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AHOTAIIS

Kycaxoe C.K. JlochimkeHHs TEIUIOBUX 1 MAacOOOMIHHHX IIPOIIECIB MPHU
yTuimizamii  Temia BHUKHAHUX  Ta3iB  MPOMHUCIOBOCTI B IJIACTMHYATHX

TEIJI000MIHHUX anaparax. KpamidikamiitHa HayKoBa mparis Ha IpaBax pyKOIUCY.

Hucepraiisi Ha 3100yTTS HAyKOBOTO CTYIMEHs HoKTopa ¢inocodii 3a
cuemianbhicTio 161 — Ximiuni TexHonorii Ta imxkeHepis. - (16 - Ximiuxa Ta
OloimkeHepiss) — HarloHanbHMII TEXHIYHUNA  YHIBEPCUTET  «XapKiBChKHIA

MOJIITEXHIYHUM THCTUTYT» MiHICTEpCTBA OCBITH 1 HayKu YKpainu, Xapkis, 2020 p.

Jucepraliisi mojaHa 10 3aXUCTy Yy chemianizoBaHoi BueHoi paai Jd
64.050.046. B HamioHanpbHOMY TEXHIYHOMY YHIBEPCUTETI «XapKiBCbKUI

MOJIITEXHIYHUHN THCTUTYT».

Jluceprarisi TIpUCBSYEHA BHUPIMICHHIO aKTyaJdbHOI HayKOBO-TIPAKTUIHOI
3a/layl MiJIBUIICHHS E€HEPreTuyHoi e(EeKTUBHOCTI MIAMPUEMCTB 3a pPaxyHOK
npoliecy yTHIII3alli Teria HU3bKOr0 TEMIEPATypPHOro MOTEHLIAy BUKUAHUX ra3iB
MIPOMUCIIOBUX TIPOIECIB 3 BUKOPUCTAHHSAM IUIACTUHYACTUX TEIIOOOMIHHHUX

anapariB po301pHOT KOHCTPYKIIIi.

[IpoBeaeHO aHAMITUYHUI OIS HAyKOBO-TEXHIYHOI 1H(OpMaIi 11010
MIPOMHCIIOBUX Ta MOHOBIIOBAHUX MPUPOTHUX JKEpPEs TEIIa HU3bKOTO TOTCHITIATY
Ta ocoOnmBocTell ix BukopucTaHHsi. CdopMyTbOBaHO OCHOBHI BHUMOTH JI0
TEMJI000MIHHOTO O0JIaTHAHHS JIs BUKOPUCTAHHS TEIJIa HU3BKOTO MOTEHIANy 1
JIOBEJICHO TMEepeBaru IjIacTUHYATUX TETUIOOOMIHHMX amapaTiB MpH peatizaiii ux
nporieciB.  [IpoananizoBaHo poOOTH 3 METOJaMU PO3PaXYHKY ITUTACTHHYACTUX
TEIUIOOOMIHHUX amapaTiB sl yTHII3alii Teruia Ta30BHX ITOTOKIB Ha OCHOBI
JOCIIKEHHS TEIUIO -Ta MacoBiadi y mapo - ra3oBiid ¢asi, TerioBiaaadi y MBIl
KOHJIGHCATy, TEIUIOBIAAaul y OJHO(pA3HOMY MOTOLIl OXOJOJKYIOUOi CyOCTaHIii,

TiApaBIigYHOTO ONopy ojHO(a3zHOMY Ta ABO(A3HOMY MOTOKY B KaHaJIaX araparis.



Ha 6a3i aHamizy TEOpEeTHYHHX OCHOB IMPOIIECY MMOKA3aHO, IO MOYKIUBOCTI
iHTeHCH(IKaIlli TeII0 -Ta Maco OOMIHHUX TPOIECIB B KaHajaX TUIACTHHYACTUX
TEIUTIOOOMIHHUKIB JTaJIeko HE BHYEpIIaHl Ta MOTpeOyIOTh PO3BUHEHHS IMIXOIIB
MO0 TPOTHO3yBaHHSA pOOOTHM IMX amapariB B yYMOBax OXOJOKCHHS
KOH/ICHCALlIMHUX Ta30BUX IMOTOKIB Ta PO3pOOKH HAIIMHUX Ta TOYHUX METOJIB
ONTUMAJIBHOTO PO3PaXyHKy HAa OCHOBI EKCIIEpUMEHTAIBHHUX Ta TEOPETHUYHUX

I[OCJ'IiI[)KeHB 3 BUKOPUCTAHHAM MGTOI[iB MAaTEMATHUYHOT'O MOACIIFOBAHHA.

