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AHOTAIIA

Mayezopa O.l. ]JlocnmimkeHHS  JOKAIBHHX  OCOOJWMBOCTEH  BIUIUBY
3a0py/IHEHb TEIUIONEPEIaloyoi MOBEPXHI Ha TEIUIoNepeaadyy B IUIACTMHYATUX
tertoooMminHuKax. — KBamidikariiina HaykoBa mparlsl Ha IpaBax PyKOIUCY.

Hucepraiisi Ha 3100yTTS HAyKOBOTO CTymeHS OoKTopa ¢inocodii 3a
cuemanbhicTio 161 — Ximiuni TexHoiorii Ta imkenepis (16 — XimiuHa Ta
Oioimkenepis) — HarionaneHui TEXHIYHUI YHIBEPCUTET «XapKiBCbKUI
NOJIITEXHIYHUM THCTUTYT» MiHIcTepcTBa OCBITH 1 Hayku YKpainu, 2020 p.

Hucepraiiss mojJaHa [0 3aXHMCTy Yy CHELIalli30BaHy BYEHY pajy
AP 64.050.045 B HamioHanbHOMY TEXHIYHOMY YHIBEPCUTETI «XapKIBChKUN
MOJIITEXHIYHUHN THCTUTYTY.

Juceprallisi MPHUCBSYEHA BHUPILIEHHIO aKTyaJbHOI HayKOBO-NPAKTUYHOI
3ajayl  MIABUIIEHHS €(QEKTUBHOCTI peKymepaiii Tella Ha [POMHUCIOBHX
MIIPUEMCTBAX XIMIYHOI TPOMUCIOBOCTI 3 BHUKOPUCTAHHSM TUJIACTUHYACTHX
TEIJIOOOMIHHUX amapaTiB po30ipHOT KOHCTPYKLII 3a paxyHOK I1HTeHcuikaiii
Telja B IMX arapaTax, 3MEHIICHHS pIBHSA 3a0pyJHEHb Ha TEMI00OMIHHIN
MOBEPXHI Ta MPOTHO3YBAHHS iX CTaJIOl POOOTH.

B nuceprarii po3riisiHyTI TUTaHHS 1HTEHCU(IKALll MPOIECIB TEIUIoNnepeaayl
Ta pO3pOOKHM METOJIB MPOTHO3YBaHHS 3a0pyJHEHb TEIIOOOMIHHOI TOBEpXI,
MPOCKTYBAaHHS IJIACTUHYACTHX TEIUIOOOMIHHMX amapariB Ta TEIIO0OMIHHUX
CUCTEM 3 ypaxyBaHHSIM JIOKAJbHUX OCOOJIMBOCTEH BIUIMBY 3a0py/IHEHHS MMOBEPXHI
TeIUIonepeadl Ha Terionepeaady mija yac ekcruryarauii [1TA.

3a pe3yapTaTaMu aHali3y ICHYIOUUX KOHCTPYKIIIM TEIJIO0OOMIHHUX amapaTiB
OyJ10 BUSIBIICHO, 1110 TJIACTUHYACTI TETUIOOOMIHHI anapaTy MaroTh 3HAa4YHI epeBaru
HaJ KOXYXOTpyOHMMHM Ta MalOTh 0araTo TMEpPCHEKTUB BHUKOPUCTAHHS B
IPOMHUCIIOBOCTI. PyX TEmIOHOCIIB B KaHaJlax CKJIAJHOI I€OMETpii, 110 YTBOpPEHI
IUIACTUHAMU 3 TO(pyBaHHSIM, Mae MIABUIICHY TypOymi3aliio, 1 SK HaCIiJIOK,

