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Pedepar:

1. Inceprarist npucBsYeHa BUPIlIEHHIO aKTyabHOI HAyKOBO-TIPAKTUYHOI 3a/a4i MifgBuIeHHs e(peKTUBHOCTI
peKyIepartii Tersia Ha IPOMUCJIOBUX IiANPUEMCTBAX XiMiYHOI IIPOMUCIIOBOCTI 3 BUKOPUCTAHHAM IJIACTMHYACTUX
TEIJIOOOMIHHUX arapariB po36ipHOi KOHCTPYKLII 32 paxyHOK 3MEHIIEHHS PiBHS 3a0pyAHEHD Ha TEIJIOOOMiHHIN
IIOBEPXHI Ta IPOTHO3YBaHHS iX cTasnoi poboTu. B nucepranii posrnsHyTi nutaHHs iHTeHcudikauii npouecis
TeIionepeayi Ta po3pooKy METO/IiB ITPOTrHO3yBaHHS 3a0pyIHEHb TEIJIOOOMIHHOI TOBEPXi, IPOEKTYBaHHS
IIJIACTMHYACTUX TENI000MiHHMX anapartis ([1TA) Ta Tenn006MiHHUX CUCTEM 3 YPaXyBaHHSM JIOKQJIBHAX
0CO06JIMBOCTEN BILIMBY 3a0pyJHEHHS TIOBEPXHI TEIJIONEPeAayi Ha Terionepeaavy nig 4ac excrutyarauii [TTA.

3acTocyBaHHS IOPOTrOBOi MOZeJIi, JO3BOJISIE 3HAUTH KPUTUYHUI piBeHb 3a0pyHEHb, 1iCJIS IKOTO 3a0pYIHEHHS He