HaBenieHO OmMMC EKCIEPUMEHTAILHOTO CTEHIY I JIOCHIKEHHS TIpOoIecy
KOHJIEHCAllli BOASIHOI MapH 13 CyMillll 3 MOBITPSIM Y MOJENSIX TO(pOBAHOTO MO
KaHAJIIB MDK ITUTACTUHAMM IUJIACTUHYACTOTO TeruiooOMiHHMKa. CTEHII J03BOJIsAE
IIPOBEJICHHS €KCIIEPUMEHTIB B JOCTAaTHbOMY JJII BUBYEHHS IMPOLECIB yTHIII3ALll
CKUJHOTO TeIIa Jlana3oHl 3MIHM NapaMeTpiB Hapo - MOBITPSIHOI Cywmimi Ta
OXO0JIOJKYIOUOi BOJU: TeMIiepaTrypa oxojopkyrouoi Bogu 20-95 °C; abconoTHUH
TUCK cyMimn BojsgHoi mapu 3 moBitpsim  0,101-0,42 Mlla; mBUAKICTH
0X0J10,KyI0u0i Boau B kaHanax 0,11-1,1 M/c; macoBa MIBUAKICTh CYMIIIIl ITapu Ta
noBiTps 4—85 F/(MZC); 00’eMHa YacTKa MOBITPS y CyMilIl Ha BXOJMl 0 KaHaly
0,03-0,85. BumiproroThcst TeMrepaTypu MOTOKIB @ TAKOK TUCK HAa BXO1 Ta BUXO/I
3 KaHaJB, PO3XOAM IMOTOKIB, JIOKAJIbHI TEMIIEpaTypu MOTOKIB y IIECTH TOYKaxX
B3/I0BK KaHalB. EKciepuMeHTH MPOBEACHI Ha TPHOX 3pa3Kax MOJENEH KaHaliB 3
OJIHAKOBUM KyTOM Haxuily To(dpiB m0 Hampsmy Teuii 60° Ta pi3HMM IIarom
reOMETPUYHO NoAIOHNX TodpiB: 5; 7,5 Ta 10 MM. 1le M03BONHIIO TOCTITUTH BILIUB
MacmtabHoro (akTopy Ha pO3paxXyHKOBI pPIBHSHHA B yMoBax Tedil
KOHJIEHCAIIHHOTO BO(A3HOTO MOTOKY Y KaHaJIaX CKJIAHOT T€OMETpUYHOi (Hopmu

[JIACTUHYACTUX TEIMIOOOMIHHHUKIB.

Po3po6iieHo MaTemMaTHuHy MOJENb Mpollecy KOHACHCcAalll mapyu 13 cyMilll 3
MOBITPSM Ha TOPPOBAHOMY IOJI1 KaHAIIB IUIACTUHYACTUX TEIJIOOOMIHHUKIB Ta B
eKCMEPUMEHTAIbHUX MOJENAX TO(pPOBAHOrO TMOJS KaHAJIiB BHKOPUCTAHUX B

