHI30BaHy € OiNbLI HiXK JOLUIBHOIO AJIS TTOJIIMIICHHS
SKOCT1 BUPOOHHUIITBA €TaHOIY, a/DKE 1€ Aa€ 3MOT'Y 301IbIIUTH €PEKTUBHICTh BUPOOHHUIITBA.
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1 — mpoMi>kHa €MHICTB; 2 — BiALIEHTPOBUH HACOC; 3 — TEIUIOOOMIHHUK; 4 — peKkTudiKkaliiiHa KoJoHa; 5 —
BUNIApHUIA KyO; 6 — neaermarop; 7 — TEINIOOOMIHHUK; 8 — MPOMiXKHA €MHICTB; 9 — Hacoc; 10 —
TEIIOOOMIHHHUK; 11 — €MHICTB.

Pucynok 1 — TexHomnoriuHa cxema mpouecy po3AiIeHHs] METaHOII - ETaHOITY.

Puc. 2. YMoBHU# po3pi3 KOJOHU.
1 — TEXHOJIOTIYHI IITYIepH; 2 — EJIEMEHTHU HACAJKW; 3 — HACUITHA HACAJIKa MEHIIIOTO po3Mipy; 4 — HacUITHA
HacaJ/ika OiIBIIOT0 PO3MIpYy.

IepeJik nocuianb
1. Ilipenko I'.l., Ctenantok A. P. MoaepHizailisi yCTaHOBU BUPOOHMIITBA

€TaHOJIy 3a PO3pOOKOI0 HacaakoBoi pekTudikaiiiiHoi kononu. Hayk.
koHp, 2021.
2. 3asBka 06901 Ykpaina. Pextudikamiitna konona / H. B. 3abonotha, I'. 1.

[Tipenxo, B. O. YopHa, A. P. Ctenaniok ; 3assi. 02.12.2021
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MODERNISATION OF THE DIMETHYLKETONE PRODUCTION UNIT
WITH THE DEVELOPMENT OF A NOZZLE COLUMN
student V.O. Chorna, Ph.D., assistant professor A.R. Stepaniuk
National Technical University of Ukraine

"Kyiv Polytechnic Institute named after Igor Sikorsky"

Abstract. The paper describes the purpose of the sleeve rectification column
for the production of dimethylketone and describes its shortcomings, presents
methods for their elimination, and formulates the advantages of the upgraded column

and its usefulness for the production of dimethylketone.

MOIEPHI3AIISA YCTAHOBKHU BUPOBHULTBA ITUMETHUJIKETOHY 3
PO3POBKOIO HACAJIKOBOI KOJIOHH
cryaentka B. O. HopHa, k.T.H., nou. A. P. Crenaniok
HaunionajbHuil TeXHIYHUN YHiBepcUTEeT YKpPaiHU

«KuiBcbKui noJriTexHiyHui iHcTutyT iMeHi Iropst Cikopcbkoro»

AHoTanisg. OnucaHo NMpU3HAYEHHS HACAJKOBOI PEKTH(IKAIINHOI KOJOHU s
BUPOOHUIITBA AUMETUIIKETOHY Ta HABEJEHO ii HEJOJIKHU, MPEACTABICHO METOIU iX
yCyHEHHS, c(pOpMyIHLOBAaHO TEpeBaru MOJEPHI30BAaHOI KOJOHHM Ta il KOPUCTH s
BUPOOHUIITBA TUMETUIIKETOHY .

KuarouoBi cjoBa: HacankoBa pekTU(dIKaliiHa KOJIOHA, JTUMETHJIKETOH,

pexTudikarlis, MoAepHI3allisl, KOPHCHA MOJEb, HacaaKa.

The purpose of this work is to modernise a distillation column for the

production of dimethylketone.
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Dimethylketone (acetone, propanone) is a barren, flammable liquid with a
characteristic odour. Boiling point 56.2 °C. It is readily soluble in water, alcohol and
ether. It is most widely used as an organic solvent and is good for dissolving fats,
resins and many other organic substances.

Dimethylketone, like all ketones, does not give a "crystal mirror" reaction, it
does not polymerise. This is what makes it different from the aldehydes.

Dimethylketone is used as a formulation in many industrial sectors (production
of stitching, smokeless powder, film, varnish, lacquers, liquors, etc.). It is also an
output ingredient for the synthesis of various organic compounds.

Dimethylketone is produced in a plant, the process flow diagram is shown in

Fig. 1 [1].

Figure 1. Technological scheme for the production of dimethyl ketone.
El - collector; AT1, AT4, ATS - heat exchangers; AT3 - steam generator;
AT?2 - dephlegmator; CR - rectifical column.

The rectification columns included in the technological scheme have some
shortcomings. Namely - nervous irrigation of the nozzle in the apparatus through
blowing of liquid from the middle to the walls of the column, which reduces the

efficiency of phase separation and high hydraulics.
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A good model of the headbox rectification column is free of such drawbacks.

The model is shown in Fig. 2 (patent application No. u 2021 06901).

Figure 2. The basic breakdown of the colony.
1 - process fittings; 2 - nozzle elements; 3 - smaller size of the nozzle; 4 - larger size

of the nozzle.

The core works in this way: The liquid flows on the surface of the pressure
packing under the action of gravitation forces, the gas is lifted in the flow to the
liquid and the mass exchange process takes place due to the pressure packing of
different diameters, whereby the pressure packing of smaller size is located3 in the
form of a cone, In this case, the smaller one is positioned as a cone, while the larger
one is positioned towards the bottom and the larger one is between4 them, the vapour
phase is directed to the peripheral area of the tower and the rare phase towards the

centre of the tower, thus preventing the formation of a "dry cone".

10
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This rectification column is distinguished by the fact that the smaller packing
elements are arranged in a cone shape, which extends to the bottom, and the larger
ones are placed between them. This allows the fluid to be divided closer to the centre
of the unit, which complies with the traditional separation of the fluid to the walls of
the column and prevents the formation of a "dry cone" in the centre of the unit. This
design of the placement of the balls of the elements of the pressure head increases the
efficiency of the block and reduces the pressure support [2].

The replacement of the primary distillation column with an upgraded one is
more than worthwhile for improving the quality of dimethyl ketone production, as it
makes it possible to increase the efficiency of the production.

List of requests

1. Chorna V. O., Stepanyuk A.R. Modernization of unit for separation of

methanol-benzene mixture. Scientific Conf. 2021.

2. Application Ukraine06901. Rectification column / N. V. Zabolotna, G. 1.
Pyrenko, V. O. Chorna, A. R. Stepaniuk ; application. 02.12..2021.
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BIIJIUB TEMIIEPATYPHU TEIIVIOHOCIS HA ITPOPOLITYBAHHSA
HACIHHA KYKYPY/3U

n.1.4H. [lerpoBa XK.O., k.1.H. Camoitnenko K.M., acniipant JI.I1. I'pakos

IncTuTyT TexHiuHol Tenogizukun HanionaabHOI akagemii HayK YKpaiHu

AHomauin. YV pobomi HaseOeHO eKCNepUMEHMANbHI OOCHIONCEHHS 3
BUSHAYEHHSL CXOHCOCMI HACIHHEBO20 3epHA KYKYpYO3U ma Ha iX OCHO8I nidibpauo
ONMUMATLHUU PEHCUM CYUTHHSL.

Knrwouoei cnoea: cywinns, npopouyy8ants, HACIHHEBE 3epHO, KYKYPYO3d.

INFLUENCE OF HEAT CARRIER TEMPERATURE ON CORN SEED
GERMINATION
Doctor of Engineering Petrova Zh.,
Ph.D. Samoilenko K., graduate student Grakov D.
Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The paper presents experimental researches to determine the corn
seed germination and on their basis suggested the optimal drying mode.

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

[Ticnsa 300py yposKaw 3€pHO KYKYpyI3W MOTpeOye 3HIKEHHS BOJIOTOCTI 3
METOI0 SIKICHOTO 30€epiraHHsi 10 HAaCTYIHOI MOCAJAKU. 3MEHIIUTH BMICT BOJIOTH JI0
ONTHMAJIbHOI MOKJIMBO 3a PaxyHOK KOHBEKTHBHOIO CyIIiHHA. BimoMmo, 1mo npouecu
CYILLIIHHS TOTJIMHAIOTh BEJIMKY KIJIBKICTh €HEPrOHOCIIB, TOMY 3 METOK BU3HAYEHHS
€HEProe()eKTUBHOIO PEXUMY 3HEBOJHEHHSA OyJI0 JOCHIIKEHO KIHETUKY CYLIIHHS
HAaClHHA KYKYpyJ3d Ha KOHBEKTHBHOMY CYIIMJIBHOMY CTEHIl 3 aBTOMAaTHYHHUM
300poM Ta 00poOkoro iHdopmarrii, po3poonenoro B ITT® HAH VYkpaimm [1].

PexxumH1 mapamMeTpu pu TOCHIIPKEHHI KIHETUKU CYIIIHHS: TeMIepaTypa TEMI0HOCIS
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t =150, 60, 70, 80 °C; V = 3 m/c; ¢ = 72. Pe3ynbTaTu 1OCHAIIHKEHb KIHETUKU CYIIIHHS

OyIyTh MPEACTABIECHI B HACTYTHUX MyOIIKaIIsAX.

OCHOBHOIO BHUMOIOI [I0 PEXKHUMY 3HEBOJHEHHS TIOCIBHMX KYJIBTYp €
30epeKeHHs 3JaTHOCTI 10 popocTaHHs. [1i1 cX0XkicTio (IPOPOCTAaHHSAM) PO3YyMIIOTh
3IaTHICTh HACIHHSA YTBOPIOBAaTH HOPMAJIbHO PO3BUHEHI MpopocTku. JlabopartopHa
CXOXICTh HACIHHS KYKYpPYyJI3H BH3HAYA€THCS NUIAXOM HOr0 MPOPOIILYBAHHS 32
ONTUMAJbHUX YMOB MPOTITOM KOHKpeTHoro tepMiHy (7-8 mi6) srimno 3 JACTY
4138-2002 «HaciHHA CUIBCBKOTOCIIOAAPCHKUX KyJbTYp. MeToau BU3HAYEHHS
AKOCT1» Ta B MIKHapoHoMy cranaapTti ISTA.