O1MBIIMI pIBEHb TEIUIOBIAAYl Ta MEHIIY CXWJIBbHICTh JI0 YTBOPEHHS 3a0py/IHEHb


https://mon.gov.ua/storage/app/media/vishcha-osvita/zatverdzeni%20standarty/2020/08/05/161-khimichni-tekhnologii-ta-inzheneriya-magistr.pdf
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Ha TMOBEPXHI BHACIIAOK OUIBIIMX JOTUYHUX HaINpyKeHb Ha cTiHIi. Ilpm anamizi
ICHYIOUMX MiJXOMIB JO OILIHKK 3a0pyJHEHb Ta (PI3UYHUX MPOLECIB yTBOPECHHS
3a0pyaHEeHb, OYJI0 BUSBICHO OCHOBHI YMHHHUKH SIKI CIIPUUMHSIOTH 3a0pYTHEHHS B
IJTACTUHYACTUX TEIUIOOOMIHHUX araparax, BCTAHOBJICHO MEXaHI3M iX YTBOPEHHS,
BHMBUYEHO ICHYIOYl MOJENl Ta MIAXOAW 10 MPOTHO3YBAHHS MPOIECY YTBOPEHHS
3a0pyHEHb Y Yaci Ha TEIUIOOOMIHHIM MOBEpXHI. AHa3 JIITepaTypHUX JHKEpel
MOKa3aB, I0 OCHOBHUM YWHHUKOM, SKMM CHOpUYMHSE 3a0pyJIHEHHS Ha
ternooOMiHHIA noBepxHi [ITA € ocamxeHHS 3BIIIEHUX YAaCTOK Ta YTBOPEHHS
HakuIy. /11 mporHo3yBaHHs TEPMIYHOTO ONOpPY 3a0pyAHEHD y Yaci, 3aCTOCYBaHHs
MOpOroBoi Mojeni, 3anpornoHoBanoi E6eprom Ta IlaHuastoM, 103BoJisie 3HANUTH
TOW KpUTUYHUN PiBEHB 3a0pYAHEHB, MICTS SIKOTO 3a0pyHEHHS HE 30UTBITYIOThCS,
1 103BOJIUTH CcTBOpUTH Tpadiku excruryataiii [ITA 3 mporHosyBaHHSM mepiomy
poOOTH MK OUUIIEHHSAM (MIKCEPBICHI IHTEPBAJIN).

3a3HaveHi icHyro41 (Pi3UKO-MaTeMaTHUdHI MO/l YTBOPEHHS 3a0py/IHEHb Ha
TEMJI000MIHHIA MOBEPXHI Oyl pO3poOJIeH] I KOXKYXOTpyOUacTUX amapatiB 3
KaHaJaMH Kpyriioi popmu, TOMy CTBOPEHHS MaTEMaTHUYHUX MOJIEIEH TETJIOBUX Ta
riipaBmiyHuX TpoueciB 3a0pynHenb y kaHamax I[ITA ckmamnoi dopmu 3
ypaxyBaHHSAM T'€OMETPUYHUX MapameTpiB TEIJIOOOMIHHMX IUIACTUH 1 MPUPOIU
3a0pyJHEHb € aKTyaJbHOIO 3a7auelo, PIIIEHHS SKOi JO03BOJUTH IMPOTHO3YBATU
nuHaMiky — cramoi  pob6otu  IITA. Jlng 1mporo  HEoOXigHO  MPOBECTH
€KCIIEpUMEHTAJIbHI JOCIIKEHHS 3 aHAJII30M CTaHy Lapy 3a0pyAHEeHb y 4Yaci A
PI3HHUX TEIUIOHOCIIB Ta pO3pOOUTH MaTeMaTHYHY MOJIENbh YTBOPEHHS 3a0pyaHEHb
y3/I0BK TETJIOOOMIHHOI ITOBEPXHI.