poboti. MaremaruyHa MOJENb CKIQJA€ThCA 13 CHUCTEMH  OJHOMIPHHX



nudepeHIiiHuX pIBHAHB BIAMOBIIHO J0 JOKaJbHUX OalaHCIB TEIJIa Ta MacH Ha
MaJMX JTUISTHKAX KaHaTiB B3/J0BXK MOBEpXHI Terionepenayi. Cucrema JOMOBHEHA
KOPEJSALIMHUMYI CITIBBITHOIICHHSAMH JIJI1 PO3PaxXyHKY KOe(DIIlE€HTIB TEIUIOB1IIaul
Ta TepTsd y oAHO(a3HOMY MOTOIl B KaHAJIAX IUIACTMHYACTUX TEIJIOOOMIHHUKIB
nocaimkenoi reomerpuuHoi Gopmu rodpyBanHa. KopensimiiiHi CriBBiIHOIIEHHS
JUTSL TETJI0O —Ta MacoOOMIHY, TaK caMO K JUJISi BTpAT THCKY ABOGA3HOr0 MOTOKY,
0a3yloThCA Ha KOpEIAUIAX OJHO(PA3HOIO TOTOKY 3 BHUKOPUCTaHHSIM pI3HUX
TEOPETUYHUX TOJIOKEHb MO BIUIMBY MONEPEYHOTO MOTOKY MAacH JI0 Mepearouoi
TEIUIO TOBEPXHI Ta CTPYKTYPH ABO(A3HOTO MOTOKY B KaHaJl. 3aMUKaIOTh CUCTEMY
pIBHAHb anreOpaiyHi CHIBBIAHOUIEHHS JJI PO3PAXYHKY TEMIEPATypH Ta TUCKY
HACHMYCHHS Tapu 3a YMOB pIBHOBaru ra3oBoi Ta PiIMHHOI (a3, po3paxyHKy
TEII0(13UYHUX BJIACTUBOCTEW KOMIIOHEHTIB Ta CyMIIIEH NPUIMAIOYUX y4acTh B
npoiieci. PimieHHs MateMaTuyHOT MOJIE peali3oBaHe Yy BUIVISIAL MPOTPAMHOTO
3a0€3MeUeHHs] I MEePCOHAIBHOTO KOMIT'IOTEpa 3 BUKOPUCTAHHSAM YHCEIHLHOTO
METOJy KIHIIEBUX pIi3HUIb. PIllIeHHS MOJeNl J03BOJII€ OTPUMATH OCHOBHI
napamMeTpu Tpolecy Ha ToppoBaHOMY TIOJNi B KaHAJIaX I[JIACTUHYACTHX

TEMJI000MIHHUX anapariB Ta MPOCTEXXUTH PO3BUTOK MPOIIECY B3JA0BXK KaHAIIB.

Po3pobneno metoauky iaeHTHdIKAIT TapaMeTpiB PIBHSIHD JIJIS PO3PAXYHKY
JOKaNbHUX KOE(QILIEHTIB MAacoBladl, TEIJIOBIAAAa4l Ta BTpAT THCKY B
nBodazHOMY TMOTOII Ha 0a3l CTATUCTUYHOTO TIOPIBHSIHHS — PE3yJbTaTiB
MaTEeMaTUYHOTO MOJICIOBAaHHS 1HTErpaJIbHUX XapaKTEpUCTUK Ipolecy Ta ix
3Ha4Y€Hb OTPUMAHUX B EKCIEPUMEHTAIBHUX JOCHIDKeHHsIX. Ha ocHOBI 1€l
METOJUKHA OTPUMAHO (HOPMYIy PO3PaxyHKY BIUIUBY MOMNEPEYHOrO MOTOKY MacH
Ha JIOKalbHI KOe(IIEHTH MAacoBiJJadl BpaxOBYIOUY TEOPETUYHY MOJIEIb
3aCTIMHOrO MIapy Ta BIUIMB 3MIHM IIUIBHOCTI TOMEpPEK IMOTOKY 3TiIHO Teopil
TypOYJE€HTHOTO  MPHUKOPJOHHOTO  Iapy 3  BIACMOKTYBaHHSAM.  Takox
pekoMeHI0BaHO (OPMYJTy PO3PaxXyHKY JOKaJbHUX KOE(]IIIEHTIB KOHBEKIIHHOT

TEIUIOBIJZlaul B yMOBax BIUIUBY TOINEPEYHOTO MOTOKYy Macu. [lokazana mocratHs



JUIS pO3paxyHKiB KOHJCHcallli Mapd B MPHUCYTHOCTI HEKOHIIEHCOBAHOTO Ta3y
TOYHICTh PIBHSHHS 3allPOTIOHOBAHOTO Ha 0a31 AMCTIEPCHOI KUTBIIEBOI MOACII TeUil
JUIS  TEPMIYHOTO OMOpY IUTIBKM KOHJEHCAaTy B KaHalaxX IUIACTHHYACTUX

TEII000MIHHUKIB.