JocmigHl 3pa3ku HAaciHHS KyKypyA3u Oyinu BimiOpaHi y BiHHuUIBKIN o0nacri,
ceno Kynuue riopun P9074.

CxoxicTh HacIHHS KyKypya3u nposoaunu 3rigHo JICTY 4138-2002 [2, 3]. Ha
TpPEeTId JeHb JOCHIIKEeHb, BUXIJHA CUpOBUHA Tpopocia Ha 92 %, a mpu pexumi
cymiHHg 50 °C — Ha 98 %, TO0OTO Ha 6 % OuIblIE, HIX BUXIAHA cupoBHHA. [lpu
pexxumax 3HeBoaHeHHs 60, 70, 80 °C 3MmiH Ha el Tepioj HE CIOCTEPIraeThes.
[Tounnarouu 13 4eTBEPTOro JHS, SIK BUX1JJHA CHPOBHUHA, TaK 1 pexkuMu cytriHHsa 50, 60
°C marTth cxoxictb 100 %. [Ipu temmnepatrypHomy pexumi 70 °C Ha m’sITUH J€HB

npopocio 10 % naciaun, pu 80 °C — 0.

Bux. cupoBuna t=150°C; t =60 °C;
a) 0) 8)

Puc. 1. JlocniizkeHHsST CXO0KOCTI 3epHa KyKypya3u riopuay P9074

t=80 °C;
9)

Ha 7 IeHb IPOPOLLYBaHHS

®dotorpadii AOCIIKYBAHUX 3pa3KiB Ha 7 JeHb 300paxeHo Ha puc. 1. Ilpu
temneparypaoMy pexumi 50 °C (puc. 1.6) pocTku Ta KOpPIHII 3pa3KiB KyKypyA3u
MarOTh MOTYXHIIIUN Ta KUTTE3AATHIIINNA BUTJISA, HABITh HIXK Y BUXIJIHOI CUPOBUHU

(puc. 1.a), a mpu pexkxumi 60 °C — pocTKHU Ta KOPIHII € MEHIII, MPOTE TaKl Xk 3€JIeHl Ta
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xutre3nati. [Ipu pexumi 70 °C — npopocio 25 %, npote nuie | HaciHuHa Mae
3JI0pOBHUI HOPMaJIbHO PO3BUHEHUM POCTOK Ta KOPIHEIlb, a OUTBIINICTh HACIHUH MAIOTh
HeBesnKi poctku (puc. 1.2). [Ipu remnepatypi Ternonocis 80 °C xoqHa HaCiHWHA Ha
7 NeHb HEe MPOPOCa Ta CIOCTEPITAETHCA MOYATOK YPAXKEHHS THIIIICHUMU OaKTEPIsIMU
(puc. 1.0).

OTxe, B pe3ylbTaTi EKCOEPUMEHTAIbHUX JOCIHIKEHb MPOPOLTYBaHHS
BHSIBJICHO, 110 HAMOUIBIIT ONTUMAILHUM PEKUMOM 3HEBOJHEHHS HACIHHEBOTO 3€pHA

KyKypy3u € temrnepatypa 50 — 60 °C 13 moka3HukoM adoparopHoi cxoxocti 100 %.

Cnucok Jgirepatypu
1. Zh. Petrova, Yu. Sniezhkin, K. Samoilenko (2021) Blending and drying of
antioxidant raw materials. Monograph. LLC “Tvory”, Vinnitsa, 107.
2. ACTY 4138-2002 HaciHHA CUIBCBKOIOCIOAAPCHKUX KYJIbTYyp. Metoau
BU3HAYaHHS SKOCTI.
3. Ctiopko M.O. ®Daktopu (popMyBaHHS Ta METOJIM BU3HAYEHHS CXOXKOCTI
riopuaiB Kykypya3u. Jucepraiiss Ha 3700yTTS KaHIUJaTa CUILChKOTOCIOAAPChKUX

Hayk. /[ninponerpoBchbk, 2015, 181 c.
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KomnakTHi TensioBi akymyJasiTOpu H00yTOBOI0 NPU3HAYCHHS
K.T.H., 1ip. H. c. Konuk A.B., nip. inxenep Xomenko M. B.

IncrturyT Texniunoi tenodisuku HAH Ykpainu

TernnoBi akyMyJISTOPU IPOMUCIOBOTO Ta OYTOBOTO MPU3HAUECHHS OTPUMAIIH
IIUPOKE PO3MOBCIOHKEHHS B OCTAHHE JIECATUPIYYS], MAIOTh P13HOMAaHITHI
KOHCTPYKTHUBHI KOH(Irypailii Ta BAKOPUCTOBYIOTh Pi13HI TEXHOJOTIYHI CIIOCOOU
30epiranHs TemioTu abo xonony. Ilpencrapnena ctaTTs npucBsiYeHa KOMIAKTHUM
TeroBUM akymysitopam (TA) moOyToBOro npusHadeHHs, IKi BAKOPUCTOBYIOTh ISt
CUCTEM TEIIO-XO0JI0A0MOCTaUYaHHSl, JIOKAIHLHOTO TPAHCIIOPTYBaHHS MEIMKAMEHTIB,
010JIOT1YHUX TKAHUH, IPOAYKTIB XapuyBaHHs TOIIO. A caMe, IPEICTaBICHO aHaJli3
TeMIEPaTyPHUX PEKUMIB poOOTH KOMMAKTHUX TA, iX CKJ1a] Ta yac 30epiraHHs
TEIUIOTH a00 X001y .

3a BuzHaueHHsM y Wikipedia [1] akymynaTop — 11e OpUCTPiil 1110 Ma€ BUTIIA
repMETHUYHOTO KOHTEHHEpa 3alI0BHEHOTO TEII0AKYMYJISILIHHOI PEYOBHHOIO 3
BEJIMKOIO TEIIOEMHICTIO. SIK IPaBUIIO, 00’ €M aKyMyJIALIIITHOI pEYOBUHH B TAKUX
akymymsitopax, ckiaaae Big 100 go 800 mui. Haifmupiiie po3rnoBCIoKEHHS OTpUMalu
TA, e y sIKOCTI TEIUI0aKyMYJISIIHHOT peYOBUHU BUKOPUCTOBYIOTH [2]:

- TUCTHJILOBAHY BOAY, 1110 3aIIOBHIOE T€PMETUYHHI MJIACTUKOBUI KOHTEHHED,
TaKl aKyMyJIITOPH Ha3UBAIOTHCS 800HUMU. BOHU HEOpOT Ta MPOCT1 y
BUKOPHUCTAaHHI, aJieé MalOTh 0OMEKEHUN TeMIEPaTypPHUI Jliaa30H Ta 4yac
BUKOPHUCTAHHS;

- CIIeL1aJIbHI I'eJli Ha OCHOBI JOJIAaBAHHS KaMe/ll, PO3MIIIAIOTh Y IIIJIbHOMY
IJTIBKOBOMY T€PMETUYHOMY MaKeTi — 11e eenesuti TA. I'eneBi akymynsiTopu
MPaIoI0Th, K HA 30epiraHHs TeIia, TaK 1 X0JIOAy (HarpiB/0X0JI0IKE€HHS ), MAIOTh
IIMPOKUH J1ara3oH TeMieparyp. Yac yrpuMyBaHHs 3aJJaHOTO TEMIIEPATypPHOTO
pexuMy 10 12 TouH, B 3a1€KHOCTI BiJl CKJIaAy TeIi0;

- COJIbOB1 PO3YMHU, TAKOXK 3aIIOBHIOIOTHCA B INTACTUKOBOMY T€pPMETUYHOMY
KOHTEeNHEep1 — 600oconesuti TA. Takuii TUI akyMyJIATOPIB NIATPUMYE TEMIIEPATYpPy B
Mexkax Bia -20 no +10 °C, 3a paxyHok 2%-0Tr0 BOJHOTO po3unHy Na-
KapOOKCUMETUIIIICITIONO3H;

- CWJIIKOH, 110 PO3MIILIY€ETHCS B IIIIBHOMY T€pMETUYHOMY ILJIIBKOBOMY MAKETI
— cunikonoguti TA. Takuit akyMmynsaTop nigTpumye temneparypu o —20... — 18 °C
npotsiroMm 12+16 roauH, Ta y TemnepatypHomy aiamna3oni 0...2 °C yTpumMyeThes 10
7 IHIB.
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MexaHi3M miATpUMaHHS HEOOX1AHOTO TEMIIEPATYPHOTO PEXKUMY 3/IIMCHIOETHCS

3aCTOCYBaHHSAM MOTPIOHOI KUIBKOCTI OJIOKIB TETUIOBUX aKyMYJISTOPIB [3], 110

KOMIIJICKTYIOTBCA 1 PO3TAalIOBYIOTHCS Y BUBHAYCHOMY ITOPAJIKY B TCPMOCYMKaAX,

TepMOOOKCcax abo 130TEPMIYHUX KOHTEUHEpAX.

B tabnuii 1 HaBegeHo HAUMOMIMPEHIIT TPUKIIAIA KOMIAKTHUX TETUIOBUX

aKyMyJISITOpIB B YKpaiHi.

