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AHOTAIS

Hemipcokuu O.B. Tlpouecu Temnonepenadi mpu (pOpMyBaHHI BiJIKJIaJCHb Ha
poOOUMX TOBEPXHAX PO30IpHUX IUIACTUHYACTUX TEIUIOOOMIHHMX amapariB. —

Kamidikariitna HaykoBa Tpailsi Ha MpaBax PyKOIHCY.

Huceptaiiss Ha 3700yTTS HAyKOBOTO CTYNEHS KaHAUAaTa TEXHIYHHUX HAyK
(moxtopa ¢inocodii) 3a cnemianbHicTIO 05.17.08 «IIpomecu Ta oOmamHaHHS XIMIYHOT
texHosorii» — (16 — Ximiuna Tta OioimkeHepis) — HamioHanbHUH TEeXHIYHUN
yHIBEpCUTET «XapKIBChKUN MOMITEXHIYHUIA 1HCTUTYT» MIiHICTepCTBA OCBITH 1 HAyKU
VYkpainu, 2017 p.

JucepTallisi mojgaHa J0 3aXUCTy y cremianizoBadoi BueHoi paai [ 64.050.05 B
HarmionansHOMy TEXHIYHOMY YHIBEPCUTETI « XapKIBCHbKUI MOMITEXHIYHUMA IHCTUTYT».

B nucepraiii po3riisiHyTI TUTaHHS 1HTEHCU(IKALT Terionepeaayl Ta po3pooKku
METO/I1B ONTUMAIBHOTO MPOEKTYBAHHS PO30IPHUX MIACTUHYACTUX TETNIOOOMIHHMKIB 1
iX cucTteM 3 ypaxyBaHHAM 3a0pyJAHEHHS TIOBEPXHI TeIUIonepeaadyi B TMpoIect
eKCILTyaTallii.

3 aHaizy cTaHy nmuTaHHS 0yi0 3p00JICHO BUCHOBOK, 1110 METOIU MOJICIIFOBAHHSI,
onTHUMI3allii Ta MPOEKTYBaHHS IUIACTUHYACTUX TEIIOOOMIHHHUKIB 3 YpaxXyBaHHIM
NOSIBU BIJKJIaJIeHb B TIpOLIECl eKcIulyaTalli ci1abo BiAOpamnboBaHl 1 BUMAararoTh
NOTTUOJICHUX JOCHIJKEHb 3 YpaXyBaHHSIM T€OMETPUYHHUX MapameTpiB TroppoBaHUX
IJIACTUH 1 Opupoau 3a0pynHeHb. [[ns 3a0e3nedeHHs JOCTOBIPHOCTI BUKOPUCTAHUX
MaTeMaTUYHUX MOJieNiel MOTpiOHa X eKCIepUMEHTalIbHA MepeBipKa.

Jns 3agad XiMIYHOT TEXHOJIOTIi, JI€¢ OCHOBHUMHU 3a0py/HIOBaYaMH € COJIi,
XapaKTepHUM € BiJIKJIAJCHHS 3BaKEHUX YaCTOK 1 BUTMAJaHHS KPUCTAIIYHUX YTBOPEHb.
Tomy y po06OTI 3ampoOnOHOBAaHO MPUNHATU TINMOTE3y, MO0 3a0pyJHEHHS B KaHalax
IUTACTUHYACTUX TEIUIOOOMIHHUX amapariB MalTh aCUMITOTHYHUN XapakTep B yaci.
[Ipn He3MIHHUX yMOBaX MPOTIKAHHS MPOIIECY YTBOPEHHS 3a0py/IHEHb, ACUMITOTUYHI
3HAQYEHHS TEPMIYHOTO ONOpY 3a0pyJHEHb OOCPHEHO MPOIOPIIHHI JTOTHYHOMY

Hanpy>XeHHIO Ha CTiHIi. Ll ocoOnmuBicTh AN KaHAIB IUIACTUHYACTUX PO30IpHUX
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TEMJIOOOMIHHUKIB OJHAKOBA 3a CBOEIO MPHUPOJOI0 1 MOXe OyTH ONHMCaHa TUMH K
CITIBBITHOIIIEHHSMH, SIK 1 JIJIsl IPSIMUX KaHATIB 1 TPYO.