Opep>xkaHo pIBHSHHS JJI PO3PAXyHKY BTPAT TUCKY Y ABO(A3HOMY IMOTOII 3
KOH/ICHCALII€I0 TTapOBOT KOMIIOHEHTH IMapora3oBOi CyMilll 3 ypaxyBaHHSIM 3MiHU
CTPYKTYpH ABOGA3HOIO MOTOKY B3J0BX KaHaly. Ha mo4yatkoBuX AUISHKAX KaHATy
CTPYKTypa TOTOKY BIJIMOBIIA€ MOJENII PO3AUIBHOI Tedii (a3 3ampornoHOBaHOT
JlokxapTtom Ta MapTiHesm. 31 3pOCTaHHSIM PO3XOAYy CKOHAEHCOBAHOI pIIKOi (a3u
CTPYKTypa MOTOKY CTa€ OUIbII OJM3BbKOIO IO JUCIEPCHOT KUIBIIEBOT MOACHI TeUii.
BcTaHOBIIEHO TpaHULIO MEPexXoay MDK LHMH pPEKMMaMH 1 3alpOIOHOBaHI
PIBHSIHHS JIJISl pO3PaxyHKY JIOKQIBHUX BTpPAT THCKY y KOKHOMY 3 TaKUX PEKHUMIB.
Opep>kaHe PIBHSHHS JUIsl TUCIIEPCHOI KUTBIIEBOT MOJIEN Teuii BPaxOBY€E TaKOXK
BIJIUB TIOBEPXHEBOTO HATATY PIMHU Y ABO(A3HOMY IOTOIN HA BTPATH THUCKY 3a
paxyHOK BBEIIEHHA 3ajie)HOCTI Bim kputepis Bebepa. Ile mo3Boise
BUKOPUCTOBYBATH 1I€ PIBHSHHA JJI1 KaHANIB 3 OJIHAKOBOIO (popMoOI0 roppyBaHHS

IUIACTHH aJie 3 PI3HUM MacIITaOHUM (PaKTOpoM ropyBaHHS.

Po3pobiieno MareMaTHyHy MOJI€Ib MPOMHCIOBOTO  IJIACTUHYACTOrO
TEITIOOOMIHHMKA IS YTHII3aIlli Teria KOHICHCAIlIMHUX Ta30BUX MMOTOKIB Ha 0a3i
IJIACTUH CepitHOrO BUPOOHUIITBA. Mojenb 0a3yeTbcsi Ha PO3TIIAAl KaHATIB
YTBOPEHHUX MIXK IMJIACTUHAMH SIK CKJIQJIEHHX 13 30H PO3IMO/ALITY MOTOKIB TEINIOHOCIIB
Ha BXOJI Ta BUXOJI Ta OCHOBHOTO rO)pOBaHOTO TOJISL. 3p00JIEHO MPUTTYIIICHHS IO
OCHOBHI MpOLECH TEIUIonepeaadl Ta KOHAEHCAIll Nmapu MNpPOTIKAIOTh HA LbOMY
ro)poBaHOMY TIOJII @ BIUIMB 30H PO3IOALTY MOTOKIB MOXE OYTH BpPaxOBaHO SK
30HU JIOKAJbHOTO TiAPABIIYHOrO oOmopy. Y BHUMNAAKYy ABO(A3HOrO IMOTOKY Ha
BUXOJl 3 TEIJIOOOMIHHMKA HEOOXITHO BBEJCHHS MOMPABKH PO3PAaXOBAHOI IO
METOJy PO3po0JieHOMY MJii OCHOBHOTO rodpoBaHoro mojis kaHamiB. Ha 6a3i

MaTeMaTHYHOI ~ MOZENl  PO3pO0JEHO METOJ  PO3pPaxyHKy IJIACTHHYACTHX



TEITIOOOMIHHHUKIB YTHJII3aIlii Terja BUKHUIHUX Ta30BUX MOTOKIB. MeTo 103BOJIsIE
BECTH PO3pPaxyHOK amapartiB 3 MPOMHKCIOBO BUTOTOBJICHUX IUIACTHH TI0 TAHUM TIPO

iX TEOMETPUYHI PO3MIpPHU Ta XapaKTEPUCTUKH ropyBaHHS Ha IX MOBEPXHI.

