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2. Optimization of parameters of preparation and distribution of coolant for drying disk spraying complexes

Pedepar:

1. MeTomo nucepTauiiHoOi poOOTH € pO3pO06JIEHHS Ta YIOCKOHATIEHHS! KOHCTPYKLil CYIIUIBHUAX JUCKOBUX
PO3NUJIIOBAJIbBHUX KOMIIJIEKCIB LUIJISIXOM TEOPETUYHOTO Ta €KCIIEPUMEHTANIBHOIO JOCiIKEHHS IapaMeTPiB poboTU
33JaHOTO TEXHOJIOTIYHOTO perjaaMeHTy, COOPMOBAHOTO Ha pe3yJibTaTax MoAetoBaHHs NOToKiB CFD (MonentoBaHHS
004K CII0BaIbHOI TiipoaHaMiky). Y repuiomy po3isi guceprauii pos3risiHyTo kiacu@ikaliilo OCHOBHUX METOIB Ta
IIPOLIECIB CYIIiHHS MOJIOYHOI cUpOoBaTKU. CHUPOBATKa € BXJIMBUM I100IYHMM ITPOAYKTOM IIif] Yac BUPOOHMUIITBA
VHUKHEHHS BTpaT. OOHMM i3 OCHOBHUX TEXHIYHUX OOMEXEHb Ta HEeOJIIKIB, 5IKi CyIIPOBO/KYIOTh PO3IUIIOBAJIbHI
CYLINJIbHI KOMILJIEKCH, € obMesKeHa iHdopMallis 1010 aepoIuHaMiYHUX IIOTOKIB, 110 BUHUKAIOTh YyCepeauHi Kamepu
LMX KOMILJIEKCiB. OOMEKEHICTh TEXHIYHUX JAHUX, IOI0 A€POAVHAMIUYHUX [I0TOKIB YCKIaAHIOE IPOLECH ONTHUMI3allii
NapameTpiB CyUIMIbHUAX KOMILJIEKCIB, 1110 MOKe IIPU3BECTHU 0 HEONTMMAIbHOTO BUKOPUCTAHHS €HEPrii, 3H>KEHHS

IIPOAYKTUBHOCTI i IKOCTi IpoayKTy. ToMy, 3 MeTO10 3a6e3reyeHHs e(eKTUBHOI pOOOTH, aKTyaJIbHOIO 33ja4el0 €