Ha ocHOBI moporoBoi Mojeni yTBOpPeHHsS 3a0pyAHEHb y uYaci Oylo
pO3pO0ICHO MaTEeMaTU4YHY MOJENb IUTACTHHYACTOTO TETUIOOOMIHHOTO arapary,
CXUJBHOTO /10 3a0pyaHEHHS, sKa TPEACTaBICHAa CHCTEMOIO 3BHYAMHHUX
nudepeHIiaTbHuX piBHSAHB. [IpencraBieHa maTeMaTWyHa MOJIETb JI03BOJISIE
aHamizyBatu npoayktuBHicTh IITA B yMoBax 3a0pyAHEHHS [OBEPXHI
TerJIonepeaayl 1 BU3HAYaTH MapaMeTpu MPOLECy B 4Yacl 3 ypaxyBaHHSIM BIUIUBY

reoMeTpii rodpyBaHHS IJIACTHH, IO JO3BOJSE BUKOPUCTOBYBATH €W MMIAXIT TS
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30UIBIIEHHST peKylepalii Termia Yy TemiooOMiHHOMY amapari. Hamaranzs
JOCATHYTH Oa)XaHOTO pe3yJbTaTy MPOCTUM JIOJaBAHHSM IUIACTUH 3 OJIHAKOBUM
KyTOM Haxuiy rogp S 10 OCHOBHOTO HalpsiMy MOTOKY, B IEBHHX yMOBaX, He
NPUBOAUTH J0 OaKaHOTO €PEeKTy, TaK K B TOW ke 4yac 30UIbLIYEThCS TEIIOBHIM
OMip BIAKIAIEHHS 1 MiCIs ASSIKOTo 4acy poOOTH BiH MOXKE CTaTH Habarato OiibIil
3HayHuM, HDK B IITA 3 MeHmmM unciaoM miacTuH. OIHAK TaKUM 3aXiJ Ha JEIKUH
MPOMIXKOK 4acy Moke 3MeHIIHUTH najiHnHg Tucky B [ITA. Bukopucranus ninactux
3 OUIbII BUCOKUM KYTOM ff MOX€ OyTH KpalldM B YMOBax 3a0pyAHEHHS BOJIOIO,
OCKIJIbKM HaBiTh MpU OUIBII BUCOKOMY TMajiHHI TUCKY B uuctomy IITA, iioro
(mamiHHS TUCKY) 301IBIIEHHS] MOKE OYTH MEHILE, HIXK MPU OUIbII HU3bKOMY KYTI f3
3 PO3BUTKOM BIJKJIAJCHHS, 110 MPU3BOJIUTH JI0 TOTO  MAaJIHHA THCKY IIICIs
nesikoro yacy podotu IITA. V Toii ke yac KUIbKICTh PEKYIIEpOBaHOIO Teria Oye
Ha0arato BHILE MPU 3aCTOCYBaHHI pPO3pOOJEHOI MOJENl HDK MpPU 3BUYANHOMY
JI0J1aBaHHI1 TUTACTHH.

B pob6oti po3pobneHo ¢i3MKO-MaTEMaTUYHY MOJENb, SKa BpPAaXOBYE
PO3IOILT TapaMeTpiB Mpoliecy Teruionepenayl B3noBx kanainy [ITA, 1o n103Bosise
MIPOTHO3YBATU PO3BUTOK 3a0PYJHEHHS B Yacl B PI3HUX MICHAX Y3O0BXK JOBKHHU
KaHaimy. PO3BUTOK Iapy BiAKJIaIEeHb BPaxOBYEThCS MOJCIUIIO 3a0pyIHEHHS, sKa
MpEACTaBIICHa PIBHAHHIM B 0e3po3MipHiii ¢opmi. BigHOCHUII BIIUB PI3HUX
YUHHUKIB BPaXOBYEThCS EMIIPUUYHUMU KOE(QIIIEHTAMHU, SAKI MOXYTb OyTH
11€HTU(IKOBaHI 32 JAHUMHU MOHITOPUHTY TEIJIOBUX 1 FAPABIIYHUX XapAKTEPUCTUK
[ITA. Monenb TakoX J03BOJISIE TependauuTu 3MmiHy BTpar TucKy B IITA 3
PO3BUTKOM IIIapy BiJKJIAJICHHS 1 BIJMOBIIHUM 3MEHILIICHHSIM IUIONI MOMEPEYHOTO
nepepizy KaHaiB.