Tabmuug 1. — KoMmakTHI TENIOB1 aKyMyJIATOPH

ToproBa |O6’em | Temmep. | Temmep. Yac ina, | Ilocumanns
Mapka AP, oxoJio,°C Harpisy. poboTH TpH
- oC TA, roxg
BOJIHI TEIIOB1 aKyMYJISITOPH
Adriatic 600 -18 12 186 [4]
EZetil Ice 600 -25 55 12 459 [5]
Accu pyo
reJieBl TEMIOBI aKyMYJISITOpU
Kemninr 600 -13 85 5-16 89 [6,7]
Zorn Soft 600 -18 60 12/6 139 [8]
Ice
EZetil 600 -18 12 122 [9,10]
Thermos 840 -20 40 16 247 [11]
Mobicool 600 -18 128 [12]
Soft Box 900 -18 12 150 [13]
BOJIOCOJIEBI TEIJIOB1 aKyMYJIATOPH
Zorn 300 -18 12 56 [14]
EZetil 520 -18 0 6 239 [15]
Thermo 400 -20 40 16 56 [16]
Pinnacle 330 -20 8 24 60 [17]
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CUJIIKOHOBI1 TE€IJIOBI aKyMYJISITOpU

Time Eco 150 -20 40 16 59 [18]
Thermos
Temperature 5 7 nHIB 63 [19]

Haii01np1m1 nepcrneKTUBHUMHU TUIIAMU aKyMYJISITOPIB € IeJIeBl Ta CHIIIKOHOBI
TA, OCKUIbKY MIPU BIIHOCHO HEBEJIMKUX ra0apUTHUX pO3Mipax MarOTh 3HAYHUN
CTPOK 30epiraHHs TEIIOTH/XO0J0ly IPU IIUPOKOMY Jl1ana30H1 TeMIEpaTyp
3aCTOCYBaHHS.

[lepemnik mocuinaHb:

1. AKyMyJISTOP XO0JIOy / Enexrponunii pecypc:

https://uk.wikipedia.org/wiki/AxamynaTop Xoa01y
2. Tunu akymyJIaTopiB XOJIONY 1 mpaBuia iX BUKOpUCTaHHS / EnexkTpoHHUM
pecypc: https://130.com.ua/uk/tipy-akkumuljatorov-holoda-i-pravila-ih-ispolzovanija/

3. TexHonorii s TPaHCIOPTYBAaHHS 1 THUMYacoOBOrO0 30€piraHHS MEIUYHUX
mpemnapariB, BakIMH Ta KOMIIOHEHTIB kpoBl / Enextponnuii  pecypc:
https://redmedua.com/uk/rnews/5-tehnologii-dlya-transportirovki-i-vremennogo-
hraneniya-medicinskih-preparatov-vakcin-i-komponentov-krovi

4. Xononna Oatapes Adriatic T600 / Enexktponnuii pecypc: https://time-
eco.kiev.ua/ru/internet-magazin/category/product/32-akkumulyatori-holoda/2944-
akkumulyator-holoda-adriatic-t600.html

5. EZetil Ice Accu / Enexrponnuii pecypc: https://fonarik-
market.ru/akkumulyator-kholoda-ezetil-ice-akku-2-sht-kh-300-gr/

6. Axkymynsatop xomoxy KEMIIHIT 600 r / Enexrtponnmii pecypc:
https://rozetka.com.ua/ua/277206463/p277206463/

7. Axymynstop xonony Kemminr 400 r / Enextponnuit pecypce: https://techno-
bunker.com.ua/akumulyator-holodu-kemping-400-gr-4823082704279

8. Axkymynsatop xonony Zorn Soft Ice 600 / EnektpoHHui#l pecypc:
https://rozetka.com.ua/ua/zorn_4251702589027/p219160525/

9. Axymynstop teruia 1 xonony EZETIL SOFT ICE 100 / EnextponHuii pecypc:
https://www.nl.ua/ru/akkumulyator-holoda-soft-ice-100-g.html

10. Axymynsarop xonony Ezetil Soft Ice 600 / EnektponHuid pecypc:
https://rozetka.com.ua/ua/188813948/p188813948/

11. Axkymynstop xonoma Thermos Thermos 840/ Enexkrponnuii pecypc:
https://130.com.ua/product/thermos-thermos-840/

12.  Axkymynstop  xomnoma  Mobicool 600 /  EnextponHuir  pecypc:
https://130.com.ua/product/mobicool-600/
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13.  Akymyiarop XO0JIOY Soft box / Enextponnnii pecypc:
https://prom.ua/p325083515-akkumulyator-holoda-soft.html

14.  Axxymynstop xonona 1x300g ZORN / Enextponnuit pecypc: https://time-
eco.kiev.ua/ru/internet-magazin/category/product/32-akkumulyatori-holoda/2925-
akkumulyator-holoda-1x300g-zorn.html

15.  Axymynsarop xonony IceAkku Deep freeze -18°C 2x270 mn [eranbHinie:
https://time-eco.com.ua/ua/p894911791-akkumulyator-holoda-iceakku.html/
Enextponnuii pecypc: https://time-eco.com.ua/p894911791-akkumulyator-holoda-
iceakku.html

16. Axymynarop xononxy THERMO Cool-ice 2x200 p. / EnektponHuii pecypc:
https://www.foxtrot.com.ua/uk/shop/avto_xolodilniki thermo akkumulyator-holoda-
cool-ice-2-200.html

17. Axkymynarop XO0JIOy Pinnacle / Enexrponunii pecypc:
https://prom.ua/ua/p976280996-akkumulyator-holoda-pinnacle.html

18. Axymynarop temneparypu 150, Thermos / EnektponHuit pecypc:
https://www.medtechnika.com.ua/akkumuljator-temperatury-150-thermos.html

19. CunikoHOBI1 aKyMYJISATOPH xonony/ Enextponnnii pecypc:
https://kz.all.biz/silikonovye-akkumulyatory-holoda-g211255
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YK 66.061:621.693.3

JOCJIIKEHHSA MMPOLECIB TEINNJIOMACOOBMIHY I3
3ACTOCYBAHHSM KABITAIIMHUX MEXAHI3MIB

c.H.C., K.T.H. I'osxenko JI. I1.

IncturyT Texniunoi Temnodizukn HAH Ykpainu

Anomayia. Haeeoeno o00IpynmysanHs e@deKmusHo2o BULYYeHH YLIbOBUX
0I0102IYHO-AKMUBHUX peyo8uH npu 3acmocysanti memody /[IBE na obpobniosane
cepeoosuwe. Ilpeocmasneno kagimayiunuii peakmop nyabCayitinoco muny, 8 sKomy
3ACMOCOBYEMbCSL  KEPOBAHUUL  6NIUE  KABIMAYIUHUX MEXAHIZMI8 Ha  npoyecu
nepemiuly8anis, OUCNepey8anHs, eKCmpaxyii.

Knwuosi cnosa: excmpakyis, kagimauyis, nyivcayis, peakmop, eqhexmueHicme.

Ha cporogni sBuine KaBiTalii JOCHIJPKYETbCA B HAYKOBHX HalpsiMax
MO3UTUBHOIO  €HEProe(eKTUBHOIO BIUIMBY Ha OOpOOJIIOBaHE CepeOBUIIE.
ITT® HAH VYxkpainu Ha ocHoBI iaeosorii metoay AIBE po3po6rieHo 1 BpoBaKeHO
MOCOOOMIHHI amapaTtv, B SAKHX 30KpeMa MPOXOJATh MPOLECH MEepEeMIlyBaHHS,
JUCIIepryBaHHsI, TOMOTeH13allli Ta ekcTpakiiii. [IpoTe 3anexHo Bia BUAY, CTPYKTYpHU
W 1HIIUX BJIACTUBOCTEW CHUPOBUHHU, SKICHUX TOKA3HUKIB MPOJYKIII HEOOXiaH1
TEOPETUYHI 1 EKCIEPUMEHTAJIbHI JTOCTIXKEHHS MPOLIECiB TEIIOMACOOOMIHY, HAYKOBE
OOTpYHTYBaHHSI OTPUMAaHUX PE3YJIbTaTIB, pO3poOKa 1 BIPOBAKEHHS €()EKTUBHUX
arapariB, €KOJIOTIYHO O€3MEeYHMX TEXHOJIOTIYHMX JIHIA BHPOOHHUIITBA SKICHHX
MPOAYKTIB JIJIsl Tary3el (hapMarieBTUYHOI, XapuoOBOi, XIMIYHOI IPOMHUCIOBOCTI.

Jns  BupilmieHHA 3aBAaHb JOCIHIJKEHHS TMPOIECIB TEIIOMAacOOOMIHY B
MyJIbCALlITHOMY amapaTi 3 1HIMIIOBaHHSAM KaBITAlIMHUX MEXaHi3MIB 3pO0JIEHO
KaBITalMHUNA peakTop MyJibcaliiHOro TUMy. [IpUHIMIIOBO HOBa KOHCTPYKILIIS
anmapata 3a0e3nedye I1HTEHCH(IKAIII0 MAaCOOOMIHHMX TMPOIECIB TMOCUIEHUMHU
KaBITAlIHUMH e(DEeKTaMU MIPU MOMEPETHHO BUBHAYCHUX TEXHOJIOTIYHUX MapaMeTpax
1 pexxuMmax s myJbcaliiHoro amapara. J(uHamiuHi e(eKkTH, 10 CTBOPIOIOTHCS B

comwn Bentypi Ta poOouiii kamepi, CyKyIHUM BIUIMBOM Ha 00poOiroBaHe
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CEpEelOBUIIE JO03BOJIAIOTh BUJIyYaTH LIIbOBI O10JOT1YHO-aKTUBHI PEYOBUHU 13
CUPOBUHHU 0€3 monepeaHboro noApioHeHHs. [lpu mpomy B X011 eKCIIEpUMEHTAIBHUX
JOCHIIKeHb 3a(IKCOBAHO TEXHOJOTIUHI PEXHUMHU, MPU SKUX CHUPOBUHY MOXKHA
NOAPIOHUTH B KaBITAllIMHOMY peakToOpl abdo0 3alUIIUTH MaKCUMaJIbHO MOXJIUBO
HUTICHOK 11 CTPYKTYpy s €(EeKTHUBHINIOrO MNOJAANBIIOro Mpoiecy (iabTparri.
JlocSTHYTHI CTYIIHb BHJIYYEHHS TEPMOJIAOUIBHUX O10JIOTTYHO-aKTUBHUX PEYOBUH 3
POCIMHHOT CUPOBUHHU MpH Temriepatypax Hkunx 40 °C B kaBiTaliitHOMY peakTopi B
cepelHboMY B 1,5 pasu nepeBulllye NOKa3HUKHU B MyJIbCALIITHOMY amapari.