[IpoananizoBaHi €KCIEpMMEHTAJIbHI Ta TEOPETUYHI JaHi JO3BOJWIH 3pOOUTH
BHCHOBOK TIpO TE€, MO0 JUIA OJHAKOBHX YMOB pOOOTH MOXKHA BHBECTH €JIUHY
3aJIEKHICTh MDK TMOYaTKOBUM PIBHEM BIJKJIAJICHb B PO3YMHAX COJIEH KaJbIIO 1
JOTUYHUM HaIpY>KEHHSIM HAa TIOBEPXHI TeIJionepenadi, He3aJIeKHO BIJ TeoMeTpii
PO3IIIIHYTO1 MOBEpXHi. {7 BU3HAYEHHS TEPMIYHOTO OMOPY 3a0pyJHEHb TUIBKH 3a
JAaHUMHU TIPO YHUCTOTY TEIUIOHOCIS 1 MOro XIMIYHUW CKJIaJ, HEOOXiJIHI MOJAJIbIIi
€KCIIEpUMEHTAJIbHI 1 TEOPETUYHI AOCTIIPKEHHS B I[bOMY HAIIPSIMKY.

Brnepmie po3po6ieHo MeTol ONTHMAajIbHOTO MPOEKTYBAaHHS IUIACTUHYACTOTO
TEIUIOOOMIHHHUKA 1 CHCTEMH IIACTHHYACTHX TETUIOOOMIHHHKIB Ha OCHOBI KPHUTEPIIO
NPUBEICHUX BHUTpAT. 3ampONOHOBAHO MAaTEMaTU4YHYy MOJeNb, IO JO3BOJISE
BpPaxOBYBAaTH TMOSBY BIAKIAJCHh HAa MOBEPXHI TEIIOOOMIHY B MpOIECi POOOTH, sKa
BUKOPHUCTOBYETHCS JIUII ONTHUMAJIBHOTO PO3pPaxyHKY IIIACTUHYACTHX PO30ipHHUX
TEMJI0O00OMIHHUKIB 32 KPUTEPIEM MTPUBEICHUX BUTPAT.

[TocTanoBKka 3aB/laHHs ONTHUMI3AIlli 0 MIHIMyMY CYMapHOI IJI0IIi a00 BapTOCTi
BKJIFOYA€ B ce0€ TUIbKM KalliTajlbHI BUTPATH, ITHOPYIOYU NPHU LOMY €KCILTyaTalliiHi
BUTpaTU B Tmpoiieci poOoTu miairpiBauyiB. HuHi, Kol BapTICTh EKCIUTyaTallliiHUX
BUTpAT PI3KO 3pOCia, HE ypaxXyBaHHS iX MOKE MPUBECTU JI0 3HAYHHUX MEPEBUTPAT
KOIITIB B Mpoiieci poOOTH TEIIOOOMIHHUKIB. TakuM YMHOM, 3aBIaHHS PO3PaXyHKY
JBOX 1 OlbIlle amapaTiB, BCTAHOBJICHMX IIOCHIJIOBHO KpIM 3a0e3NeUYeHHsS MIHIMyMY
KamTAJIbHAX BHUTPAT MOBHHHE BKJIIOYATH B ce0€ 1 MIHIMI3AIlIO EKCILTyaTaliiiHmX
Butpatr. lle BuMarae peamizamii miaXodgy 0araTonuIbOBOTO MPOTpamMyBaHHS, IO
BMHKA€ B ce0€ PO3BUTOK TCOPETUYHMX 1 MPAKTHUHMX I1JIXO/IB I10JI0 OOTPYHTYBaHHSI
BUOOPY KPUTEPIIB 1 TOKA3HUKIB EKOHOMIYHOI e(EeKTUBHOCTI MoOJepHi3arii
TEIUI00OMIHHUX cucTeM. o Toro >k HEeOoOXiAHO PO3POOUTH METOJUKY MPU3HAYCHHS
KOe(]iIlleHTIB Bard 1 MaTEeMaTMYHUX METOIB BHPIIICHHS TEXHIKO-EKOHOMIYHHUX
3aBJlaHb B paMKax 0araTOLIJILOBOIO MPOTpPaMyBaHHS 1 BIPOBAIKEHHS JOCTOBIPHUX