yIOCKOHAJIEHHSI KOHCTPYKLIHUX Ta eKCIUTyaTaliliHUX apaMeTpiB po60TH CYINIbHUX JUCKOBUX PO3IUIIIOBAIbHUAX
KOMIIJIEKCIB. Y ApyroMy po3ziii gucepratiii npefcTaBieHa AeTalbHa METOL0JIOTIS IPOBENEHHS JOCIiIPKEHD 3
BHABYEHHS IPONVMHAMIKY CYIIAPOK 3 BilIEHTPOBO-AUCKOBUM PO3NUWIEHHIM. ['ifpoinHaMika Cymapok 3
BiZJLIEHTPOBO-IXCKOBUM PO3IUJIEHHAM - MICTUTh aHaJli3 rigpogHaMiKyi BHYTPILIHIX KaMEpP CYLIIUIbHUX YCTAHOBOK
3 ypaxyBaHHSIM crieluiky BiiLleHTPOBO-AXCKOBOr0O pO3NujeHHs. Mojeli TypOyI€eHTHOCTI /17151 PO3PaxyHKy
PO3IUIIIOBAJIbHUX KOMILJIEKCIB — MICTATb AOCJIIPKEHHS MOZeJli TypOyJIeHTHOCTI, 1110 3aCTOCOBYBAJIUCS [J1sI OL[iHKY
IIPOLIECY PO3MMUJIEHHS B CYIIMJIBHUX KOMIUIEKCax. MeToMKa OCIiI)KeHHS TEeMIIePAaTyPHUX I0J1iB B aKTUBHIl 30Hi
pO3NMII0BaIbHOI Kamepu cOpPMOBaHa Ha 6a30BUX METO/AX Ta IHCTPYMEHTAX, 110 32CTOCOBAHI /1711 BUMipIOBaHHS
TEMIIePATyPHUX [IAPaMETPiB B aKTUBHIN 30Hi CyLIMJIBHOTO MPOLECY. Y TPETbOMY PO3Lisi AucepTaliii BUCBITJIEH]
IeTajli MPOBEIEHUX NOCIIIKEHb 3 METOI0 OINITUMI3allii IPOLeCy CYIIiHHS MOJIOYHUX IIPOJYKTIB B PO3NUIIIOBAJIbHIN
cymapui. 3a pe3yabTaTaMy eKCIIEPUMEHTIB, 6yJI0 BCTAHOBJIEHO, 1[0 ONITUMAJIbHA IIBUIKICTb IOTOKY TEIJIOHOCIS
B3[IOBX BHYTPIIIHbOI IOBEPXHi CTIHOK KOPIIyCY PO3NMJIIOBAJIbHOI CylIapKX 3HAaXOAUTLCS B JlianasoHi Big 20 g0 25
METPIB Ha CeKyHAy. JJOCIIiIpKEeHHS TaKOXX BUSBUIIO, IO TEMIIEPATYPHI 3MiHM Y BHYTPIIHBOMY IIPOCTOPi CYIINIBHOTO
KOMIIJIEKCY MAIOTh 3HAYHUI BIUVIUB HA PYX YaCTUHOK IIPOAYKTY Ta TEIJIOHOCI:. Lle Harosomlye Ha BaXXJIMBOCTI
TOYHOTO PETYJIIOBAHHS NTAPAMETPIB TUCKY i TEMIIEPATYPHHUX MOJIIB y CyIUJIbHOMY KOMILIEKCI 11711 OITUMAJIbHOTO
KOHTPOJIIO HaJ| IPOLIeCOM CyLIiHHS. YeTBepTuil po3fia quceprauiiHoi po6OTH IPUCBIYEHUI 3aIIPOIIOHOBAHO
3BY3UTHU I1epepi3 NOBITPOHANPABIISIIOUOr0 IIPUCTPOIO, 1110 CIIPUATAME 30iJIbII€HHIO MIBUAKOCTI TEIIJIOHOCIS Ta
[OKpaIleHHIO e(pEeKTUBHOCTI CYLIiHHS YaCTMHOK MOJIOYHOTO MIPOAYKTY. 3By’K€Ha 4aCTUHA NPUCTPOIO NoAayvi
TEIJIOHOCIA AMCKOBOI PO3NUIIIOBAILHOL CYylIapKY BUSBUJIA JOLATKOBUM IIO3UTUBHUN BIJIUB Ha WIBUIKICTb IIOTOKY