3a paxyHOK TMEpIOJUYHOTO 3MIHEHHS 1HTEHCHUBHOCTI TMOTOKY pIAUHU
B110yBa€THCS MEPIOUYHE 3HAKO3MIHEHHSI TUCKY B OOpOOJIIOBAaHOMY CEpPEIOBHILIL, 1110
CIIOHYKAa€ BUHHKHEHHS TMOTYXHIMIUX KaBiTallMHUX e(eKTiB Ta BiAMOBIIHO
1HTeHCH(IKYy€e KOHBEKTHUBHE MEPEHECEHHS IIIIbOBUX PEUOBHH Ha MIKPO Ta HaHOPIBHI.
Onrtumizaiisi mpoieciB MacooOMIHY B KaBITalllfHOMY peakTopi 0a3yeThcsi Ha
TEXHOJIOTIYHUX MapamMeTpax 1 pexkuMax 1HILIIOBaHHS KaBiTalliHOro kj1actepa. Tomy
BOKJIMBUM €TArlOM JOCII/I)KEHb € TMOIMEepPeHE BU3HAUYCHHS BJIACTUBOCTEN CHUPOBUHH,
MIJITOTOBKA PIAUHHUX CUCTEM JJIsl KOPETYBAHHS BUXIJHUX JIAaHUX II0JI0 1HILIFOBAHHS
MexaHni3MiB JIIBE 3 mocunennmu kaBiTauitHuMu eexramu.

MopentoBaHHsl TIAPOJAMHAMIYHUX TPOIECIB B KaBITAIIHHOMY peakTopi
JI03BOJISIE KEpyBaTH MPOIECaMH TEIJIOMAacoOOMIHYy Tpu 00poOll BHU3HAYEHOT
cupoBuHU. Po3paxoBaHO TEXHOJOTIUHI NapaMETpU IHIIIIOBAHHA KaBiTAIl[IMHOTO
KJIacTepa y BY3J1 HiJCUJIEHHS TiApoJuHamidyHuX mporueciB. dikcaiis Bi3yalbHOTO
O0aueHHs BIUIMBY IMIYJbCIB TUCKY HpH OOpoOLl CUPOBHHM 3I1MCHIOETHCSA Uepe3
OCHAIIEHY Mpo30py TpyOy Nperu3iitHuMu 0apomMeTpamu.

BcranoBineno, 1o  iHTeHcU@ikaiiss  MPOIECIB  TEIJIOMacoOOMIHY B
pPO3pO0IEHOMY KaBITALITHOMY pEaKTOP1 MyIbCALIHHOTO TUITY JIOCSATAETHCS 3a YMOBHU
BUHHMKHEHHS IPH PI3KUX 3MiHaX 00’€My HECTallOHAPHOTO T'APOAMHAMIYHOTO CTaHYy,
pyu 1[bOMY B OOpOOJIOBaHIM CHCTEMI BUHUKAIOTh BUCOKOYACTOTHI KOJIMBAHHS, SKI
BIIPI3HSAIOTHCA BIiJI KOJIMBaHb, 110 BUKIHMKaHI 3MiHOIO 00’eMy pimunu. [Ipore 1
KOJIMBaHHA HE MOTJIMHAIOTHCS CYLUIBHUM CEPEIOBUIIEM, a TUCHUITYIOTh Ha MIK(a3Hii

MOBEPXH1, 3yMOBIIIOIOUH TPUBAJIE MIABUIIEHHS TETIOMACOOOMIHY.
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YK 661
MODERNIZATION OF INSTALLATION OF AN ETHANOIC ACID
PRODUCTION WITH THE DEVELOPMENT OF A PACKED COLUMN
Student Zabolotna N. V., k.1.H., no1. A. P. CtenaHiok
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute"

Abstract. The purpose of a packed ethanoic acid rectification column is
described and its disadvantages presented, methods of remedying these are presented,
the advantages of the modernised column and its usefulness for ethanoic acid
production are formulated.

Key words: PACKED RECTIFICATION COLUMN, ETHANOIC ACID,
RECTIFICATION, MODERNISATION, UTILITY MODEL, PACKING.

MOJIEPHI3AIIISI YCTAHOBKH BUPOBHUIITBA ETAHOBOI KMCJIOTH
3 PO3POBKOIO HACAJIKOBOI KOJIOHU
cryaenTtka H. B. 3a0onotHa, k.T.H., 1ou. A. P. Ctenaniok
HaunionajbHuil TeXHIYHUN YHiBepcUTEeT YKpPAaiHU

«KuiBcbKui noJriTexHiyHui iHcTuTyT iMeHi Iropst Cikopcbkoro»

AHoTanisg. OnucaHo NMpU3HAYEHHS HACAJKOBOI PEKTH(IKAIIMHOI KOJOHU JJIs
BUPOOHMIITBA €TAHOBOI KUCJIOTH Ta HABEACHO ii HEIOJIKH, MPEACTaBICHO METOIH X
yCyHEHHs, c(pOpMyIHLOBAHO TEpeBaru MOJEPHI30BAHOI KOJOHHM Ta ii KOPUCTH s

BUPOOHUIITBA €TAHOBOI KUCJIOTH.

KmouoBi caoBa: HACAJIKOBA PEKTU®IKALIMHA KOJIOHA,
ETAHOBA KHCJIOTA, PEKTU®DIKAIIIA, MOJAEPHIZALIIA, KOPHUCHA
MO/JEJIb, HACAJIKA.
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The purpose of this work is to justify the feasibility of using the modernised

model of a rectification column for the production of ethanoic acid by pointing out
the disadvantages of the prototype and the advantages of the utility model.

Ethanoic acid belongs to the class of carboxylic acids. It is a colourless volatile
liquid with a pungent specific smell. It mixes with water in all proportions to form an
acidic solution. It is commonly known as a 3-9% aqueous solution (table vinegar) or
80% aqueous solution (vinegar essence).

Ethanoic acid 1s a widely used product in various sectors of the industry and in
everyday life. It is used in large quantities in organic synthesis in the production of
pharmaceuticals, synthetic fibres, plant protection chemicals and as a solvent. In the
food industry it is used as a preserving agent and a flavouring agent [1].

Ethanoic acid is produced in an installation whose process flow diagram is

shown in fig. 1 [2].

Figure 1. Process flow diagram for the production of ethanoic acid.
1, 6,7, 8 —rectification columns; 2 — evaporator; 3, 9 — dehumidifiers; 4 — preheater;

5 —reactor; 10 — mixer; 11 — refrigerator; 12 — boiler.
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Rectification columns included in technological scheme have certain
disadvantages. Namely uneven irrigation of packing in the apparatus due to pushing
liquid from the middle to the walls of the column, which contributes to reduction of
efficiency of phase distribution and high hydraulic resistance.

Such disadvantages are deprived by utility model of rectification column,
which conditional section is shown in Fig. 2 (patent application Ne u 2021 06901).

The rectification column shown here is distinguished by the fact that the
smaller elements of the packing are arranged in horizontal layers and the larger ones
in between. It is due to this that liquid is distributed closer to the centre of the
apparatus, which compensates liquid separation to the walls of the column and
prevents formation of a dry cone in the centre of the apparatus. Such design of
arrangement of layers of bulkhead elements contributes to increase of column

efficiency and decrease of hydraulic resistance [3].

= ﬁlh_ﬁiﬂﬁli”lll ﬁ“ﬂ_“_ltll it

Figure 2. Conditional section of the column.
1 — process fittings; 2 — elements of the packing; 3 — smaller packing; 4 — larger

packing.
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Replacing the primary rectification column with an modernised column is more
than worthwhile for improving the quality of ethanoic acid production, as it will

increase overall production efficiency.
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YK 664.8.047
JOCJIKEHHS KIHETUKHU CYIITHHSI YEPBOHOKAYAHOI
KAITYCTU HA KOHBEKTUBHIN CYIIAPIII
ITerposa XK.O., n.1.H., roa.Hayk.cmiBp., Cnoboasuiok K.C., k.1.H., C.H.C.,
Bumnescekuii B.M., acmipant, ['pakoB O.I1., acmipaHT

Incmumym mexniunoi mennogizuxu HAH Ykpainu

Anomayia. Pobota npucBsYeHa TOCHIPKEHHSIM Ta aHali3y KIHETUKH CYIIIHHS
CBI)KOi UE€pBOHOKAYaHOI KayCTH Hapi3aHOi CTPY>KKOI Ha KOHBEKTUBHIN cyImiapiiil.
BignpaiiroBaHO ONTHUMaNbHUNA TEXHOJOTIYHUN PEKUMHUN MapaMmeTp TEeMI0HOCIs
t=060°C, v=25wm/c,d=10 r/kr c.n. aas 4epBOHOKAYAHOI KaIlyCTH Hapi3aHOl
CTPY>KKOIO 3 TOBIIMHOIO mapy matepiany hy = 30 MM.

Knwuoei cuoea: KIHETHUKA, KOHBEKTHUBHE CVIIIHHAA,
YEPBOHOKAUYAHA KAIIYCTA, BOJIOT'ICTh, TEINIOTEXHOJIOT'I.