MPaKTUYHUX IMOKA3HUKIB €KOHOMIYHOI €(PEKTUBHOCTI peatizallii IpOeKTiB.
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[IpoekTyBaHHs1 200 MoJepHi3allisl CUCTEMH IiIIrpiBaviB ado OXOJIOIKYBadiB €
pIIIEHHSIM 3a7a4l ONTUMI3allli 3 BUKOPUCTAaHHSAM €KOHOMIKO-MaTeMaTHYHOI MoAeT. Y
TaKUX MOJEJSAX MPOEKTYBaHHSA 1 YOpPaBJiHHSA BUpIIIAIbHE 3HAYEHHS Mae BHUOIp
KPUTEPII0 ONTHUMAJIBHOCTI, 1110 JIO3BOJISIE BU3HAYUTH ONTHUMAJIbHE TEXHIYHE PIIICHHS.
s chopmynpoBaHa 3a/aya 3HAYHO YCKIAAHIOETHCS TIPH MOSABI 3a0pyAHEHb MOBEPXHI
TEM00OMIHY y 4aci. PimenHs Takoi 3amadli moTpeOye HasSBHICTh 3aKOHY
nependaYeHHsT BEJIMYMHM 3a0pyJaHEHb. [0JIOBHOIO OCOOJUBICTIO MependadyeHHs
3a0pyIHEHb, € TE, 110 JOTUYHE HANPY>KCHHS CTIHKHA 00YHCITIOETHCS Ha OCHOBI (hopmy
JUIsl KoedilieHTa TepTs Ha OCHOBHOMY ro)pOBaHOMY IOJII KaHaTy IJIACTUHYACTOrO
TEMJI000MIHHUKA. J[J1 BUKOPHUCTAaHHSI 1bOTO BUpa3ly I1HXEHEPY HEOOXIHO 3HATU
TITBKM TEOMETPUYHI TIapamMeTpu OCHOBHOTO rod)poOBaHOrO TMOJS TUIACTUHU — KYT

Haxwiy rodpu 10 MO3J0BXKHBOI OCI TUIACTUHU [3 1 CIHIBBIAHOIICHHS T€OMETPUYHHIX
po3MmipiB TOppyBaHHA Y , SAKI MOXHA BHUMIPSATH Ha peajlbHUX IUIACTHHAX.

[IpeacraBnena y poOOTI MareMaruyHa MOJENb JI03BOJISIE BHU3HAYUTH BIUIMB
reOMETPUYHUX TMapaMeTpiB IUIACTUHU Ha PoOO0Yl XapaKTEPUCTHUKU IUIACTUHYACTOTO
TEMJI000MIHHUKA.