301IbIIYIOTBCS, IO LO3BOJIUTL CTBOPUTH rpadiky ekcruryaTauii [ITA 3 NporHo3yBaHHSIM Iiepiofy poO60OTH MK
OuuIIeHHsM (MiXcepBicHI iHTepBanu). Ha ocHOBI TOporoBoi Mozesti yTBOpeHHs 3a0pygHEHb Y Yaci 6yJio
po3pobeHO MaTeMaTuyHy Mozenb [1TA, cxusbHOro 10 3a6pyIHEHHs, sIKa IpeCTaB/leHa CUCTEMOIO 3BUYaliHUX
IvdepeHLiaTbHYX PiBHSHD. [JeHa MaTeMaTU4Ha MOJENb 103BOJIs€ aHAi3yBaTH NPONYKTUBHICT [ITA B ymoBax
3a6pyIHEHHS [TOBEPXHI TeIIonepeadi i BU3HAYaTy IapaMeTpy MpoLecy B Yaci 3 ypaXyBaHHSIM BILUIUBY reoMeTpii
ropyBaHHS IIJIACTHUH, 10 JO3BOJISIE BUKOPUCTOBYBATH L€l Minxif msis 36inblieHHs pekynepauii tera y I1TA.
HamaraHHs ocSrHyTy 6akaHOro pe3ysbTaTy IPOCTYMM JO0aBaHHIM IIJIaCTUH 3 OJHAaKOBUM KyTOM Haxuiy rodgp o 1o
OCHOBHOTO HAaIPSIMY IIOTOKY, HE IPUBOJUTH 0 6@KaHOTO e(EKTY, TaK SIK B TOM K€ 4ac 30iJIbIIy€eThCS TEIJIOBAN
oIIip BiAKIameHHs i micyis geskoro 4acy poboTH BiH MoKe cTaTu Habarato 6ibll 3Ha4HUM, HiX B [ITA 3 MeHIIUM
YUCJIOM IIJIaCTUH. B po60Ti po3pobseHo ¢izuko-maTeMaTUYHy MOJIeJIb, SIKa BPaXOBye PO3IOi 1apaMeTpiB
IIpolLecy Tensonepenadi B3oBx KaHany [1TA, mo 103BoJisie NPOrHO3YBaTH PO3BUTOK 3a0pYIHEHHS B Yaci B Pi3HUX
MICIISIX TI0 JOBXXWHI KaHaiy. PO3BUTOK LIapy BilK/IaZileHb BPAaXOBYETCSI MOJEJIIO 3a0pyJHEHHS, SKa [TPeICTaBIeHa
PiBHSIHHSM B 6e3po3MipHiil popmi. BigHOCHMI BIIJIMB Pi3HUX YMHHUKIB BPAXOBYETHCS €MITIPUYHUMU
KoediljieHTaMy, Ki MOXYTb OYTH ileHTU(IKOBaHI 3a JaHUMU MOHITOPUHIY TEIJIOBUX i riipaBJiuHAX
xapakrepucTtuk [ITA. Mozesb TakoX [03BOJIsIE€ IEPEN0AUNTH 3MiHy BTPAT TUCKY B [ITA 3 pO3BUTKOM IIapy
BiZIKJIaJIeHH4 i BiATIOBIAHMM 3MEHIIEHHSIM IIOLL] TONEePEYHOTrOo Nepepisy KaHaniB. Ha 0OCHOBI po3risHyTO]
MaTeMaTU4HOI MojieJli IPoBefeHi BUNpoOyBaHHs NpoayKTUBHOCTI [1TA 3 ypaxyBaHHSIM BUHMKHEHHS 3a0pyLHEHHS B
YMOBax /1il040i BUNIApHOi YCTaHOBKU IIyKPOBOT'O 3aBO/ly i TpOaHasi3oBaHi AaHi BUIIPOOyBaHb Ten1006MiHHNKa M15M
3 noiero Tennooominy 93 m2. [lapaMeTpu 3alpOIIOHOBAHOI MaTEMATUYHOI MOJIeJli yTBOPEHHSI 3a0pyqHEHD Oy1n
BM3HAY€Hi Ha OCHOBI JaHMX ITPOMUCJIOBUX BUITPOOYBaHb. PO361’)KHOCTI Mi’K OTpUMaHUMU IaHUMU BUIIPOOYBaHb i
OLIiHEHMMH IO MOJIeJli 3HAYEHHSIMU KOJIUBAIOThCS B MeXax = 8%. Bysio mpoBeieHO pO3paxyHKU [J1s1 3ACTOCYBaHHS
[1TA pyist rapss40ro BOGONOCTaYaHHS. 32 OCHOBY OyJIY B3SITi €KCIIEPMMEHTAJIbHI [aHi 3 JIiTepaTypu i KOTEJIbHOI
CHCTEMHU LIeHTPaJi30BaHOTO TEIJIONIOCTAavYaHHs, sIKa [100yI0BaHa 3a «BiTKPUTOI0» CXeMOl0. EKcriepuMeHTabHi
nocaigkeHHs nposoauimcd 3 [ITA tuny M10B. EMniipuyHi napameTpy 3alIpoOIIOHOBAaHOI MOZEJli yTBOPEHHS
3a0pyIHEHHs OyJIM BU3HAY€Hi METOOM HalMEHIINX KBAIPATiB 32 €KCIIEPUMEHTAIIbHUMU JAHUMU 17151 Pi3HUX
IIBUJIKOCTEN 11OTOKY. [IOPiBHSAHHS IaHUX 171 BCiX €KCIIEPUMEHTIB 3 3arajlbHUMU KoedilieHTamMu Terionepenadi,
PO3paxoBaHUMMU 32 MOJIEJIJII0 II0KAa3aIx PO30iKHICTh pO3paxyHKOBUX i €KCIIEpUMEHTaJIbHUX Pe3yJIbTaTiB + 7%. B
IycepTaliliHiil poboTi IpPefCTaBIeHO PO3PAXYHKY €KCIIEPMMEHTAJIbHOI yCTaHOBKY Ha 6a3i [1TA npu 3acTocyBaHHi B
KOMYHaJIbHOMY TOCIIOJIAPCTBI AJ1s MifirpiBy BOAONPOBigHOI BOIH, IKy 6yJI0 BCTAHOBJIEHO Ha 00'eKTi. Bysa
po3pobiieHa Ta BIPOBaKeHa Ternjaoo6MiHHa cucTeMa Ha 6a3i cyvacHux [1TA pys nigirpiBy Bogu asist notped XBO
IIPOMHUCJIOBOTO HianpueMcTBa. CTBOpeHa MaTeéMaTUYHA MOJIEJIb iHTErpOBaHA B MAKET IIPUKJIAIHUX IIPOTPaM IS
aBTOMAaTuU3alii mpouecy ONTUMaIbHOrO MPOEKTYBAHHS iHINBiyaJIbHUX TEIJIOBUX IIYHKTIB 11 cuctem I'BIL
[IpakTHyHe 3HaY€HHS! OTPMMaHUX Pe3yJbTaTiB AUCepTaLiiHOI po60TH /151 XiMiYHOI ratysi Ta KOMyHaJIbHOTO
roCIIOZlapCTBa M0JIsAra€e B 00IPyHTOBAaHOMY BUOOPi KOHCTPYKLi Ta KOHDIirypaii niacTMH4acTUX TENJI000MiHHUX
arapariB 3 ypaxyBaHHSIM 3a0pyIHEHb TEIJIOOOMIHHOI IOBEPXHi. MeTO[IMKa PO3paxyHKy TEPMIUHOIO ONOpY
3a6pynHeHb B [1TA B31OBX IJIaCTUHU JO3BOJIMTh BPAaXyBaTH L€l YMHHUK HA €Talli IPOeKTYBaHHS TeIJI00OMIHHOTO
00J1aJHAHHS Ta BLOCKOHAJIUTY CUCTEMY eKCIUTyaTalii [il09oro yctaTkyBaHHs. Kilo4oBi cy10Ba: y1aCTUHYACTUN
TeIJIO0OOMIHHNMII anapar, Teryonepenaya, riipasiiyHuil omip, 3a6pygHeHHs TelJI00OMiHHOI I0BEPxHi, MaTeMaTU4YHa