RESEARCH OF KINETICS OF DRYING OF RED CABBAGE ON
CONVECTIVE DRYER
Petrova Zh., Dr. Sci., Chief Researcher, Slobodianiuk K., PhD, Senior
Researcher
Vyshnevsky V., PhD student, Grakov O., PhD student
Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The work 1s devoted to research and analysis of drying kinetics of
fresh red cabbage cut into chips on a convective dryer. The optimal technological
mode parameter of the heat carrier has been worked out t = 60 °C, v = 2,5 m/sec, d =
10 g/kg dry air for red cabbage cut into shavings with a layer thickness of the
material

hih = 30 mm.
Keywords: KINETICS, CONVECTIVE DRYING, RED CABBAGE,

HUMIDITY, HEAT-TECHNOLOGY.
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B cyuacHOMYy CBITI TEIIOTEXHOJIOTIT 3aBXU MOTPEOYIOTh BIOCKOHAICHHS, SIK 1
oOJlaJHaHHS Ha SKOMY BOHU peani3ytoThes. Came 3 1[1€10 METOI0 B pOOOTI BUCBITICHO
JOOCHIUKEHHS! KIHETUKH CYIIHHS YEpBOHOKAYaHOI KallyCTH HAa KOHBEKTUBHIM
cymiapiii BuUrotroiieHi B Inctutyti TexHiyHoi temnodizuku HAH Vkpainu. Sk
BiJIOMO, yepBOHOKauaHa kamycta (Brassica oleracea L. var. capitata L. forma rubra)
— 1e TepMoyiabiibHa POCIMHHA CUPOBUHA, JDHKEPENI0 AHTUOKCUIAHTIB, 1 €
HaJ3BUYAalHO I[IHHUM 1 TMOMyJSpHUM OO'€KTOM [Jisi CYIIIHHS 32 KOPJIOHOM.
[lepepoOka 4YepBOHOKaYaHOI KAayCTH Ha BHUCYLIEHUI MOPOUIOK CIIPUSE JIETKOMY
30epiraHHI0 Ta MOJAJBIIOMY il TEXHOJIOTIYHOMY BHUKOpUCTaHHIO. OpHAK MpoIec
CYIIIHHSI TOTpeOy€e BUCOKUX €HEPreTUUHUX BUTPAT, IO € HENPUIUHATHUM 1 TOTpelye
IUISIX1B BUPIMICHHS 11€1 MPOOIeMHU.

Bynb-ska cupoBHHA POCIMHHOTO TMOXOJ/KEHHS MEpes MepepoOKor0 motpedye
MonepeHL01 MIArOTOBKU. YepBOHOKauyaHa KamycTa IICIsS MUTTA Hapi3zajnacs Ha
CHELIAIbHOMY Hapi3allbHOMY KOMOaliHi 3 BIAMOBIJHOIO HACaJAKOI Ha CTPYXKKY.
[licns wporo i3 3arajJbHOI Macu CTPYXKKM OyJio BiIIOpaHO MOBUIbHUN HACHITHUI
3pa30K CTpYKku Baroto 10 r myig BU3HAUEHHS MOYAaTKOBOI BOJIOTM 3a BIJOMHUM
CTaHAApTHUM MeToAoM «Meton BucylryBaHHs 10 noctiitHoi macu 3a I'OCT 28561-
90», ommcanmm panime B podorti [1]. BcraHoBmeHo, 1m0 MmoyaTkoBa BOJOTICTH
CTPYKH YEPBOHOKAYaHOI KallyTH BijnoBijana 3HadyeHHo Wrn = 90 %.

OcHOBHa Maca JIOCHIKYBAaHOTO MaTepiaiy, MIiCis MONepeaHbOl MiATOTOBKH,
posknananacs Ha magoHu (puc.l) mapom hy = 30 Mm. KoHTponabHUU MiAgA0H
3BaXKyBaBCsl Ha Barax (puc.2) 1 po3TalllOBYBaBCS pa3oM 3 1HIIMMHU MIJJ0OHAMU Ha
Bi3kax. [licns 3aBaHTakKE€HHS CUPOBUHU 3/1MCHIOBAIOCS KOHBEKTUBHE CYUIIHHS MPU
ONTHUMAIbHOMY TEXHOJIOTIYHOMY PEKUMHOMY napameTpi TEIIOHOCIS
t =60 °C, v=25wm/c, d= 10 r/kr c.n. Uepe3 koxHi 30 XBUIUH BIA0YyBajaocs
3BaXXyBaHHS KOHTPOJIBHOTO MIiJJ0Ha, (PIKCYBaBCS BOJIOTOBMICT TEIUIOHOCIS B

CYLIMJIBHINA Kamepi.
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Puc.1. — CBixxa BumuTa Puc.2. — 3BaxxyBaHHs

YepBOHOKaYaHa KalycTa Hapi3aHa KOHTPOJILHOTO MIJJIOHY 3

CTPYXKOK0. hyy = 30 MM YEPBOHOKAYAHOIO KAIyCTOI HApi13aHOIO
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CTPY>KKOIO Ha Barax rnepeji CyIlIiHHsM.
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Yac, x8

Pucynok 3 — KineTuka cyiiiHHs CB1KOi YepBOHOKaYaHO1 KalyCTH Hapi3aHoi
CTPY’KKOIO Ha KOHBEKTUBHIH cymiapiii. Pexxumui napamerpu temionocis: t = 60 °C,
v=2wm/c,d =10 r/kr c.im., huw = 30 mm. W, =90 %, Wk = 6,5 %.
SAx BUIHO 3 pUCYHKY 3, KpuUBa KIHETUKH IMIPOLIECY CYIIIHHS CBIXKOIi

YEepPBOHOKAYAHOI KalyCTH Hapi3aHOI CTPYKKOIO Ha KOHBEKTHUBHIN CylIapli Mae

BUTJISAJT  XapaKTEepHUW I KOJOINHMX  KamUISIPHO-MIOPUCTUX  MaTepiaiB.

ExcriepuMeHTanbHUM TIUIIXOM  MATBEPHKEHO ONTHUMAIBHICTh TEXHOJIOTTYHOTO
pexuMHOro mapamerpy teruionocis t = 60 °C, v = 2,5 M/c, d = 10 r/kr c.m. s
YepBOHOKAYAHO! KayCTH. 3arajibHa TPHUBANICTh MPOIECY 3HEBOJHCHHS CTAaHOBHUIIA
360 xBWJIMH, 3aJIUIIIKOBA BOJIOTICTh MaTepiany ¢ikcyBanacs Ha piBHI Wi = 6,5 %.
30epexeHo Koaip, 3amax 1 CMaK I0YaTKOBOTO CTaHy Mareplaly 3a paxyHOK
BUKOPHUCTAHHS BUIIE3a3HAYEHOT'O PEKUMY TEIJIOHOCIS TIPU CYIIiHHI.

IlepeJik mocuJIanb:

1. Cnoboasuok K.C., I'pakoB O.I1. BuszHaueHHS MacoBOi 4YaCTKH BOJOTH
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YK 66
MHNPUHLIUII POBOTU HIECTUPIHYACTOI'O HACOCA
cryaentka Hedrvonosa K. B., k.1.H., gouient Crenaniok A. P.
HaunionaJbHuil TeXHIYHUI YHiBepcUTEeT YKPaiHU

«KuiBcbKui noJtiTexHiynui iHcturyT iMeHi Iropst Cikocbkoro»

AHOTOLISA. IlpoBeneHo aHami3 KOHCTPYKINI IIECTEPHOrO Hacoca,

MMPU3HAYCHOI'O IJI IIEPCKaYyBaHHA MAaCTHUJIA.

KJIOYOBI CJIOBA: HIECTEPIHUACTUN HACOC, IIPUHIIMII

JII
Hacoc — nie npuctpiii, skuit 103BOJIsIE TIepelaBaTH MEXAHIUHY €HEPrilo PiAUHU
Ta BUSBISEThCS y 30UIblIeHH] eHeprii Tucky. lllectepHuit Hacoc € OCHOBHUM
BHOOPOM PO3POOHUKIB MAJIMBHUX CUCTEM uepe3 TPUBAIUN TEPMIH CIYKOH, HU3bKI
BUTpPAaTU HA TEXHIYHE OOCIYroBYBaHHS 1 BHCOKY MNpPOIYKTHUBHICTH [l]. 3BH4aiiHI

BI/ILICHTPOB1 HACOCH MOBUHHI OyTH 3allOBHEHI HacamImepe] B YMOBaxX €KCIUTyararlii,

34 BUHATKOM BI/IHaI[KiB, KOJIM BCMOKTYBAaHHA Ma€ MO3UTHUBHUU THUCK.

HlectepinyacTtuii Hacoc € camoBcMOKTyrouuM. lllectepinuacTi Hacocu
BIIHOCSTBCA JO TPYyNH OO0 €MHUX HACOCIB, SIKI XapaKTEPHU3YIOThCA (HIKCOBAHUM
00’eMOM ToAa4i Ha OAMHUIKO 000poTy Hacoca. Illectepinuactuii Hacoc wmae
MPOCTUN MEXaHI3M, 110 CKIAJA€ThCS 3 IBOX NPsIMO3yOHUX ab0 KOCO3yOUX IECTEPEHbD,

10 3a4IILTIOI0THCS, MPOBIAHOT 1 mpoMixkHOi (PucyHox 1).

IcHye nBa OCHOBHHX KJacH IIECTEPHUX HACOCIB: 30BHIMIHIA THI 1
BHYTPIIIHIA TUM. Y NEPIIOMY BUKOPUCTOBYIOTHCS JBI 30BHIIIHI MPAMO3y0i MIECTIPHI,
a B IpyroMy - OJlHa 30BHIIIHS NPsiMO3y0a MIeCTepHs 1 0JHa BHYTPILIHA OpsiMO3y0a

IIECTIPHS.
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[IlectepHi Ha CTOPOHI BCMOKTYBaHHSI CTBOPIOIOTH PO3PIIKEHHS, AK€ 3MYIIYE
pIAMHY TEKTH Ta 3allOBHIOBATH CTOPOHY BCMOKTYBaHHA. PiiMHa nepeHocuThes Ha 01K
HarHiTaHHS MDK 3y0aMH IIeCTEpeHb, II0 OO0EpPTaIOThCS, 1 HEPYXOMHUM KOPITyCOM.
3aderuieHHsl IIECTEPEHb CTBOPIOE 30UIBIICHHS TUCKY Ta BUTICHSE PIIUHY 4Yepe3
HarHiTaJbHY JiHII0. B NpUHINII, KOXKEH 13 BUXO/IB MOXE CTaTU BUITYCKHUM 3aJIEKHO
Bi HampsiMKy oOeptanHs. [I[inpHi OiuHI Ta BepxHI 3a30pU MDK IIECTEPHSIMHU Ta
KOPITyCOM 3amno0iratoTb BUTOKY piiMHU Ha3aj]. KiIbKIiCTh piiMHU, 110 MEPEeKaAYy€eThCs
3a OJIMH 00EePT 3aJeXKUTh BiJ KUIBKOCTI PIAMHU, KA MOXXE MOTPAMUTH B MIXK3yOHUMN
npocTip mectepHi. TakuM 4YMHOM, BUTpATH Ha OJAMHUIIO OOOPOTY 3aJICKUTHh BIJ

PO3Mipy HIECTIPHI Ta KUTBKOCTI 3y0iB [2].
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Pucynoxk 1 — CxeMa mecTepiH4acToro Hacocy

[lepeBaru mecTepiH4acTOro Hacocy:

— [IpocToTa Oy0Ba, B pe3ysibTaTi 4Oro HE AOPOT1.