OTpuMaHO HOBI E€KCIEPUMEHTAIbHI pe3ybTaTH IO 3a0pYyJHEHHIO TOBEPXHI
TEeruIonepeaayl Ipyu HarpiBaHH1 COJIbOBUX PO34MHIB BoJM. [TokazaHo, 110 NpUCYTHICTD
TypOyJi3yl0UMX €JIEeMEHTIB Ha MOBEPXHI 3HAYHO 3HUXKYE IHTEHCUBHICTH YTBOPEHHS
BiKJIageHb. Ha mpamoroyomMy I[yKpOBOMY 3aBOJl, NPOTATOM JIBOX CE30HIB
LYKpOBapiHHs, OYB MPOBEIEHUIA MOHITOPUHI pOOOTH 4-X MOCIIAOBHO BCTAHOBJICHHX
PO30IpHUX TUTACTMHYACTUX TEIUIOOOMIHHMKIB. 3 aHaji3y OJIepKaHHX JaHuX OyJo
3p00JIEHO BUCHOBOK, 1110 OJIHUM 3 HaMOUIbII BaXJIMBUX (DAKTOpPIB, IO BIUIMBAIOTH Ha
IHTEHCUBHICTh 3a0pyJHEHb, € KOHIIEHTpaIlis 3a0pyAHIOIYUX PEYOBUH B PO3UHHI.
3HaueHHs ONOpY BIJKJIAJACHb BIJHOCHO IIBHJKO MEPEXOAUTH O ACHUMITOTHYHOTO
3HadyeHHs. [Ipoiiec yTBOpeHHs BiAKIaJACHb MNPOTIKAE I1HTEHCUBHINIE MpU OUIBII
BUCOKIM TeMriepaTypi NoBepxHi. Po3mopgin TemmepaTypu MHOBEpXHI NaTpyOKa, IO
HArpiBa€ThCsl B EKCIEPUMEHTANbHIM YCTAaHOBIIl BHINE IMOCEPEIMHI 1 3HUKYETHCS 3

HaOJMKEHHSIM J0 KpaiB.
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dopmyBaHHS 1IApy BIAKIAAEHb B IJIACTUHYACTUX IMiAIrpiBayax BiAOYBAa€eThCS B
yMOBaxX 1HTEHCHBHOTO TiIPOJUHAMIYHOTO BIUIMBY TMOTOKY. (OCHOBHa 4YacTUHA
BIJIKJIQZICHb YTBOPIOETbCS B IMOYATKOBUM Tmepiof (Iicist AEIKOro uacy poOoTu
obnagHanHs). OCHOBY BiAKJIaJeHb Ha TIOBEpXHI HarpiBaHHsS MiAIrpiBaviB
caTypaliiHOTO COKy 1 TIIITpiBav4iB TMepe]l BUMAPHOI CTAHINEK CKJIAJaI0Th
KpUCTaJIIYH1 YTBOPEHHS KapOOHATy KaJblIlil0, TINC, KPEMHE3EM 1 OpTaHiuHI PEUOBUHHU.
Cnemnudika yTBOPEHHsSI KPUCTAIIYHUX BIAKIAJE€Hb HAa TOBEPXHI TeIonepeaayl
MJIACTUHYACTUX TEIUIOOOMIHHHKIB TIOJISATAE€ B TOMY, IO CKJIQJHUN XapakTep MOTOKY,
mo 3abe3nedyye BUCOKY CTYIIHb TypOyimizaiii, TpU3BOAWTH JO ICHYBaHHS 30H 3
BHCOKOIO 1 HU3bKOIO IIBUJKICTIO. 30HH 3HUKEHOI MIBUIAKOCTI MalOTh MICIE Y TOUYOK
KOHTaKTy CyMIKHUX IJIACTHUH a00 y KpaiB IJIACTUHM, 1 € IIEHTPaAMHU KpUCTaTI3aIlli.