Ha ocHOBI po3ristHyTOi MaTeMaTWYHOI MOJENi MpPOBEJAeH! BUMPOOYBAHHS
npoayktuBHOCTI I[ITA 3 ypaxyBaHHSAM BHHHKHCHHS 3a0pyJHCHHS B YMOBax
J0401 BUIMAPHOT YCTAaHOBKH I[YKPOBOTO 3aBOJy 1 TpoOaHaIi30BaHi JiaHi
BUNPOOYBAHb.

HocmipkyBanuit [ITA Oysio BCTAaHOBJIEHO HAa 5-THM CTYNIHYACTIM BUTNAPHIN

CTaHlii B mpoleci BUPOOHUITBA OypsSKOBOrO LYKpy. s 3MeHIEeHHS BUTpaTH
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MEPBUHHOI Mapy Ha 3aBOJIl BUKOPHUCTOBYBAJIACS CEpisl MIIrpiBaviB CUPOBUHM JIJIs
HarpiBy PIAKOTO COKY 3 MOYaTKoBOIO Temmeparyporo 98 °C. Illo6 matu HamiiHi
JaHl mpo 3a0pynHEHHS, BUKOHYETHCS MOHITOPHHT €(EeKTHBHOCTI TeIJionepeaayl
[ITA B mepioa MK mpoleaypaMyd OYMIINCHHS TeriooOMiHHMKa M15M 3 momero
TerooOMiny 93 M°. BuTparta pimkoro Coxy, mepemamd THCKY i TeMIeparypu
TEITIOOOMIHHUX IMOTOKIB KOHTPOJIIOBAJIUCSA 3 MOYaTKy poOOTH Ta Oy 310paHi s
tecroBaHoro IITA mporsarom 15 aHIB 3 modaTKy BHPOOHMYHMX POOIT B paMKax
CE30HHOI KammaHii. Butpara piikoro coky 3a 1ieif yac 3MiHtoBasacs 3 71,5 kr/c 1o
76,5 xr/c. CtabuibHUN peXUM poOOTH CriOCTepiraBcst yepe3 96 ToauH 3 MoYaTKy
eKcIuTyararii. Butparu 1 TemnepaTypu MOTOKIB B PI3HHMM 4ac 3 MOMEHTY 3aIlyCKy
JTIO3BOJIMJIA BCTAHOBUTHU O€3p0o3MipHi mapameTpu MmatemaTuaHoi moaeni. [ITA Gys
po3i0paHuil [T MEXaHIYHOro O4YMIIEeHHS uepe3 15 nHiB poboTu, 1 Oynu
JTOCHIKeH1 BIIKJIaJAeHHST 3a0pyaHeHHsA. byno 3a3HadeHo, mo 3 OOKy mapu-
KOHJICHCATy TEIJIO00OMIHHA TJIaCTUHA BUSBUIIACH MIPAKTUYHO yucTOr0. Ha cTopoHi
COKY CHOCTEpIraJIuCh 3HAYHI BIJIKJIaJICHHS 3a0pyAHEHHS, B OCHOBHOMY Y BUIJISIAI
Hakumy. Takox Oyiu MpUCYTHI TBEPAl YaCTUHKHU 1 BOJIOKHA CUPOBUHU. OCKUIBKU
3a0py/HEHHS] 1 WOro TEepMIYHUK omip 3 OOKYy TEIJIOHOCIS Oyiu MPaKTUIHO
BIICYTHI, TO JJjIsi TOOYJIOBM MOJI€JII BpPAaXOBYBaBCA JIMILE TEPMIUYHHUM OIIip
3a0pyIHEHHS 31 CTOPOHH COKY.