Po3po6ieno MeToIMKy ONTUMAaTbHOTO BUKOPUCTAHHS TEIUIa, YTHII30BaHOTO
Bl KOHJICHCAIlIMHUX Ta30BUX TOTOKIB, 3 3aJlydCHHSAM METOJIB 1HTErparlii
TEIJIOBUX TPOIECIB 3aCHOBAHUX HA TEeOpii MHY aHami3y. ['aps4a ckiiagoBa KpuBa
MpoLIeCy B KOHJICHCAIlIMHOMY Ta30BOMY IOTOIl OYJIye€ThCS BPaXOBYIOUH YMOBHU
pIBHOBaru IMapu sK peajbHOro Ta3y Ta YTBOPEHOTO KOHJeHcary. [HTerparis
MPOIIECY OXOJIOJUKEHHS KOHJCHCAIIMHOI ~ Ta30BOi CyMillli 3 TOTOKaMH SIKI
BUKOPHCTOBYIOTh YTHJII30BaHE TEIIO BUKOHYETHCS 3 BCTAHOBJICHHSIM ONTUMAJIbHOT
CTPYKTYPH CUCTEMH TeII00OMIHHMKIB. [loka3zaHO NOLIIBHICTE PO3MOILIY MMOTOKY
KOHJIEHCAIIMHOT ra30BOi CyMillll Ha Ta30By Ta PIAKY YAaCTUHU MICIS TOCATHEHHS
MEBHOTO PIBHS TEMIEpPATypH. 3anponoHOBaHU 1 poO3poOJIeHUH METoA
ONTUMAJBLHOTO BU3HAUYECHHS TOBEPXHI TeEIUIoONepeaayl CUCTEMH BCTAHOBJICHUX
IJIACTUHYACTUX TEIUIOOOMIHHUKIB 3a KPUTEpPIEM TMPUBEIACHUX BUTPAT, SKUUN
JO3BOJISIE peali3yBaTH HAWOUIbIIY TEXHIKO-€KOHOMIYHY €(EeKTHUBHICTH pPOOOTH
cucteMd. MeToa MpOUTIOCTPOBAHO HAa KOHKPETHOMY MPUKIAAl yTHIIi3allii TerJa

rasiB SIKl HAIXOJATh ITICIIS TIPOLIECY CYIIIHHS.

Po3po6ieHo cxeMy yCTaHOBKH JIJIsl YTHJII3aIlli TeTuia BUKUAHUX Ta3iB MiCIIs
MPOIIECY CYIIKU TIOTIOHY Ha TIOTIOHOBIH (abpwuili. BusHaueHO OCHOBHI TOTOKHU Ha
NIJIPUEMCTBI SIKI MOKHAa BHUKOPUCTaTH Il MpUKAOMYy BHiIydeHoro Tteruia. Lle
NOTOKM CHUCTEMH OIAJIOBaHHSA Ta Trapsyoro BOJOMNOCTAYaHHS MiJNPHEMCTBA.
Po3paxoBaHi onTuManbHI TEIUIOOOMIHHI IJIACTUHYACTI amapaTd Ta BUKOHAHO
nialip amapaTtypu JJisi peryjllOBaHHS Mpollecy Ta MOro peanmizaiii B yMoOBax
MPAITIOI0Y0Tr0 BUPOOHUIITBA. Y CTAHOBKY BHUTOTOBJIEHO 1 3MOHTOBAHO Ha IFOYIi
TIOTIOHOBIM (pabpuni. IIpoBeneHo BUNPOOYBaHHS MINOTHOTO IUIACTHHYACTOIO

TEMJI000MIHHUKA YTUIII3aIll] TeI1a BUKUIHUX Ta3iB MPOIECY CYIIIHHS TIOTIOHY.



Onepkani  pe3ynbTaTd  MIATBEPAWUIM  aJCKBATHICTh  PO3pOOJICHOT
MaTEeMaTUYHOI MOJIeJIl Ta TOYHICTh PO3POOJIEHOTO METOAY PO3PaxXyHKY JOCTATHIO
JUIST IH)KEHEPHOTO KOPHUCTYBAaHHS. BHUKOpPUCTaHHS poO3poOJeHOI yTHITI3amiifHOT
YCTAaHOBKH 3 TUIACTUHYATUM TEIJIOOOMIHHUKOM JIO3BOJIMIIO 3aJTy9UTH HA MOTPeOn
omasieHHs mianpueMcTBa Oinbmie 600 kBT TemmoBoi eHeprii, sika 10 TOTO MPOCTO
BUKHJIaJacsl Y HABKOJIMIITHE cepenoBuine. Lle mpusBeno 10 ckopoueHHs 00’€MiB

CIaJI0OBAHOTO MPUPOIHOTO ra3y BUKOPUCTAHOTO JJIsl OMAJICHHS MPUMIIIEHb.

KirouoBi crmoBa: TmuiacTUHYACTUH TETUIOOOMIHHMM amapaT, KOHJICHCAIlls
nmapy, HEKOHJEHCOBAaHWW Ta3, MacoBiJjada, TEIUIOBIAAa4a, BTpaTa THUCKY,
nBoGa3HU TOTIK, MPUBEJCHI BUTPATH, PO3PAXYHOK CHUCTEMHU TEIJIOOOMIHHUKIB,

€HEPro30eperKeHHS.