Ha noBepxH1 Teruionepenaul BIAKIAAEHHS (POPMYIOTHCS Y BHUIJISAI MOPUCTOTO
«KOpXkKay, 1o Mae GopMy KaHamiB. SIKICHHI CKJaj BIIKJIAJAEHb TOCUTh OJM3BKUM 10
KJIACUYHOTI'O CKJIaJy, OMMCAHOro B JiTepaTypl. Ha moBepxHi MiaacTUH 1 po3NOAUIBHOL
JOUISTHKA TPUCYTHICTh >KOPCTKOTO HAKUIY HE IOMIYEHO. Bcl BiAKIaleHHA Ipu
PO3KPUTTI TEIJIOOOMIHHUKIB JIETKO BUJAISIOTHCSA MEXaHIYHO 1 3MHUBAIOTHCS BOJOIO.
3a0pyIHEHHS MO CTOPOHI Mapu BiACYTHI. 3 MOHITOPHHI'Y POOOTH amapaTiB MO>KHa
3pOOUTH BUCHOBKHM, IO 3YMHUHKA TEIUIOOOMIHHUKIB HAa YHWINEHHS MPOBOJUTHCS IO
JIOCSITHEHHIO BTpAT TUCKY B arapaTi KpUTUYHOI mo3Hauku. KpiM Toro, HanOUIbII
3a0pyIHIOETHCS TEPITNH MO X0y HarpiBy coky amapart (3 pas3u 3a 130 gaiB poboTH),
Janl 2-# — ojHa 4MCTKa; migirpiBadi 3-1o 1 4-ro CTyIEHs MPOTITOM yChOTO TMEPIoy
eKCIUTyaTallii He YHUCTWINCS. 3a0pyIHEHHS, TOJOBHMM YWHOM, YTBOPIOIOTHCS Ha
PO3MOJUIBbHIM YacTUHI MJACTMH 1 B KOJIEKTOpax, 1 CKIAJAIOThCS 13 3aUIIKIB
NPOJYKTIB TEPEepoOOKHM 1 YACTKOBO COJIeH, MalOTh MYXKy CTPYKTYpY, JIETKO
BUJIAJISTIOTHCS TIPY YMIIICHHI 3 pO30UpaHHSIM arapary.

B po6oti po3pobieHa Ta 3ampornoHOBaHAa HAayKOBO OOIPYHTOBaHA METOJMKA
PEKOHCTPYKIIi CHUCTEM MIJIrpiBayiB MUIAXOM 3aMiHU KOXYXOTPYOHHUX amapaTiB Ha
iacTuHyacTi. MojepHizalia BKIOYaE B cebe OLIHKY eHeproeeKTUBHOCTI
BUKOPHUCTAHHS €HEprii MeTOAOM IMHY-aHali3y BHUIIAPHOI CTaHIli B LUIOMY 1

BIJIIUIEHHS IOTIEPEAHBOTO HArpiBY COKY, /i€ BCTAHOBJICH] IUIACTUHYACTI MIIrpiBayi.
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[IpoexkTyBaHHsI a00 PEKOHCTPYKIII CHUCTEM IUIACTUHYACTUX TEMIO0OOMIHHUX
arapaTiB MOBHUHHI BKJIIOYATH HE TUIBKHM PO3PAXyHOK TEIJIOOOMIHHUX arapariB, IO
BXOJSITh B CHCTEMY, ajié i OLIHKY 3arajbHOi €HEeproe(eKTUBHOCTI CUCTEMH 1
KOPEKTHY OI[IHKY TiJpaBiIi4YHOr0 OMNOPY 3 ypaxyBaHHSAM 3a0pyJHEHb B MpOIEC]
excrutyatarii. OIiHKy eHeproeeKkTUBHOCTI BHUPOOHMUYOTO O00'€eKTa B  IIJIOMY
PEKOMEHIYEThCSI TIPOBOJIUTA 3 BUKOPHCTAHHIM METOAY MiHY-aHAI3y, MICIS YOro
3IIMCHIOETHCSI ONTHMAJIBHE MPOCKTYBAaHHS CUCTEMH TUTACTHHYACTUX TEILTOOOMIHHHMX
amapartiB 3a KpuTepieM mnpuBeneHux ButTpaT. [lepeBipky MpPOEKTHUX pO3paxyHKIB
TEIJIOOOMIHHUKIB ~ HEOOXIIHO  MPOBOJUTHCA 3  YpaxXyBaHHAM  3a0pyJHEHHS
TEMJI000OMIHHMX TOBEPXOHb y Yaci, MPOTHO3YBAHHS Mpale3JaTHOCTI MO 3aJaHOMY
KpUTEPII0 ONTUMAJILHOCTI, BU3HAYEHHS TEPMIHIB IUIAHOBUX 3YIHUHOK HA YHUCTKY
anapatiB. [Ipu HEOOX1THOCTI IPOBOAUTHLCA MOJAEPHI3allisi HACOCHOTO 1 JOMOMIXKHOTO
oOnaHaHHS HA OCHOBI MPOTHO3HUX PO3PAXYHKIB MO 3a0py/THEHHIO.