[TapameTpu 3anpONOHOBAHOT MAaTEMaTUYHOI MOJEI YTBOPEHHS 3a0pyAHEHb
OyiM BHU3HAYEHI HA OCHOBI JAHMX MPOMMCIOBUX BHUIPOOYBaHb. PO301KHOCTI MiX
OTPUMaHUMH JIAHUMH BUINPOOYBaHb 1 OIHEHUMU 1O MOJENl 3HAYCHHSIMH
KOJIUBAIOThCS B Mexax + 8%. Mojenb OIiHIOE PICT MIapy BiAKIAJEHb B MPOIEC]
HarpiBaHHS OYHUIIEHOTO PIJKOrO COKY B IUIACTHHYACTOMY TEIJIOOOMIHHUKY. Jliis
3aCTOCYBaHHS MOJIET B PI3HUX YMOBax HEOOX1THI IaHI MOHITOPUHTY BUHUKHEHHS
3a0pyJHEHHS Ta BH3HAYCHHA Horo mapaMerpiB. SIK TMOKa3aB MpPHUKIA,
3aCTOCYBaHHS JAaHOI MOJIEl MOKE 3HAYHO 30UIBIIUTH MEPIOAN MK OUUIIICHHIMUA
[ITA 6inbIn HIXK B JBa pa3, a came J0 Yacy MNPOBEACHHS IUIAHOBHX PEMOHTIB

BCHOI'O MIJMPUEMCTBA MK Ce€30HaMH poOoTu. Taka pPeKOHCTPYKIs JA03BOJISE
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1ICTOTHO MIJABUIIUTH €(PEKTUBHICThH TEIUJIONEpeaayl 1 piBeHb peKyIiepallii Termia Ha
3aBO/II 32 paxyHOK MpocToi Moaudikarii icayrogoro [1TA.

byno mnpoBeneno pospaxyHkum mns 3acrocyBaHHs I[ITA gns rapsqoro
BojonoctayanHs (I'BII). Ha ocHOBI ekcriepuMeHTaIbHUX JaHUX 13 JTITEpaTypu s
KOTEJIbHOT CHCTEMH IEHTPaJi30BaHOTO TEIJIONOCTavyaHHs, SKa MOoOyJoBaHa 3a
«BIAKPUTOIO» CXeMoro, Je rapsya Boja aisi norped ['BII Geperbcst 3 KOHTYpy
paaiaTopHOTO onajeHHs. Taka cucTeMa BUMarae HarpiBaTH BEJIMKI OOCATH MPiCHOT
Boau 1o temneparypu 60-70 °C abo HaBiTh Bulle. [Ipu 3acTocyBaHH1 poO3IIISIHYTOT
CXEMH XapaKTepHE MIBUJIKE 3a0pyTHEHHS TETIO0OOMIHHOI MOBEPXHI, IO IIHHE IS
BHUBYEHHS SIBUIL POCTY 3a0pyIHEHHS y 4aci. ExcrepuMeHTanbH1 AOCIHIHKEHHS
nposoguiucs 3 [ITA tumy M10B BupoOnunrBa Anwsda JlaBanb. Temmneparypa
XOJIOAHOT BOJM Ha BXO1 BapitoBamacs Big 7,9 mo 9,5 °C, 1 ii narpiBamu 10 59 +
61,5 °C 3a 1O0MOMOroO TEIUIOHOCIA Yy BHIVISIAL TapA4doi BOAM, MHPU LBOMY
TeMIlepaTypa TEIUIOHOCIS MOCTYNoOBO TMifBuiyBanacs Big 74 mo 98 °C, mob
NiATpUMYBaTH HeoOxigHy Temmepatypy I'BII, mo Mipt 3poctranHs wmapy
3a0pyaHeHHs. Y po3poOseHid Mojenl reoMeTpyuyHi napamerpu ractuau M10B
Oynu OoTpuUMaHI NUISIXOM 3aMmipy reoMeTpli cepiiinoi tiactunu: f = 60°, y = 0,56,
BUCOTa KaHalny — 2,93 MMm. Emnipuyni napaMeTpu 3ampoOIrOHOBAHOI MoOJeNi
YTBOPEHHsI 3a0pynHEHHs OyiyM BU3HAUEHI METOJOM HAMMEHIIMX KBaJpaTiB 3a
EKCIIEPUMEHTAJIbHUMU JaHUMHU JJI PI3HUX IMIBUAKOCTEW MOTOKY. I[lopiBHSHHS
JAHUX JJI BCIX EKCHEPUMEHTIB 3 3arajbHUMHU Koe(dillleHTaMHu Teruionepeaaul,
pO3paxoOBaHMMH 32 MOJEIUII0 TOKa3aldu PO301KHICTE PO3PAXyHKOBUX 1
eKCTIEpUMEHTAILHUX pe3yiabTaTiB £ 7%. L{e miarBepakye J0CTOBIPHICTh MOJIENI Ta
il 3MaTHICTh MPOTHO3YBAaTH MOBeAIHKY 3a0pyaHeHHs [ITA B pocnimkyBaHOMY
Jiana3oHi MIBUKOCTEN MOTOKY 1 TEMITepaTyp.