CHUCOK MYBJIKALINA 3105YBAUA

1.KycakoB C.K. Pa3zpaboTka cucTeMbl YTUIU3AIMK TEIJIa BTOPUYHOTO Tapa
OTIEJEeHUs CYWIKM Tabaka C  HKCIOJb30BaHUEM  3HEProdPQeKTUBHOrO
IJIACTUHYATOTrO TermiooomMeHHoro obopyaoBanus / I'apeB A.O., ToBaXHAHCKUI
JLJL., Kanycrenko I1.A., Apcennena O.I1., Knemern ", Kycakos C.K., AnoxuH II.,
Yyuek JI. / InTerpoBani TexHosorii Ta enepro3oepexxkenns— Xapkis: HTY «XIII»,

2014. - Ned4. — C. 20-25

2. Sergey K.Kusakov The Development of Heat Substation for Drying
Waste Heat Utilization / Andrii O. Gariev, Jifi J. Klemes, Sergey.K.Kusakov,
Leonid L. Tovazhnyansky, Petr Anokhind, Petro O. Kapustenko, Olga P.
Arsenyeva, Lidija Cugek // Chemical Engineering Transactions 2014. — V. 39. — P.
1405-1410.



3. Sergey K.Kusakov The Mathematical Modelling of Fouling Formation
Along PHE Heat Transfer Surface / Petro O. Kapustenko, Olga P. Arsenyeva,
Olexandr 1. Matsegora, Sergey K. Kusakov, Vladimir |. Tovazhnianskyi //
Chemical Engineering Transactions 2017. — V. 61. — P. 247-252.

4. Sergey K.Kusakov Mathematical Model of Plate Heat Exchanger for
Utilisation of Waste Heat from Condensable Gaseous Streams / Petro O.
Kapustenko, Oleksiy V. Demirskiy, Leonid L. Tovazhnyanskyy, Jifi J. Klemes,
Oleksandr A. Vasilenko, Sergiy K. Kusakov, Olga P. Arsenyeva, Alisher E.
Khusanov // Chemical Engineering Transactions 2018. — V. 70. — P. 2059-2054.

5. KycakoB C.K. MaremaTrnueckast MOAENb IJIACTUHYATOIO
TEIUI0O0OOMEHHUKA JJIs1 yTUIIN3AIMH TeTla KOHICHCHPYEMBIX Ta30BbIX MMOTOKOB / A.
A. Bacunenko, C. K. Kycakos, 1. A. bouapaukos, B. B. 3openko, O. II.
ApcenbeBa / Bicauk HTY «XIII». — Xapkis: HTY «XIII», 2018. — Nel18 (1294). —
C. 29-35.

6. Kycakos C.K. DkcniepuMeHTanbHbINA CTEH JJIs1 UCCIEA0BAHUS IpoLecca
KOH/ICHCAllMHU TIapa U3 CMECH C BO3/IyXOM B KaHaJIaxX IJIACTUHYATOTO
teriooomennuka / A. A. Bacunenko, JI.JI. Toaxxusackuii, C.K. Kycakos //

Bicauk HTY «XIII». — Xapkis: HTY «XI1I», 2018. — Ne40 (1316). — C. 3-9.

7. Sergey K.Kusakov The Effect of Plate Corrugations Geometry on
Performance of Plate Heat Exchangers Subjected to Fouling / Oleksandr Ivanovich
Matsegora, Jifi Jaromir Klemes, Olga Petrovna Arsenyeva, Petro Oleksiyovych
Kapustenko, Sergey Konstantinovich Kusakov, Victor Vladimirovich Zorenko //
Chemical Engineering Transactions 2019. — V. 76. — P. 277-282.

8. Sergey K.Kusakov The influence of plate corrugations geometry scale
factor on performance of plate heat exchanger as condenser of vapour from its

mixture with noncondensing gas / Petro O. Kapustenko , Jiri Jaromir Klemes ,



Olga P. Arsenyeva , Sergey K. Kusakov, Leonid L. Tovazhnyanskyy // Energy 201
(2020) 117661-P. 1-11.

9. Sergey K.Kusakov Mathematical model of a plate heat exchanger for
condensation of steam in the presence of non-condensing gas/ L. L.
Tovazhnyanskyy, P. O. Kapustenko, O. A. Vasilenko, S. K. Kusakov, O. P.
Arsenyeva, P. Y. Arsenyev // Bulgarian Chemical Communications 2018 — V. 50.
—P. 77-83.