— KomnakTHICTb.

— Bucoxka HaniitHiCTb.

— Hemae HeoOXiIHICTh B MAaCTHIIAX, iX POJIb BUKOHYE poOoya piiuHA.
Henoniku:

- Huzpkuii KK/I.
— [lynbcamiss poOouoi piAMHUM B HATHITAIBHOI JIiHII, B pe3yJbTaTi 4YOro

BIJI0OYBAIOThCS CKAUKU TUCKY, 1110 B PE3YJIbTATI CIIPUYUHSE BITHOCHO BUCOKHI IIyM.

— Bucoke HaBaHTa)XKEHHS Ha OTIOPH IIECTEPEHbD.
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UDC 628.1:3:532.528

ADVANTAGES OF USING CAVITATION TREATMENT FOR
WASTEWATER TREATMENT
d.t.s. Ivanytskyi H.K, c.t.s. Tselen B. Ya., c.t.s. Radchenko N.L.,
Chief technologist Shchepkin V.1
Institute of Engineering Thermophysics, NAS of Ukraine

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

AHOTAIIA: ABTopamMu €KCHEPUMEHTAIbHO BUBYEHO OCOOJMBOCTI MPOIECY
OUMIIICHHS BIJIXO/A1B BUPOOHUIITBA CTIYHUX BOJ MOJIOYHOI MPOMHCIOBOCTI B YMOBax
rigpoauHaMidHO1 KaBiTallii. JloBeaeHo, 1o KaBiTalllMHUNA METO OYMIIEHHS CTIYHHUX
BOJl MOK€ BUKOPUCTOBYBAaTUCh CAMOCTINHO a00 K y O€JHAHHI 3 IHIIUMH METOJaMHU.

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

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

The authors proposed the concept of a scheme technology for the
intensification of the wastewater treatment process of the dairy industry using
controlled hydrodynamic cavitation. To develop the scheme of technology, we used a
cavitation reactor for grinding fibrous materials. The liquid part of cavitation reactor
consists of a impeller (cavitator) planted on the shaft of an electric motor equipped

with a frequency converter, a standard confusor, neck (diameter 55 mm, length 67.5
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mm) and diffuser. Speed in the neck of 6.8+8.2 m/s and pressure in the impeller area
of 0.15+0.22 MPa. The study carried out with the duration of processing 90 s and
different values of the number of cavitation — 1.8; 0.6 and 0.3.

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

same time, the vast majority are fat drops with a diameter of less than 2 microns.
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Figure 1 — Fractional distribution of the size (diameter) of fat drops of milk
whey after 90 s of cavitation treatment at different values of the number of cavitation:
1-6=03;2-0=0.6;3-0=1.8
Conclusions. In this report provides the results of experimental studies for the
development of the technology scheme concept to intensify the process of treatment
of dairy industry sewage with the use of hydrodynamic cavitation method are
presented. It is determined that the cavitation method of wastewater treatment can

used as an independent method and combined with other methods.
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YK 631.527:633
OCOBJINBOCTI BEAEHHS ITPOLHECY OBPOBKHA I'OJIO3BEPHOI'O
BIBCA B EKCTPYJIEPI
I.T.H.,c.H.c. IBanunpkuii I' K., k.1.H.,c.H.Cc. Llenens b.4., k.1.H.,c.H.c. ['an3enko B.B.,
K.T.H.,c.H.C. Paquenko H.JI.

IncrturyT Texniunoi tenodizuku HAH Ykpainu

AHOTAIIA: B po60Ti A0BEAEHO AOLUIBHICTh BUKOPUCTAHHSI €KCTPY31AHOTO
MeToay OOpOOKHM TOJIO3EpHOTO BIBCA B CKJIAAl CYXUX JI€ETUYHUX CyMILIEH.
ExcnepuMeHTanbHUM NUISIXOM BCTAHOBIICHO, 110 00pOOKa B €KCTPYIepl TOJI03EPHOTO
BiBCa 3a0e3leuye BHUCOKY SIKICTh KIHIEBOI CyXOl CyMillll Ta IMOJOBXKYE TEPMIH ii
30epiranHs. Bu3sHaueHO HEOOXI1IHICTh BBEJEHHS €Tany 000B’sS3KOBOTO MEXaHIYHOTO
NoApiOHEHHsI eKCTpyJaTy Ha MJIMHI Ta ONTHUMAJbHUN J1ama30H pO3MIpPy YaCTHHOK,
AKUW 3a0€3MeUnTh PIBHOMIPHE HaOyXaHHS NP MOJATBIIOMY MPUTOTYBAHHI.

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

Knrwouoei cnoea: rono3epHuii oBec, EKCTpyAep, Cyxi AIETUYHI CyMIIII.

JieTnuHe XapuyBaHHS 3 KOXXHUM POKOM HaOyBae€ Bce OUIBINIOI MOMYJISIPHOCTI B
Vkpaini 1 cBiTl. IIpu 1pomMy, cHocTepira€eTbCsi 3pOCTaHHS MOMUTY Ha MPOAYKTH
OCHOBY fIKHUX CKJaJa€ royiozepHuil oBec. B VYkpaini BIiICOTOK mepepoOKu
roJIO3EpHOr0 BiBCAa HU3bKUU uUepe3 Te, 110 OCHOBHA 4YacTuHa Bpoxkaro (85%) ine Ha
ekcnopT B iHII Kpainu. [lpu mpomy, BuHUKaEe AEHINUT MIETUYHOI MPOIYKIII Ha
BHYTpPIIIHBOMY PHUHKY. Y 3B’43Ky 3 LHM, MEpPIIOYEPrOBUM 3aBIaHHSAM € IOro
MOJO0JIaHHS, a II€ MOXKJIMBO 32 PaXyHOK PO3pOOKM HOBUX TEXHOJOTi1M BHUPOOHHUIITBA

JTIETUYHUX TPOJYKTIB Ta HOBUX PELETYP.
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B pamkax nanoi npo6nematuku B [TT® HAHY npoBoasThCa DOCTITKEHHS 3
METOI0 PO3POOKH HOBUX PELENTYp CYyXHX AIETHUHUX CYMIIIEH OCHOBY CKJIaAy SKUX
CTaHOBUTbH €KCTPYJIOBAHUN IOJI03EpPHUIN OBEC.

B pesynbrari NpoOBENEHOTO KOMIUIEKCY EKCIIEpUMEHTAJbHUX JOCIIIKEHb
JIOBEJICHO JOLIBHICTh BUKOPUCTAHHS €KCTPY31MHOTO METOAY OOpOOKH TOJI03€pHOTO
BIBCA JUISl OTPUMAHHS CyXUX JIETUYHHUX CyMilIei. 30KpeMa, aHali3 3pa3KiB MOKa3as,
10 B XOJIl €KCTPY3li TOCATHYTO pyiHYBaHHS CTPYKTYpPHU 3€pHa JO KIITUHHOTO PIBHS,
KEJATHHI3aLll KPOXMaJII0, BUAUIEHHS XKUPY Ta YTBOPEHHS MOPUCTOI CTPYKTYPH, SKa
Majia BUIJIS] CITy4YEHOro CTpeHry (puc. la). Sk pe3ynabTar e J03BOJIUIO0 MONINIIUTH
AKICTh TPOAYKTY 3a PaXyHOK MIJBUIIEHHS HOro MOXHUBHOI I[IHHOCTI Ta 30LIBIINTH
TepMiH 30epiraHHsl 3a PaxXyHOK BHUCOKOTEMIIEpaTypHOi 00poOku. OmHak, po3Mipu
YTBOPEHUX CHUIYYHUX CTPEHI, HE3aJeXKHO Bl PEXHUMIB €KCTpy3ii, MoKa3alu
HEOOX1HICTh BBEJICHHS JOJATKOBOI'O €Talmy MEXaHIYHOTO MOJAPIOHEHHS €KCTPyJaTy

Ha mutiH1 (puc.10).

a) 0) B)

a — cTpeHr; 0 — moJapiOHEHMM HAa MIIMHI CTPEHT; B — MIKPOCTPYKTypa
MoApiOHEHOTO CTPEHTY.
Pucynok 1 — ExcTpyioBaHunii rono3epHui oBec
BcTranoBieHo, 1m0 ONTUMalbHUNA PO3MIP YACTUHOK MICHs MOAPIOHEHHS Ha
miuHi Mae ckianatu Big 40 mo 80mkm. (puc.1B), a iX niana3oH Ma€ 3HAXOAUTHUCH Y
BY3BKHX MeXax JIJIsl 3a0€3MeUeHHs pIBHOMIPHOTO Ha0yXaHHS CyX0i CyMiIIi.

BucnoBkn. OTpumaHi pe3yiabTaTd IMOKa3ajdd MOXIIUBICTh  OJEp>KaHHS
BHUCOKOSIKICHUX CYXMX JIETUYHHUX CyMIII€l HA OCHOBI €KCTPYIOBAHOI'O T'OJI03E€PHOTO
BiBCa 3 TPUBAIMM TepMiHOM 30epiranHs. BcTaHOBIEHO HEOOXITHICTh BBEICHHS
00OB’SI3KOBOTO €Tally MEXaHIYHOro0 MOJPIOHEHHS Ha MJUHI s 3a0e3MeueHHs
OJTHOPIJTHOCTI AUCIEPCHOTO CKJany. BuzHaueHo, onTuManbHUM po3Mip YaCTUHOK, Ta
iX Jiana3oH.
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UDC 628.1:3:532.528

INTENSIFICATION OF THE PROCESS OF WASTEWATER TREATMENT
OF THE DAIRY INDUSTRY USING HYDRODYNAMIC CAVITATION
d.t.s. Ivanytskyi H.K, c.t.s. Tselen B. Ya., c.t.s. Radchenko N.L.,

Chief mechanic Shulyak V.V.