[Tpu 3actocyBanHi [ITA y mpoMHCIIOBOCTI HaBaXKJIMBIIIUM 3aBJIaHHSIM TIPU
MPOCKTYBaHHI € 3a0€3MeUYCHHs] MOKIIMBOCT] MIBUIKUX PI3HOMAaHITHUX PO3PAXYHKIB
TEMJI000MIHHUX anapaTiB AJisl pI3HUX YMOB BUKOPUCTaHHS (3a NepenajoM THCKY B
anapatax Ta (I3UYHUX BIIACTUBOCTAX TEIJIOHOCIIB) 3 BH3HAYEHHSM BapTOCTI

KaliTaJbHUX BKJIQJAC€Hb 1 TMOMAJbIIMX eKCIUTyaTaliiHux BuTpar. OcTaHHA



6

oOcTaBHHA JI03BOJISIE, L€ HA CTAJli MPOEKTYBaHHs, BUOpATH ONTUMAIBLHUN BaplaHT
13 CITIIBBITHOIIICHHS KaITiTaJbHI/€KCITyaTaIliiHI BUTPATH.

B nucepraniiiniii poOOTI MpenCTaBICHO PO3PaXyHKH EKCHEPHUMEHTAIbHOI
yctaHoBkd Ha 6a31 I[ITA mpu 3acTocyBaHHI B KOMYHaJbHOMY TOCHOJAPCTBI JJIs
HigirpiBy BoJompoBimHOiI Boau misa cuctemu ['BIl mmaBampHOro Oaceiiny, sKy
OyJs10 BCTaHOBJIEHO Ha 00’ekTi. byna po3pobiieHa Ta BIpoBaKeHa TEINIOOOMIHHA
cuctema Ha 0a3i cydyacHux [ITA mns migirpiBy piukoBoi Boau aiig notped XBO
TELl npomucnoBoro mianpueMcrBa. CTBopeHa MaTeMaTH4YHA MOJEIb SKa
BUKOPUCTOBYETHCS [IJISi ONTUMAJILHOTO MPOEKTYBAaHHS 1HJIMBIIYaTbHUX TEIJIOBHUX
nyHkTiB Ayig I'BIl B makeTi mpukiIagHUX OporpaMm Juisi aBTOMaTtu3allli Mporecy
npoektyBaHHs. [linGip TITA nns cucrem omanenns i1 I'BII 3miiicHioeThcst Mo
napajieNibHId, JBOCTYNEHEBIA 3MilIaHIi 1 MOCHIJIOBHIM CXeMaX Ta BpaxoBYE
YTBOPEHHS 3a0pyAHEHb Y Yacl.

[IpakTuuHe 3HAaYEHHS OTPUMAHUX PE3YJbTATIB JAUCEPTAIAHOT pOOOTU IS
XIMIYHOI Taidy3l Ta KOMYHQJIBHOTO TOCHOJApCTBa IMOJSTa€ B OOIPYHTOBAHOMY
BUOOP1 KOHCTPYKIIi Ta KOH(Irypauii miacTUHYACTUX TEIJIOOOMIHHHUX arapariB 3
ypaxyBaHHSAM 3a0py/IHEHb TEIUIOOOMIHHOI TMOBEpXHi. MeTonuka po3paxyHKy
TEPMIYHOTO OMOpPYy 3a0pyAHEHb B TEMJIOOOMIHHOMY amapaTi B3JOBX IJIACTUHU
JI03BOJIUTh BpaxyBaTH II€M YMHHUK Ha €Talll MPOEKTYyBaHHS TEIJIO0OMIHHOTO

oOJnaiHaHHS Ta BAOCKOHAJIUTH CUCTEMY €KCIUTyaTallii IIF0U0ro yCTaTKyBaHHS.