TernsoHocig. YncenbHe MOOE0BaHHS [10KA3aJ0, 1110 OIITHMAaJbHOO IMIBUIKICTIO 10Ja4i TenoHocid € 3HayeHHs 50
M/c. Tako>X BXXJIMBUM PE3YJIbTaTOM OYJIO BUSIBJIEHHS 3MiHM TUCKY B Pi3HMX YaCTHHAX cymapku. Ha ocHOBI
IOCJiIKEHb 3'sICOBAHO 3aJIEXXHICTh MK MIBUMIKICTIO MTOAAYi TEIJIOHOCIS Ta KyTOM po3nuily (pakesa. BctanosieHo,
10 HaMBUIIli 3HAYEHHS MBUIKOCTI IIOTOKY BU3HAYAIOTHCS MiJ PO3MUJIIOBAIbHUM JAUCKOM, 1€ IIBUIKICTh IIOTOKY
Jocsirae NMoKasHUKiB 10 40 M/cek. EkcriepuMeHTalbHO BU3HAYE€HO, 1110 IIPU KyTi PEryJIl0BaHHS >KaJ03ifHOro
po3nofiseHHs 45 rpafyciB crioctepiraeTbCs NifBUIEHHS KyTa po3nujeHHs ¢akesna. Y I'IToMy po3zii
IyceprauiHoi po6oTu 6yJI0 MPOBEEHO YKCesbHI focminkeHHs 3 BukopuctaHHsam nakety CFD FLUENT nis
aHaJi3y NMpoLecy po3NUJII0BaJbHOIO CyliHHSA. JI7151 MOZEeII0OBaHHS MTPOLIECY PO3MUIIOBAJIBHOTO CYIIiHHS 6y
o6pana nporpama CFD FLUENT, sika € NOTy>KHUM iHCTPYMEHTOM [iJ151 YACEJIbHOTO aHali3y MPoLeciB 0OMiHy mMacu
Ta TEIIa B CKJIAHAX CUCTEMAx. JIjisl mepeBipKy TOYHOCTI YMCEJIbHYX PE3yJIbTaTiB OyJIM BUMIpSIHI TeMIIEPATypU B
Pi3HMX TOYKax BCceperHi OallHi pO3NUII0BAIbHOI CymapKu. Bysio 1ocsarnyTo gobpy y3romKeHiCTb Mix
eKCIIepUMEHTAJIbHUMU Ta YUCEeJIbHUMU JAHUMU 3 MaKCUMAaJIbHOIO BiTHOCHOIO MOXUOKOI0 4,6%. BcTaHOB/IEHO, 1110
Iif, Yac MePBMHHUX €KCIIEPUMEHTIB Y "CIIOKIMHMX" YMOBAX, KOJIM WBUIKICTb I104a4i TEMJIOHOCIM He nepesuye 10
M/C i IpoTiKae KOHBEKTUBHUI MOTIK MOBITPs Ha BXOJi, €peKTUBHO BUKOPUCTOBYETbCS NepexigHa mogenb CFD k-
omega (2 eqn). AHasi3 TeMnepaTypHUX Ta BOJIOTiCHUX pekKuMiB: [1pu 3HaueHHi mBUaKoCTI nopayi npoaykry 120 M/ c
CIIOCTEpiraloThCs HalBUILi TeMIIEPATYpHi 3HaueHHS OiJ1s1 CTiHKM B rpymi A Ha BucoTi 3200 MM Bif, 6alHi.
BcraHoBIIEHO, 110 34iMCHEH] TOCIIIKEHHS, I0B'S13aHi 31 3MiHOIO ITapaMeTpa Mo4adi BXifHOTrO TEIJIOHOCIS B
CYLIMJIBHUY KOMIIJIEKC 32 yMOBU TeMmnepatypu 180°C Ta NpOrHo30BaHOi 3aIMIIKOBO] BOJIOTOCTi BUCYIIEHOTO
IIpoAyKTy Ha piBHi 0,41%. 3akitoueHHs Ta NepcrekTUBU: Po3pobieHni MeTO, MOZIEIIOBAHHS MOXKe OYTH KOPUCHUM
I7151 TIOJIJIBIIOTO PO3BUTKY Ta BIOCKOHAJIEHHS iHIyCTPiaJIbHUX PO3MUJIIOBAJIBHUX CYHIAPOK, 3a0€3M1e4y04YU 01l