B pamkax 3ampomoHOBaHOi MaTeMaTHYHOI MOJENi OTPUMaB MOAAIBIIHMA
PO3BUTOK TIAXiJ JO OI[IHKKM AaCUMIITOTUYHOTO XapakTepy IMOSBU BIJKIA/ICHb.
[Ipeacrasnena ioro (izuko-mMaTeMaTHyHa MOJEIb, sika Oyya pealizoBaHa B MPOIEC]
MPOEKTYBaHHS CUCTEMHU MIJITPiBayiB MPAIIOI0YOro IYKpoOBOro 3aBoay. Ha ocHoBI
MPEACTABICHUX MOJENEeH 1 METOJIB ONTUMAJILHOTO MPOEKTYBaHHS PO30IpHUX
MJIACTUHYACTUX TEIJIOOOMIHHUX amapariB CTBOPEHO MaTeMaTUyHe 3a0e3MeUeHHs st
BHOOPY THITY 1 pO3paxyHKy MOBEPXHI TeIUIoNepeadl TeIIO0OMIHHHKIB 32 KPUTEPIEM
MPUBEJCHUX BUTPAT 3 YpaXyBaHHIM MOSIBU BIJKJIAJEHb B MIPOLIEC] €KCIUTyaTaIlli.

[IpoBemeHni  po3paxyHKH  TOKa3aldW  MpalEe3aTHICTh  BCTAHOBIIEHOTO
MJIACTUHYACTOTO OOJagHAHHS TIPOTATOM JEKUIBKOX CE30HIB eKCIUTyaTallli, 1o
MIATBEPAKEHO aKTaMU BIPOBAKEHHS MPEACTABICHOI TeOPii Ha CTa/lli MPOEKTYBAHHS.
PesynbpraramMu HaTYpHHX CIOCTEPEKEHB 1 PO3PaxXyHKIB MOKA3aHO, 110 3a0pyIHEHHS B
KaHaJIax TMJIACTUHYACTUX TEMJIOOOMIHHUKIB MalOTh aCUMIITOTUYHHUM XapakTep B yacl.
[Ipu HE3MIHHUX YMOBax MPOTIKAHHS MPOLIECY YTBOPEHHS 3a0pyHEHb, ACUMITOTUYHI
3HaYEHHS TEPMIYHOTO OMOpy 3a0pylHEHb OOEpHEHO NPOMOPLINHHI JOTUYHOMY
HanpyXeHHIO Ha cTiHmi. IIpeactaBireHa MaremMaThyHa MOJEIb JA€ MOXKIMBICTD

MPOrHO3YBaTU TEPMIYHHUM Omip 3a0pydHEHb ISl MEXaHi3MIB (POPMYBaHHS HAKHITY 1
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OCa/UKEHHsI 3BaXEHMX YACTOK IPHU PI3HUX IMIBUJIKOCTSAX IOTOKY 1 TeMIeparypax
MMOBEPXHI CTIHKHU.

Knwouosi cnosa: mnacTUHYACTUM TEIUIOOOMIHHUM — amapat, 3a0pyAHEHHS
MOBEpPXHI  TEIUloNepeaayi,  MPUBENECHI  BUTpPATH,  PO3PAXYHOK  CHUCTEMU

TETJI000MIHHUKIB, EHEPTrO30epeKeHHS.
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The thesis is dedicated the problems of heat transfer intensification and
development of optimal design methods of gasketed plate heat exchangers and their
systems with take into consideration the heat surface foiling during operation.