Kniouosi cnosa: nnacTMHYACTHI TEIUIOOOMIHHUM amapar, Teruionepenaya,
riipaBiiyHuM omip, 3a0pyIHEHHS TEIJI000MIHHOT TOBEPXHI, MATEMaTUYHA MOJIETb,

JMHAMIKa poCTy 3a0py/IHEHb.
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ABSTRACT

Matsegora O.I. Investigation of local features of the influence of heat
transfer surface contaminants on heat transfer in plate heat exchangers. —
Qualifying scientific work as a manuscript.

Thesis for the Degree of Candidate of Technical sciences (PhD degree) in
specialty 161 — Chemical Technology and Engineering (16 — Chemical and
bioengineering) — National Technical University «Kharkiv Polytechnic Institute»
of Ministry of Education and Science of Ukraine, 2020.

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 of a
collapsible design due to intensification of heat in these devices, reduction 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 effect on heat
transfer during PHE operation.

According to the results of the analysis of existing designs of heat
exchangers, it was found that plate heat exchangers have advantages over shell and
tube and have many prospects for use in industry. The movement of heat carriers in
the channels of complex geometry formed by corrugated plates has increased
turbulence, and as a consequence, a higher level of heat transfer and less tendency
to the formation of contaminants on the surface due to greater tangential stresses
on the wall. When analyzing the existing approaches to the assessment of pollution
and physical processes of pollution, the main factors causing pollution in plate heat
exchangers were identified, the mechanism of their formation was established,
existing models and approaches to forecasting the process of pollution on the heat

exchange surface were studied. Analysis of the literature has shown that the main
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factor that causes contamination on the heat exchange surface of PHE is the
deposition of suspended particles and the formation of scale. To predict the thermal
resistance of contaminants during the application of the threshold model proposed
by Ebert and Panchayat, it is possible to find some critical level of pollution, after
which the pollution does not increase, and will create PHE operation schedules
with forecasting the period between cleaning.

These existing physical and mathematical models of contamination on the
heat exchange surface were developed for shell-and-tube devices and channels of
circular geometry, so the creation of mathematical models of thermal and hydraulic
processes taking into account contaminants in PHE channels of complex shape,
which will predict the dynamics of their work. For this purpose it is necessary to
carry out experimental researches with the analysis of a condition of a layer of
pollution in time for various heat carriers and to develop mathematical model of
formation of pollution along a heat exchange surface.

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 presented
mathematical model allows to analyze the performance of PHE in terms of
contamination on the heat transfer surface and to determine the process parameters
over time taking into account the influence of the geometry of corrugation plates,
which allows using this approach to increase heat recovery in the heat exchanger.
If this is done by simply adding plates with the same angle of corrugation /5 to the
main direction of flow under certain conditions, it does not lead to the desired
effect, as at the same time increases the thermal resistance of the deposit and after
some time can become much more significant than in PHE with fewer plates.
However, such a measure can reduce the pressure drop in the PHE. The use of
plates with a higher £ may be better in conditions of water contamination, because
even with a higher pressure drop in pure PHE, its increase may be less than at a

lower angle g with the development of deposits, which leads to the same pressure
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drop after some working time of PHE. At the same time, the amount of recovered
heat can be much higher when using the developed model.