TOYHY Ta €(PEKTUBHY POOOTY LIUX IIPUCTPOIB.

2. The aim of the dissertation is to develop and improve the design of drying disk spraying complexes by
theoretical and experimental study of the operating parameters of a given technological regulation formed on the
basis of the results of CFD (computational fluid dynamics) flow modeling. The first chapter of the thesis discusses
the classification of the main methods and processes of whey drying. Whey is an important by-product during
dairy production, and its treatment and utilization are of great importance for production efficiency and loss
avoidance. One of the main technical limitations and disadvantages that accompany spray dryers is the limited
information available on the aerodynamic flows that occur inside the chamber of these systems. The limited
technical data on aerodynamic flows complicates the process of optimizing the parameters of drying complexes,



which can lead to suboptimal energy use, reduced productivity and product quality. Therefore, in order to ensure
efficient operation, an urgent task is to improve the design and operational parameters of drying disk spraying
complexes. The second chapter of the thesis presents a detailed methodology for conducting research on the
hydrodynamics of dryers with centrifugal disk spraying. Hydrodynamics of dryers with centrifugal disk spraying -
contains an analysis of the hydrodynamics of the internal chambers of drying plants, taking into account the
specifics of centrifugal disk spraying. Turbulence models for the calculation of spraying complexes - contains a
study of the turbulence model used to evaluate the spraying process in drying complexes. The methodology for
studying temperature fields in the core of the spray chamber is based on the basic methods and tools used to
measure temperature parameters in the core of the drying process. The third chapter of the thesis highlights the
details of the research conducted to optimize the process of drying dairy products in a spray dryer. According to
the results of the experiments, it was found that the optimal flow rate of the coolant along the inner surface of the
walls of the spray dryer body is in the range of 20 to 25 meters per second. The study also revealed that
temperature changes in the internal space of the drying complex have a significant impact on the movement of
product and coolant particles. This emphasizes the importance of precise control of the pressure and temperature
fields in the drying complex for optimal control over the drying process. The fourth chapter of the thesis is
devoted to the proposed narrowing of the cross-section of the air guide device, which will increase the coolant
velocity and improve the efficiency of drying dairy product particles. The narrowed part of the coolant supply
device of a disk spray dryer has an additional positive effect on the coolant flow rate. Numerical modeling showed
that the optimal coolant flow rate is 50 m/s. Another important result was the detection of pressure changes in
different parts of the dryer. Based on the research, the relationship between the coolant flow rate and the angle of
the flame spray was determined. It was found that the highest values of the flow rate are determined under the
spray disk, where the flow rate reaches up to 40 m/s. It has been experimentally determined that at a louvered
distribution control angle of 45 degrees, an increase in the flare spray angle is observed. In the fifth chapter of the
dissertation, numerical studies were conducted using the CFD FLUENT package to analyze the spray drying
process. The CFD FLUENT program was chosen to model the spray drying process, as it is a powerful tool for
numerical analysis of mass and heat transfer processes in complex systems. To verify the accuracy of the
numerical results, temperatures were measured at various points inside the spray dryer tower. Good agreement
between the experimental and numerical data was achieved with a maximum relative error of 4.6%. It was found
that during the initial experiments under "calm" conditions, when the coolant flow rate does not exceed 10 m/s
and there is a convective air flow at the inlet, the k-omega CFD transient model (2 eqn) is effectively used. Analysis
of temperature and humidity conditions: At a product feed rate of 120 m /s, the highest temperature values are
observed near the wall in Group A at a height of 3200 mm from the tower. It was found that the studies related to
changing the parameter of the input coolant supply to the drying complex at a temperature of 180°C and the
predicted residual moisture content of the dried product at 0.41%. Conclusions and Prospects: The developed
modeling method can be useful for the further development and improvement of industrial spray dryers, providing
more accurate and efficient operation of these devices.
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2. Lyudmyla O. Kryvoplyas-Volodina

KBasigikamis: n.1.1., npodecop, 05.18.12

InenTudikarop ORCID ID: He 3acrocosyetscs

JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HaljioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIi
Kopg 3a € IPIIOY: 02070938

Micuesnaxo,szeHHﬂ: ByJI. Bosmogumupceka, 6ya. 68, Kuis, 01601, Ykpaina

dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. [ToHOoMapeHKo Bitaniit BacunboBuy

2. Vitalii Ponomarenko

KBasigikanis: k.r.u., nou,., 05.18.12

InenTudikarop ORCID ID: He 3acrocosyerbcs

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: HauioHanbHMil yHIBEDCUTET XapYOBUX TEXHOJIOTI
Kopg 3a €IPIIOY: 02070938

Micuesnaxomxeunﬂ: ByJI. Bonmopumupcska, 6ya. 68, Kuis, 01601, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi



BaacHe IlpizBume Im's I10-6aTbKOBI Mupownt4yk Banepiit I'puroposiy
rOJIOBH pagu

BnacHe IlpizBume Im's I10-6aTbKOBI Mwuponuyk Banepiti ['puroposiy
rOJIOBYIOYOrO Ha 3acCimaHHi

BiamoBigasibHUE 32 MiZTOTOBKY MenbHuK Hatamis

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