From the analysis of the state of the question it was concluded that the methods
of modeling, optimization and design of plate heat exchangers, taking into account the
appearance of deposits during the operation, are poorly worked out and require in-
depth studies taking into account the geometric parameters of the corrugated plates
and the nature of the contaminants. To ensure the reliability of the used mathematical
models, their experimental verification is required.

For problems of chemical technology, where the main pollutants are salts, it is
characteristic of the deposition of suspended particles and the loss of crystalline
formations. Therefore, the thesis proposes to accept the hypothesis when the
contamination in the channels of plate heat exchangers has asymptotic character in
time. Under the unchanging conditions of the course pollution formation, the
asymptotic values of the thermal resistance of contaminants are inversely proportional
to the tangential stress on the wall. This feature for the channels of plate gasketed heat
exchangers is the same in nature and can be described by the same relations as for

straight channels and pipes.
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The experimental and theoretical data was analyzed and it have made possible
to conclude that for the same conditions of work one can derive a single dependence
between the initial level of deposits in solutions of calcium salts and the tangential
stress on the heat transfer surface, and it’s regardless of the geometry of the considered
surface. To determine the thermal resistance of foulings only according to the purity of
the coolant and its chemical composition, further experimental and theoretical studies
in this direction are needed.

For the first time a method of optimal design of a plate heat exchanger and a
plate heat exchanger system has been developed on the basis of the adjusted cost
criterion. A mathematical model is proposed, which allows taking into account the
appearance of deposits on the heat transfer surface during the work, which is used for
optimal calculation of gasketed heat exchangers on the criterion of adjusted costs.

Setting the optimizing problem as a minimum of total space or cost includes
only capital costs, and it’s ignoring the operating costs during the work of heaters.
Nowadays, when the cost of operating costs has dramatically increase, not taking into
account them can lead to significant over-utilization of the costs in the process
operation of heat exchangers. Thus, the task of calculating two or more units installed
in serious in addition to ensuring a minimum of capital costs should include and
minimize operating costs. This requires implementation of the multi-purpose
programming approach, which includes the development of theoretical and practical
approaches to substantiate the choice of criteria and indicators of economic efficiency
of modernization of heat exchange systems. In addition, it is necessary to develop a
methodology for assigning weight coefficients and mathematical methods for solving
technical and economic problems within the framework of multi-purpose
programming and the introduction of reliable practical indicators of the economic
efficiency of project implementation.

Designing or upgrading of the system of heaters or coolers is the solution to the
optimization problem using the economic-mathematical model. In such models of
design and management, the choice of the optimality criterion is crucial, which allows

us to determine the optimal technical solution. This formulated problem is much more
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complicated when the surface heat transfer fouling in time. The decision of such a task
requires the existence of a law predicting the magnitude of pollution. The main feature
of prediction of pollution is that the shearing stress on the wall is calculated on the
basis of the formulas for the coefficient of friction on the main corrugated field
channel of the plate heat exchanger. To use this expression, an engineer needs to know
only the geometric parameters of the main corrugated plate field — the angle of
inclination of the corrugation to the longitudinal axis of the plate and the ratio of
geometric sizes of corrugation, which can be measured on real plates. The
mathematical model presented in this work allows one to determine the influence of
the geometric parameters of the plate on the performance characteristics of the plate
heat exchanger.

New experimental results for the heat transfer surface fouling in during heating
of saline water solutions have been obtained. It is shown that the presence of turbulent
elements on the surface greatly reduces the intensity of formation of deposits. At the
working sugar factory, during two seasons of sugar refining, the monitoring of the
work of 4 in serious installed gasketed plate heat exchangers was monitored. From the
analysis of the obtained data it was concluded that one of the most important factors
influencing the intensity of fouling is the concentration of pollutants in the solution.
The value of the resistance of the deposits relatively quickly goes to the asymptotic
value. The process of formation of sediments proceeds more intensively at a higher
temperature of the surface. The temperature distributions on the surface of the pipe,
which is heated in the experimental installation, increase in the middle of the pipe, and
decreases to the edges.