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 sediments is taken into
account by the pollution model 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
drop 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 test data are analyzed.
The studied PHE was installed at a 5-stage evaporator station in the process of beet
sugar production. To reduce the consumption of primary steam at the plant, a series
of raw material heaters was used to heat liquid juice with an initial temperature of
98 °C. In order to have reliable data on pollution, the efficiency of heat transfer of
PHE is monitored in the period between cleaning procedures for the heat
exchanger M15M with a heat transfer area of 93 m% Liquid juice consumption,
pressure drops and heat exchange temperature were monitored from the beginning
of the work and were collected for the test PHE within 15 days from the beginning
of the factory work as part of the seasonal campaign. The consumption of liquid
juice during this time varied from 71.5 kg/s to 76.5 kg/s. Stabilized working
conditions were observed 96 hours after the start of operation. Flow rates and flow
temperatures at different times since launch have made it possible to establish
dimensionless parameters of the mathematical model. PHE was disassembled for
mechanical cleaning after 15 days of operation, and contamination deposits were

investigated. It was noted that the condensate plate is almost clean. On the juice
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side there are significant deposits of contamination, mainly in the form of scale.
Solid particles and fibers are also present. Since there is almost no clogging on the
condensate side, the thermal resistance of the contamination on the juice side was
used to form the model.

The parameters of the proposed mathematical model of pollution formation
were determined on the basis of industrial test data. The differences between the
obtained test data and the values estimated by the model are within = 8%. The
model estimates the growth of deposits during the heating of purified liquid juice
in a plate heat exchanger. To apply the direct model in different conditions,
pollution monitoring data are needed to determine its parameters. As the example
showed, the application of this model can significantly increase the periods
between cleanings of PHE, more than twice, until the time of scheduled repairs of
the entire plant between seasons. Such reconstruction allows to significantly
increasing the efficiency of heat transfer and the level of heat recovery at the plant
due to a simple modification of the existing PHE.

Calculations were made for the use of PHE for hot water supply. Based on
experimental data from the literature for the boiler system of district heating (DH),
which is built on an "open" scheme, where hot water from the tap is taken from the
radiator circuit. Such a system requires heating large volumes of fresh water to a
temperature of 60-70 °C or even higher. When applying the considered scheme,
rapid contamination of the heat exchange surface is characteristic, this is valuable
for studying the phenomena of pollution contamination over time. Experimental
studies were performed with PHE type M10B manufactured by Alfa Laval. The
temperature of the cold water at the inlet varied from 7.9 to 9.5 °C, and it was
heated to 59 + 61.5 °C with hot water, while the temperature was gradually raised
from 74 to 98 °C to maintain the required temperature of the cold coolant as
growth of the pollution layer. In the developed model, the geometric parameters of
the plate M10B were obtained by measuring the industrial plate: g = 60°, y = 0.56,
the height of the channel - 2.93 mm. The empirical parameters of the proposed

model of pollution formation were determined by the method of least squares
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according to experimental data for different flow rates. Comparison of data for all
experiments with the total heat transfer coefficients calculated by the model
showed a discrepancy between the calculated and experimental results + 7%. This
confirms the reliability of the model and its ability to predict the behavior of PHE
contamination in the studied range of flow velocities and temperatures.

When using PHE in industry, the most important task in the design is to
ensure the possibility of rapid various calculations of heat exchangers for different
conditions of use (conditions before the pressure drop in the devices and physical
properties of coolants) to determine the cost of capital investment and subsequent
operating costs. The latter circumstance allows at the design stage to choose the
best option from the ratio of capital costs - operating costs.

The dissertation presents calculations of the use of PHE in public utilities for
heating tap water for the hot water supply system (HWS) of the swimming pool,
which was installed on site. A heat exchange system for heating river water for the
needs of chemical water treatment at a thermal power plant was developed and
implemented in industry. The mathematical model is used for optimal design of
individual heating points for HWS and for automation of the design process.
Selection of heat exchangers for heating and HWS is carried out in parallel, two-
stage mixed and sequential schemes and takes into account the formation of
contaminants over time.

The practical significance of the obtained results of the dissertation work for
the chemical industry and public utilities is a reasonable choice of the design 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.
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