10. Kycako C.K. JIxepena Temjia HU3BKOTO MOTEHINATy 1 BUMOTH J10
TEIJIO00OMIHHOTO OOJaHAHHS JUIsI €HEPreTUYHO e(PEeKTUBHOI yTHIII3AIli TaKoro
tera/ KycakoB C.K. // InTerpoBaHni TexHosorii Ta eHeprozoepexeHHss— XapKiB:

HTY «XIII», 2019. - Ne4. — C. 79-90

I1. Kycako C.K. YTunuszanus Teria ra3zoB, OTXOASIIMX IOCIE Mpolecca
cymkn/ KycakoB C.K. // IHTerpoBaHi T€XHOJOTIi Ta eHepro30epekeHHsI— XapKiB:

HTY «XIII», 2017 - Ne4. — C. 28-31.



ABSTRACT

Kusakov S.K. Investigation of heat and mass transfer processes during heat
utilization from industrial exhaust gases in plate heat exchangers. Qualifying

scientific work on the rights of the manuscript.

Thesis for the degree of Doctor of Philosophy in specialty 161 - Chemical
technology and engineering - (16 - Chemical and Bioengineering) - National
Technical University "Kharkiv Polytechnic Institute™ of the Ministry of Education
and Science of Ukraine, Kharkiv, 2020 p.

The dissertation was submitted for defense in the specialized scientific
council DF 64.050.046. at the National Technical University "Kharkiv Polytechnic

Institute”.

The dissertation is devoted to the decision of an actual scientific and
practical problem of increase of energy efficiency of the enterprises at the expense
of process of utilization of heat of low temperature potential of exhaust gases of

industrial processes with use of plate heat exchangers of plate-and-frame type.

An analytical review of scientific and technical information on industrial and
renewable heat sources of low potential and the peculiarities of their use. The basic
requirements for heat exchange equipment for the use of low potential heat are
formulated and the advantages of plate heat exchangers in the implementation of
these processes are proved. Works with methods of calculation of plate heat
exchangers for heat utilization of gas flows on the basis of research of heat and
mass transfer in vapor - gas phase, heat transfer in condensate film, heat transfer in
single - phase flow of cooling substance, hydraulic resistance in single - phase and

two - phase flows in apparatuses are analyzed.



Based on the analysis of the theoretical foundations of the process it is
shown that the possibilities of intensification of heat and mass exchange processes
in the channels of plate heat exchangers are far from exhausted and require the
development of approaches to predicting performance of these devices in cooling
condensing gas flows and developing reliable and accurate methods of optimal
calculation based on experimental and theoretical research using mathematical

modeling methods.

A description of an experimental stand for the study of the process of
condensation of water vapor from a mixture with air in models of the corrugated
field of the channels between the plates of the plate heat exchanger is provided.
The stand allows conducting experiments in a sufficient range of changes in the
parameters of steam - air mixture and cooling water to study the processes of waste
heat utilization: cooling water temperature 20-95 ° C; absolute pressure of a
mixture of water vapor with air 0,101-0,42 MPa; the velocity of cooling water in
the channels 0.11-1.1 m / s; mass velocity of the mixture of steam and air 4-85 g /
(m?s); the volume fraction of air in the mixture at the inlet to the channel 0.02-
0.85. Flow temperatures are measured, as well as the pressure at the inlet and outlet
of the channels, flow rates, local flow temperatures at six points along the
channels. The experiments were performed on three samples of channel models
with the same angle of inclination of the corrugations to the direction of flow 60°
and different steps of geometrically similar corrugations: 5; 7.5 and 10 mm. This
allowed to investigate the influence of the scale factor on the correlating equations
in the conditions of the condensation in two-phase flow in the channels of complex

geometric shape of plate heat exchangers.

A mathematical model of the process of steam condensation from a mixture
with air on the corrugated field of the channels of plate heat exchangers and in
experimental models of the corrugated field of the channels used in the work is

developed. The mathematical model consists of a system of one-dimensional



differential equations according to local heat and mass balances in small sections
of channels along the heat transfer surface. The system is supplemented by
correlation relations for the calculation of heat transfer and friction coefficients in a
single-phase flow in the channels of plate heat exchangers of the investigated
geometric form of corrugation. Correlation ratios for heat and mass transfer, as
well as for two-phase flow pressure losses are based on single-phase flow
correlations using different theoretical positions on the influence of transverse
mass flux to the heat transfer surface and the structure of two-phase flow in the
channel. The system of equations is closed by algebraic relations for the
calculation of temperature and vapor saturation pressure under the conditions of
equilibrium of gas and liquid phases, calculation of thermos-physical properties of
components and mixtures participating in the process. The solution of the
mathematical model is implemented in the form of software for a personal
computer using the numerical method of finite differences. The solution of the
model allows to obtain the main parameters of the process on the corrugated field
in the channels of plate heat exchangers and to trace the development of the

process along the channels.