Institute of Engineering Thermophysics, NAS of Ukraine

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

AHOTAIIA: TlpencraBieHO pe3yiabTaTd IOCHIKEHb, IO CTald OCHOBOIO
pu po3poOll KOHIEMIIT CXeMHU TEXHOJIOTIT JyIsl iHTeHCU(IKaIli MPoIecy OYMILICHHS
BIIXOIB BUPOOHHUIITBA CTIYHUX BOJ| MOJIOYHOI IMPOMUCIOBOCTI 13 3aCTOCYBaHHSIM
METOJy TiIpoANHAMIYHOI KaBiTamii. JloBeaeHo, 1m0 €(EeKT OYMINEeHHS IiJl Yac
KaBiTalli 10CATAETHCS 3a KOPOTLIMH Yac aHDXK MpU TypOyJIEHTHOMY IEpEMILITYBaHHI 1
B MTOJAJTBIIIOMY MOX€E BUKOPUCTOBYBATHUCH SIK CAMOCTIHHUAN METO/I.

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

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

In order to study the mechanism of influence of cavitation on polydisperse
systems, the authors conducted experimental studies. In particular, effect of cavitation
treatment duration on the effect of purification of milk whey by fats, on suspended
substances, chemical oxygen consumption and biological oxygen consumption. As a

polydisperse system, samples of wastewater of the dairy industry were taken.
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Figure 1 showed the results of the study of the effect of cavitation treatment

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

substances, chemical oxygen consumption and biological oxygen consumption.
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Fig. 1 — Dependence of the effect of purification from the duration of cavitation
treatment a - milk whey; b - sewage:
1 — of fats; 2 — in suspended substances; 3 — by chemical oxygen consumption; 4 — by
biological oxygen consumption.
From the resulting dependence, it can be seen that with a duration of cavitation
treatment of 60+90 s with a cavitation number of 0.6+0.3, the concentration of fat
decreases by 20+25%, suspended substances by 22%, chemical oxygen consumption
12+15%, biological oxygen consumption by 9+12%.

Conclusions. The results of conducted experimental studies on the study of
regularities of purification of milk whey, sewage in cavitation flow show that the

effect of purification during cavitation can be, achieved in a short time than in

turbulent stirring.
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VK 621
MOPIHIHEBUI HACOC

ctyneHt A.1O. Craciok, K.T.H., nou. A. P. Ctenaniok
HaunionaJbHuil TeXHIYHUN YHiBepcUTEeT YKPaiHU

«KuiBcbKui moJritexHiyHuii iHcTuTyT iMeHi Irops Cikopcbkoro»

AHOTANIA. OnucaHo nmpu3HA4YEHHsS MNOPIIHEBOIO HACOCY HABEIEHO MOTO
HEJIOJIIKU Ta MepeBary.

KJIOYOBI CJIOBA: TIIOPIIHEBUM HACOC, TIIPUHIIMIT /I,
INEPEBAHI'Y, HEJOJIIKU.

[TopmiHeBUit HAacOC Ma€ 3HAYHY KOHCTPYKTHUBHY OCOOJMBICTH CEpeJ IHIIUX
BUJIIB HacociB. BiH Mae mopiieHb, 3a JONOMOTOI SIKOTO  3/1MCHIOETHCS
BCMOKTYBAaHHS PIAMHU Yy UWIIHIAP, B HACHIJIOK 3BOPOTHO-MOCTYNAIBHOTO
pyxy [1, 2, 3].

[lin yac MiAHATTS TOPIIHIO BTrOPY, CTBOPIOETHCS PO3PIIKEHHS, piAMHA TiJ
nier0 aTMOCHEpPHOTO TUCKY BXOJWUTH Y IIIIHAP, BOHA BIJKPUBAE 3BOPOTHUN KilamaH
Ta PyXa€eThCs 3a MOPITHEM

[Ipu pyci nopiHs BHU3, MiJ JII€I0 TUCKY CTBOPIOBAHUM MOPIIIHEM, 3BOPOTHUMN
KJIallaH 3aKpUBA€TbCS, pIAMHA PYXAEThCS Bropy, BCMOKTYBaJIbHUU KJamaH
B1IKPUBAETHCS.

[IpencraBnenuii BapiaHT HacoCcy MOXKe MiAIAMaTH pPIAMHY T 1€
aTMoc(epHOro TUCKY Ha BUCOTY 10 MeTpiB, TOMY AOLIIBHO PO3TAIIOBYBaTH BHU3Y,
Hampukiaa y cBepioBuHi. Came Ha TJIHUOWHI CTBOPIOBaJbHA PI3HULA THCKIB
3abe3reuyBala pyX piluHU Ha BeNHUKY Bucoty (PucyHnok 1).

Icnye Oe3miu Bapialliif MOPUTHEBUX HACOCIB, TPUHIIUII 3ATUIIAETHCS €JUHUM.

ITepeBaru:

— nepeKavyBaHHs BEJIMKO1 KUIBKOCTI PiUHU;

— MOXJIMBICTh CTBOPEHHS BEJIMKOTO TUCKY (110 40-50 MIla);
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— nepeKavyBaHHs PiJIUH Ta ra3iB;
- MPOCTOTA KOHCTPYKIIIT;

- IIUPOKUH J11ara30H 3aCTOCYBaHHS.

Henomiku:

— ["abGapuTHICTH KOHCTPYKIIIi

— HepiBHOMIpHICTE TTOgAY1

— CknagHiCTh nepekayyBaHHs 3a0py/IHEHOI piIUHU
— Bucoxka BapricTh

— 3HOIIIYBaHICTh JeTanen

/
TN

— ITok; 2. BcMokTyBanibHUM Knamnad; 3. [lopmens; 4. 3BoOpoTHHI KIi1anaH; 5.
PesepByap 3 piauHOI0

Pucynok 1 — Cxema nopmHeBoro Hacocy
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[TopmiHeBl HacocH HIMPOKO BUKOPUCTOBYIOTh y Ha(TOBHI00YBaHHI, BOHHU

MOXYTh 3a0e3neuntu Tuck noHaa 400 atmocdep.

[lepenik MmocuiIaHb:

1. https://youtu.be/Y 1e80JZtv8I Bix 20.05.2022p.

2. https://youtu.be/Hwne4dEmHUMS Big 20.05.2022p.

3. https://uk.wikipedia.org/wiki/TlopmneBuii_Hacoc Big 20.05.2022p.
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YK 66.047
ABSORBER OF AMINE GAS PURIFICATION INSTALLATION
Student Nikulichev D.V., Senior lecturer, Ph.D. Haidai S.S.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

ANNOTATION: The structure of a sieve absorber of the technological
scheme of amine gas purification from hydrogen sulfide is studied.

KEY WORDS: AMINES, HYDROGEN SULFUR, ABSORBER, AMINE
PURIFICATION.

ABCOPBEP YCTAHOBKHU AMIHOBOI OUUCTKHU I'A3Y
Crynent Hikyniues J.B., crapmmii Buknanauy, k.1.H. ['aiigai C.C.
HaunionajbHuil TeXHIYHUN YHiBepcUTEeT YKPaiHU

«KuiBcbKui noJritexHiyuui iHcTutyT iMeHi Iropst Cikopcbkoro»

AHOTALUA:  Pozenanymo  koHcmpykyilo — Hacadkogozo  abcopbepa
MEexXHON02IUHOI CXemMu aMIHO8020 OYUULeHHS 2A3) BI0 CIPKOBOOHIO.

KJIKOYOBI CJIOBA: AMIHU, CIPKOBOJEHb, ABCOPBEP, AMIHOBA
OYUCTKA.

In amine absorbers by absorption solution of amine, fed to the top of the
column and flowing down the plates, hydrogen sulfide H»S, carbon dioxide CO; and
partially from mercaptan sulfur compounds are removed from natural gas. In order to
keep the process flowing efficiently, it is necessary to control the level of amine
collecting at the bottom of the absorber.

The technological scheme of amine gas purification is shown in Figure 1, and

its detailed description is given by the authors [1].
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Figure 1 — Technological scheme [1]

This scheme uses a sieve absorber, which is one of the main apparatuses,
because it is there that amine gas purification takes place.

For this technological scheme is chosen a cap absorber [2], containing a
vertical body with the inlet and outlet of the gas flow and liquid absorbent, a support
grid on which the cap is placed, the ionizer, installed at the inlet of the gas flow, and
the electrode, made in the form of a perforated disk, Figure 2. The nozzle consists of
sections of equal height H, each divided by a perforated disk, so that the height of
each section H is determined by the formula:

AH=U/E, (1)
where E is electric field strength, providing a given level of purification of the gas
mixture from harmful impurities, V/m; U is permissible safety voltage in the liquid

absorbent, with adjacent perforated discs connected to the opposite poles of the DC

source, and the body and the nozzle made of dielectric material.
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1 — vertical case; 2, 3— inlet and outlet tubes of gas flow; 4, 5 — inlet and outlet
tubes of liquid absorbent; 6 — supporting grid; 7 — absorbent; 8 — ionizer;
9 — adjacent perforated disks; 10 — wire; 11 — direct current source.
I' — gas flux; XK — absorber flux

Figure 2 — Scheme of the nozzle absorber [2]

Dividing the height of the nozzle into sections of equal height and installing
perforated disks between the sections, allows to apply to each of them a potential not
exceeding the allowed voltage for safety when working with liquid absorbents, and
simultaneously create a high voltage electric field, providing the necessary level of
purification of the gas mixture from impurities when absorbing the latter by the liquid
absorbent Connection of adjacent perforated disks to different poles of DC power
supply allows to have the same voltage U and therefore optimal electric field voltage
over the whole height of the head in the column, and perforation in disks allows to
evenly distribute the liquid absorbent and gas mixture over the height and radius of
the head. Implementation of the housing and the nozzle of dielectric material allows

to reduce current leakage on the housing and the nozzle, and therefore the energy
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consumption for purification of the gas mixture from harmful impurities and

contributes to safety when working with the column and the nozzle under voltage U.
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MODERNIZATION OF HEAT EXCHANGER FOR HEATING NITROGEN
ACIDD

student Chernysh I., Liubeka A.
National technical university of Ukraine

"Kiev polytechnic institute named after Igor Sikorsky"