Formation of a layer of deposits in plate heaters occurs in conditions of intense
hydrodynamic effect of the flow. The bulk of the deposits are formed in the initial
period (after some time of equipment operation). The basis of the deposits on the
surface of the heating of the heaters of the carbonation juice and heaters in front of the
evaporation station are the crystalline formations of calcium carbonate, gypsum, silica
and organic matter. The specificity of the formation of crystalline deposits on the

surface of the heat transfer of plate heat exchangers lies in the fact that the complex
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nature of the flow, which provides a high degree of turbulence, leads to the existence
of zones with high and low velocity. The zones of reduced velocity take place at the
contact points of adjacent plates or at the edges of the plate, and are centers of
crystallization.

On the surface of the heat transfer deposits are formed in the form of porous
"cake", which has the form of channels. The qualitative composition of deposits is
quite close to the classical composition described in the literature. On the surface of
the plates and the distributive part, the presence of hard scale was not observed. All
deposits at the opening of heat exchangers are easily removed mechanically and
washed off with water. Fouling on the steam side is absent. From the monitoring of the
operation of the units it can be concluded that the stopping of heat exchangers for
cleaning is carried out in order to achieve pressure drops in the units of the critical
value. In addition, the most contaminated by the first juice heating unit (3 times for
130 days of work), then the 2nd — one cleaning; heaters of the 3rd and 4th degrees
during the whole period of operation have not been cleaned. Fouling are mainly
formed on the distribution part of the plates and in the collectors, and consist of
residues of products of processing and partially salts, have a loose structure, are easily
removed when cleaning with the disassembly of the apparatus.

In the work, the scientifically grounded method of reconstruction of heaters
systems, by replacing the shell and tubular heat exchangers with PHE ones was
developed and proposed. Modernization includes the assessment of the energy
efficiency of energy use by the method of pinch analysis of the evaporation station in
general and the pre-heating section of the juice, where the plate heaters are installed.

Design and reconstruction of plate heat exchangers should include not only the
calculation of heat exchangers included in the system, but also assessment of the
overall system efficiency and correct assessment of hydraulic resistance based
pollution during the operation. Estimated energy production facility generally
recommended with the use of pinch analysis, after which the optimal system design of
plate heat exchangers criteria for adjusted costs. Checking design calculations

necessary heat made taking into account fouling of heat transfer surfaces in time
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forecasting performance for a given optimality criterion, the timing of planned stops
for cleaning heat exchangers. If necessary, modernization of pumping and auxiliary
equipment is carried out on the basis of the forecast calculations for fouling.

In the framework of the proposed mathematical model, a further development
approach was obtained to evaluate the asymptotic nature of the appearance of deposits.
His physical and mathematical model was presented, which was realized in the
process of designing a system of heaters operating at a sugar factory. Based on
presented models and methods of optimal design of gasketed plate heat exchangers,
the software was provided for selecting the type and calculation of the heat transfer
surface of heat exchangers based on the criterion of adjusted cost taking into account
the appearance of deposits in the process of operation.

The performed calculations showed the performance of the installed plate
equipment during several seasons of operation, which is confirmed by the acts of
implementation of the presented theory at the design stage. The results of field
observations and calculations show that the contamination in the channels of plate heat
exchangers has asymptotic character in time. Under the unchanging conditions of the
course of the formation of fouling, the asymptotic values of the thermal resistance of
deposits are inversely proportional to the tangential stress on the wall. The presented
mathematical model gives an opportunity to predict the thermal resistance of fouling
for the mechanisms of formation of scale and deposition of suspended particles at
different flow velocities and temperatures of the surface of the wall.

Keywords: plate heat exchanger, foiling on heat transfer surface, adjusted cost,

calculation of heat exchangers system, energy saving.
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