A method for identifying the parameters of equations for calculating local
coefficients of mass transfer, heat transfer and pressure losses in a two-phase flow
based on statistical comparison of the results of mathematical modeling of integral
process characteristics and their values obtained in experimental studies. Based on
this technique, a formula is obtained for calculating the effect of transverse mass
flow on local mass transfer coefficients taking into account the theoretical model
of the stagnant layer and the effect of density change across the flow according to
the theory of turbulent boundary layer with suction. The formula for calculating
local convection heat transfer coefficients under the influence of transverse mass
flow is also recommended. The accuracy of the equation proposed on the basis of

the dispersed annular flow model for the thermal resistance of the condensate film



in the channels of plate heat exchangers is shown for calculations of steam

condensation in the presence of non-condensed gas.

An equation for calculating the pressure loss in a two-phase flow with
condensation of the vapor component of the vapor-gas mixture taking into account
the change in the structure of the two-phase flow along the channel is obtained. In
the initial sections of the channel, the flow structure corresponds to the model of
phase separation proposed by Lockhart and Martinelli. As the flow rate of the
condensed liquid phase increases, the flow structure becomes closer to the
dispersed annular flow model. The boundary of transition between these modes is
established and the equations for calculation of local losses of pressure in each of
such modes are offered. The obtained equation for the dispersed annular flow
model also takes into account the influence of the surface tension of the fluid in the
two-phase flow on the pressure loss due to the introduction of the dependence on
the Weber criterion. This allows the use of this equation for channels with the same

form of corrugation of plates but with different scale factor of corrugation.

A mathematical model of an industrial plate heat exchanger for heat
utilization of condensing gas streams on the basis of series-produced plates has
been developed. The model is based on the consideration of the channels formed
between the plates as composed of zones of distribution of flows at the inlet and
outlet and the main corrugated field. It is assumed that the main processes of heat
transfer and vapor condensation take place in this corrugated field and the
influence of flow distribution zones can be considered as zones of local hydraulic
resistance. In the case of a two-phase flow at the outlet of the heat exchanger, it is
necessary to introduce a correction calculated by the method developed for the
main corrugated field of the channels. On the basis of the mathematical model the
method of calculation of plate heat exchangers of utilization of heat from exhaust

gas streams is developed. The method allows calculate the devices from



industrially manufactured plates according to their geometric dimensions and

characteristics of corrugation on their surface.

A method of optimal use of heat utilized from condensing gas streams with
the involvement of methods of integration of thermal processes based on the theory
of pinch analysis has been developed. The hot composite curve of the process in
the condensing gas stream is constructed taking into account the conditions of
equilibrium of steam as a real gas and the formed condensate. The integration of
the cooling process of the condensing steam-gas mixture with the flows that use
the utilized heat is performed with the establishment of the optimal structure of the
heat exchanger system. The expediency of dividing the flow of condensing gas
mixture into gas and liquid parts after reaching a certain temperature level is
shown. A method of optimal determination of the heat transfer surface of the
system of installed plate heat exchangers by the criterion of reduced costs is
proposed and developed, which allows to realize the optimal technical and
economic efficiency of the system. The method is illustrated by a specific example

of heat recovery of gases coming after the drying process.

The scheme of installation for utilization of heat of exhaust gases after
process of drying of tobacco at tobacco factory is developed. The main flows at the
enterprise which can be used for reception of the extracted heat are defined. These
are the flows of the space heating and hot water supply system of the enterprise.
The optimal plate heat exchange devices are calculated and the selection of
equipment for process control and its implementation in the conditions of working
production is performed. The heat utilization unit is manufactured and installed at
the existing tobacco factory. The pilot plate heat exchanger of heat utilization of
exhaust gases of the tobacco drying process was tested. The obtained results
confirmed the adequacy of the developed mathematical model and the accuracy of
the developed calculation method sufficient for engineering use. The use of the
developed utilization unit with a plate heat exchanger allowed to save more than



600 kKW of thermal energy for the heating needs of the enterprise, which before that
was simply released into the environment. This has reduced the amount of

combustible natural gas used for space heating and hot water preparation.

Keywords: plate heat exchanger, steam condensation, non-condensed gas,
mass transfer, heat transfer, pressure loss, two-phase flow, reduced costs,

calculation of heat exchanger system, energy saving.
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