SUMMARY: The purpose of ammonium nitrate is given, the technical process
of production of ammonium nitrate is described, the directions of modernization of

installation are formulated.
Key words: RECTIFICATION COLUMN, AMMONIA NITRATE, HEAT
EXCHANGER, MODERNIZATION

MOJEPHI3ALIS TEILJIOOEMIHHUKA JJIS1 HATPIBY A30OTHOI
KNCJIOTH

ctyaedT Yepnu I, k.T.H., JTrobeka A.
HaunionajbHuil TeXHIYHUN YHiBepcUTEeT YKPaiHU

«KuiBcbKui moJritexHiyHuii iHcTutyT iMeHi Irops Cikopcbkoro»

AHOTANIISA. Haseneno MojepHI3aHIlisl TEIUIOOOMIHHMKA [JIs MIJITPIBY
aMIiayHOi CEeJITPH, ONMHUCAHO TEXHIYHE PIIIEHHS JJIs 1HTeHCHU(IKaIlli TerI000MiHYy B
MDKTPYOHOMY MPOCTOP1 HUIAXOM YHIKAJIBHOTO PO3MIILIEHHS IEPErOPOIOK.

KJIOYOBI CJIOBA: PEKTU®IKAIIIMHA KOJIOHA, AMIAYHA
CEJIITPA, TETUDIOOBMIHHUK, MOJIEPHI3ZALIA

Shell-and-tube (shell-and-tube) heat exchanger refers to heat exchangers

in which the heat exchange surface between two streams is formed of tubes

44



36ipHuk Te3 nonosineii XXX BceyKkpaiHCbKOI HAyKOBO-NIPAKTHYHOI KOH(epeHuil cTy/1eHTiB,
acmipaHTiB i MoJsiogux BueHnx O0JIafHAHHSA XIMiYHUX BUPOOHMUTB i NiANPUEMCTB OyAiBeJLHUX
MmarepiajisB”

enclosed in a casing, and heat exchange is carried out through the surface of
these tubes.

Nitric acid, nitric acid (HNOs) - a strong monobasic acid. Highly
corrosive acid, reacts with most metals, a strong oxidant. It tends to turn
yellow due to the accumulation of nitrogen oxides during long-term storage.
Usually nitric acid has a concentration of 68%, because this is the composition
of its azeotropic mixture with water. If the concentration exceeds 86%, it is
called fuming acid. Depending on the color of the "smoke", the concentrated
acid is divided into white and red in a concentration greater than 95%.

Our heat exchanger, which is designed to heat nitric acid, transfers too
much heat to nitric acid, ie has too high an intensity due to which it will have
to be cooled or spent more time to adjust to the required pressure and water
temperature before sending to react with ammonia. at an angle of 90 degrees
to the walls of the apparatus, this may adversely affect the turbulence of the
flow.

The proposed heat exchanger is made of aluminum, which is resistant to nitric
acid, but only in normal environments and at normal temperatures, so it will
have to be cleaned more often from rust and repaired, so we will find a more
resistant to nitric acid material. In this work, we need to find a way to increase
the intensification of our apparatus Figure 1 shows a diagram of our heat

exchanger for heating nitric acid before modernization.

45



36ipHuk Te3 nonosineii XXX BceyKkpaiHCbKOI HAyKOBO-NIPAKTHYHOI KOH(epeHuil cTy/1eHTiB,
acmipaHTiB i Mostogux BYeHHX O0/1aJHAHHA XiMIYHUX BHPOOHMITB i MiANPHEMCTB OyaiBeJIbHAX

MarepiaJjis”
exit of nitric acid from hot water inlet to the
the tube sheet annulus
A IP,.-"'- . partition | * r/

\ ',—\- N .,_\‘ -/\‘ I
\ 1l 11 1 1 ‘ 1 11 i iy n T ™
NI 1P | A | SO § MM B | 1™

Il I1 Il I1 A T 1 11 % 11 11 ‘\

/ i runrmrm _H__Hﬂil

1l 1 1 ¥ 1l U._'_I.I_ 1

A Hﬂ—n%q:}'
T

B
| | Iﬂ A |

nitric acid entry into the
tube sheet

RS

-~
—

hot water outlet from
the annulus

Fig.1 Heat exchanger for heating nitric acid

Through the inlet pipe, hot water enters the space between the pipes,
which circulates in the heat exchanger, bypassing the partitions, and after heat
exchange with nitric acid exits the heat exchanger through the outlet pipe.
Nitric acid is supplied through another inlet to the pipe space and also
circulates through the pipes receiving heat from the water, and then removed
for future use. Water and nitric acid do not come into contact.

For more efficient and continuous operation, we will change the part of
the heat exchanger material that comes into contact with nitric acid from
aluminum to corrosion-resistant ferritic steel (15X28), as aluminum is not very
resistant to concentrated and heated to 70 degrees nitric acid. It is not
necessary to completely change the material, so we can save money on

materials and repairs.
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Fig.2 Modernized heat exchanger for heating nitric acid

Due to the reduced number of partitions to four, the turbulence of the
flow has improved, the temperature has become easier to regulate, as the water
cycle faster and does not give off as much heat as before. Also, the partitions
are now placed at an angle of 15 degrees for faster passage without pipe zones
near the walls of the heat exchanger. As a result of modernization, the

intensification has increased.
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ENVIRONMENTALLY HARMFUL ADDITIVES
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AHomauin. MeToro JaHOI JOCTITHUIILKOT pOOOTH € BMBYEHHS OCOOJIMBOCTEH
pO3pOOJIEHHST MaKyBaJIbHUX MaTepialiB 13 3aJaHUMU BIIACTUBOCTSIMU 0€3 BMICTY
€KOJIOTIYHO IIKIAJMBHUX J00aBOK, IO € JIOCUTh aKTyaJlbHUM. BHpIIIEHHS Takoro
KJIacy 3ajlady Mae 0a3yBaTUCS Ha MPOBEACHI cepil eKCIEPUMEHTANIBHUX TOCHIIKEHDb B
1a00paTOPHUX YMOBAX Ta OTPUMAHHS Pe3yJIbTATIB, SIKI CIIyTyBaTUMYTh OCHOBOIO JIJIsi
MOJANBIIOTO PO3POOJIEHHS HOBUX BHU/IB MaKyBaJIbHUX MaTepiaiiB 3 Hamepe
3aIaHUMU XapaKTEPUCTUKAMU MIITHOCTI Ta BIACTUBOCTAMHM KUPOHEITPOHUKHOCTL. J{71s1
JOCSITHEHHS ~ TOCTaBJIEHOI METH B JlaHiii  poOOTI  peani3oBaHO  CEpiro
EKCIEPUMEHTAIbHUX JIOCTI/KEHb B IIMPOKOMY Jiara3oHi 3MIHU BCIX BIUIMBOBUX
(daxTopiB. B pe3ynbTaTi NPOBEICHHS TaKOi cepii CIJIAaHOBAHUX E€KCIIEPUMEHTATbHUX
JOCJIIKEHb CTaJ0 MOKJIMBUM B MOJAJBIIOMY PO3POOUTH KOMIUIEKC MaTEMaTUUYHUX
Mozeneit. [lnanyerbcsi 32 BUKOPUCTAHHSI TAKOTO KJIacy MaTeMaTUYHUX MoOJieNed Ta
Cy4YaCHUX KOMII IOTEPHUX TEXHOJOTIM MPOBECTH MOIIYK ONTUMAJIbHUX YMOB JUIs
CTBOPEHHS TNAKyBaJIbHUX MaTepialliB 3 Hamepel 3aJaHUMH Ta EKOJIOTIYHO
0€3MeYHNMU BIACTUBOCTSIMU.

Knwuosi cnosa: nanip, naxyeanvhuu mamepian, MeXaHiyHi NOKA3ZHUKU MIYHOCHI,

HCUPOHENPOHUKHICb
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Summary. The purpose of this research is to study the features of the

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

packaging materials with predetermined and environmentally friendly properties.
Key words: paper, packaging material, mechanical strength, grease resistance

The purpose of this research is to study the features of the development of
packaging materials with specified properties without the content of environmentally

harmful additives, which is quite relevant.

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

characteristics and grease resistance properties.

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

packaging materials with predetermined and environmentally friendly properties.

As you know, consumers of packaging material are confectioneries, bakeries,
bakeries, meat plants, cold stores, fish processing plants, enterprises that produce

spools for the textile industry, tea factories, organizations that procure medicinal
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herbs, manufacturers of compound materials and packaging for fast food and many

others.

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

while low-resistance sub-parchment can be used for packaging frozen meat and fish.

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

of its sides.

However, today there are a number of chemical compounds, substances and
complexes that are used to increase grease resistance by introducing into the

composition of the paper pulp or by applying to the surface of the paper web [1,2,3].

According to the results of research, ensuring a sufficient level of consumer
and operational properties is possible due to the composition, which includes three or
four components dissolved in water [3]. In addition to providing the necessary grease
resistance, the treatment of paper with this composition also contributes to the
increase of mechanical strength, namely: tensile strength during repeated bending and
relative elongation. It is easy to understand that the treatment of paper with such

compositions, regulating the content of each of the components and the ratio between
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them, allows the experimenter to produce packaging materials for different
applications, ie packing and packaging of products and products with high and low
fat content. high moisture content, including for packaging products that require high
mechanical strength (eg, wrapping candy and caramel, etc.) in the machine and

transverse directions, and extended shelf life.

Thus, in this work, which is the first stage of exploratory research, a series of
experiments were conducted, on the basis of which it is possible to develop a number
of mathematical dependences on different strength indicators of new generation

packaging materials.
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