MoJieJb, ANHaMiKa pOCTy 3a6pyJHEHb.

2. The dissertation is devoted to the decision of an actual scientific and practical problem of increase of efficiency
of heat recovery at the industrial enterprises of the chemical industry with use of plate heat exchangers (PHE) of a
collapsible design at the expense of decrease in level of pollution on a heat exchange surface and forecasting their
steady work. The dissertation considers the issues of intensification of heat transfer processes and development of
methods for forecasting heat exchange surface contamination, design of plate heat exchangers and heat exchange
systems taking into account local features of heat transfer surface contamination on heat transfer during PHE
operation. The application of the threshold model allows to find the critical level of pollution, after which the
pollution does not increase, which will create schedules for the operation of PHE with forecasting the period of
operation between cleaning (service intervals). Based on the threshold model of pollution formation over time, a



mathematical model of a plate heat exchanger prone to pollution was developed, which is represented by a system
of ordinary differential equations. The given mathematical model allows to analyze productivity of PHE in the
conditions of pollution of a surface of heat transfer and to define parameters of process in time taking into account
influence of geometry of corrugation of plates that allows using this approach for increase of heat recovery in the
heat exchanger. Attempting to achieve the desired result by simply adding plates with the same angle of
corrugation o to the main direction of flow does not lead to the desired effect, as at the same time increases the
thermal resistance of the deposit and after some time it can become much more significant than in PHE with fewer
plates. The paper develops a physical and mathematical model that takes into account the distribution of heat
transfer process parameters along the PHE channel, which allows predicting the development of pollution over
time in different places along the length of the channel. The development of the sediment layer is taken into
account by the pollution model, which is represented by the equation in dimensionless form. The relative influence
of various factors is taken into account by empirical coefficients that can be identified from the monitoring of
thermal and hydraulic characteristics of PHE. The model also allows predicting the change in pressure losses in
the PHE with the development of the deposition layer and the corresponding decrease in the cross-sectional area
of the channels. On the basis of the considered mathematical model tests of productivity of PHE taking into
account occurrence of pollution in the conditions of the operating evaporating installation of sugar factory are
carried out and data of tests of the M15M heat exchanger with the heat exchange area of 93 m2 are analyzed. The
parameters of the proposed mathematical model of pollution formation were determined on the basis of industrial
test data. Differences between the obtained test data and the values estimated by the model range from + 8%.
Calculations were made for the use of PHE for hot water supply. Experimental data from the literature for the
boiler system of district heating, which is built on an "open" scheme, were taken as a basis. Experimental studies
were performed with PHE type M10B. The empirical parameters of the proposed model of pollution formation
were determined by the method of least squares according to experimental data for different flow rates.
Comparison of data for all experiments with total heat transfer coefficients calculated by the model showed a
discrepancy between the calculated and experimental results + 7%. The dissertation presents the calculations of
the experimental installation on the basis of PHE when used in public utilities for heating tap water, which was
installed at the site. A heat exchange system was developed and implemented on the basis of modern PHE for
water heating for the needs of chemical water purification for industrial enterprise. The created mathematical
model is integrated into a package of applications for automation of process of optimum designing of individual
thermal points for TW systems. The practical significance of the obtained results of the dissertation for the
chemical industry and utilities is a reasonable choice of design and configuration of plate heat exchangers taking
into account the contamination of the heat exchange surface. The method of calculating the thermal resistance of
contaminants in the heat exchanger along the plate will take into account this factor at the design stage of heat
exchange equipment and improve the system of operation of existing equipment. Keywords: plate heat exchanger,
heat transfer, hydraulic resistance, contamination of heat exchange surface, mathematical model, dynamics of
pollution growth.
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