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A. A. BACHJIEHKO, C. K. KYCAKOB, H. A. BOYAPHHUKOB, B. B. 30PEHKO, O. I1. APCEHbEBA

MATEMATHYECKAA MOJEJIb INITACTUHYATOI'O TEIINIOOBMEHHHUKA JJIAA
YTUIN3AIIUU TEIIVIA KOHAEHCUPYEMBIX I'A30BbIX IIOTOKOB

B crartbe mpencraBieHa MaTeMaTH4yecKas MOJENb KOHJICHCAlMM Iapa M3 CMECH C HEKOHACHCHUPYIOIIMMCS Ta30M B KaHalax IUIACTHHYATOTO
teroodMennuka (IITO). Mozenp yunThiBaeT H3MEHEHHE ITapaMeTPOB IPOIecca BIOJIb MMOBEPXHOCTH TEIUIONEpejaull U JIOKaJIbHbIE 0COOCHHOCTH
MpoIeCCOB TermiomMacconepeHoca B kaHanax I[ITO ¢ miacTHHaM# pa3iM4HON reoMerpuyeckoil Gopmbl roppupoBkr. OHA COCTOUT U3 CHUCTEMBI
0OBIKHOBEHHBIX TU(HepeHINAIBHBIX YPAaBHEHUIT CO 3HAUYUTEIBFHO HEIMHEHHBIMU TIPABBIMH 4acTAMU. Pa3paboTaHo nporpaMMHoOe o0ecredeHne st
€ro peuIeHHsT METOJOM KOHEYHBIX pPa3HOCTEil. AJIEKBATHOCTh MOJENHU IIOATBEPXKIACTCS CPAaBHEHHEM C JKCIEPUMEHTOM IO KOHJCHCAIUU
NapoBO3YIIHOM cMecH B Mozenu kanana [1TO.

KaiueBble c¢JI0Ba: HHTCTPUPOBAHHBIC TEXHOJIOTUH, MaTeMaTHYecKas MOJelb, TEINIOOOMEHHBIC aIllapaThl, YTWIM3AlUsA TeIua,
9HeprocOepexKeHue, pacyeT TeII000MEHHUKOB, KOHCHCAIMS ra3a, nap.

0. A. BACUJIEHKO, C. K. KYCAKOB, I. O. FOYAPHIKOB, B. B. 30PEHKO, O. I1. APCEHb€BA
MATEMATHAYHA MOJEJIb INIACTUHYATOI'O TEINIOOEMIHHUKA JIJIS1 Y THJII3 AL
TEILTA KOHAEHCAIIMHUX T'A30BUX NIOTOKIB

V cTatrTi npencraBieHa MaTeMaTUYHA MOJIENb KOHACH ALl Tapy 3 CyMilli 3 HEKOHJIEHCOBAaHBIM I'a30M B KaHAJIaX ILIACTUHYACTOTO TEIUIO0OMIHHHKA
(IITO). Monens BpaxoBye 3MiHy IapaMeTpiB Ipolecy y3IOBK MOBEPXHi TeIUIonepeadi i JIOKaIbHi 0COOIMBOCTI MPOIECiB TEIIIOMAcOIEPEHOCY B
xa"anax [ITO 3 mnactuHaMu pi3HOI reoMeTpHuHOI GopMH rodpyBaHHs. BoHa cCKIIaJaeTbes 3 CHCTEMH 3BHYANHUX MU(EpEHIiaTbHUX PIiBHSIHB 3
3HAYHO HEJIHIHUMH TpaBUMKM dYacTHHaMH. Po3po6ieHO mnporpamHe 3a0e3NedeHHs [UIsi HOro BHPINICHHS METOJOM KiHIEBHX PI3HHLb.
AJleKBaTHICTh MOJIEN MiATBEPPKYEThCS MOPIBHSHHAM 3 €KCIIEPUMEHTOM 10 KOH/IEH A1 MaponoBiTpsHOI cymimi B Mojeni kanany I1TO.

KiiouoBi cioBa: iHTerpoBaHi TEXHONOril, MaTeMaTHYHa MOJeIb, TEIUIOOOMIHHI amapaTd, YTHIi3allis TeIUla, eHepro30epexeHHs,
PO3paxyHOK TEIIOO0OMIHHHUKIB, KOHACHCALIiS ra3y, map.

A. A. VASILENKO, S. K. KUSAKOV, 1. 0. BOCHARNIROYV, V. V. ZORENKO, O. P. ARSENYEV A
MATHEMATICAL MODEL OF PLASTIC HEAT EXCHANGER FOR UTILIZATION OF HEAT OF
CONDENSED GAS FLOWS

The article presents a mathematical model of steam condensation from a mixture with noncondensable gas in the channels of a plate heat exchanger
(PHE). The model takes into account the change in the process parameters along the surface of heat transfer and the local features of the processes
of heat and mass transfer in the channels of PHEs with plates of various geometric forms of corrugation. It consists of a system of ordinary
differential equations with significantly nonlinear right-hand sides. The entire system of differential equations is given in this paper. In the
mathematical model, generalized correlations of the coefficient of friction and heat and mass transfer coefficients are used. The software for its
solution by the method of finite differences is developed. The adequacy of the model is confirmed by comparison with the experiment on the
condensation of the vapor-air mixture in the model of the PHE channel. Divergences of calculated and measured total thermal loads did not exceed
+ 2.8% for all tests performed. The data obtained make it possible to draw a conclusion about the satisfactory accuracy of calculations based on the
above model of the total thermal capacity of the PHE.

Keywords: integrated technologies, mathematical model, heat exchangers, heat utilization, energy saving, heat exchangers calculation, gas
condensation, steam.

BBenenue. JHeprocOepexeHHE SIBISCTCS OTHAM U3
HamOoliee  BaXKHBIX  HANPABICHUN  MOJCPHU3AIUH

COBPEMEHHBIX 3 QEKTUBHBIX  THIIOB  KOMIIAKTHBIX
TemI000MeHHHKOB [11] XOpoIIo COOTBETCTBYET 3TOH

MPOMBIIUICHHBIX MPEANPUATHH, TMO3BOJISIONIMX CHU3HTH
ce0eCTOMMOCTD  BBIITYCKaeMOH ITPOAYKINH, COKPaTHTh
MOTpeOJIeHNE JOPOTOCTOSIIMX SHEPrOHOCUTENEH U
CHHM3UTH BPEIHBIC BHIOPOCH B OKPYXKAIOLIYIO Cpely IpH
reHepaluy SHeprud [1]. 3HaYMTENbHOE KOJIUYECTBO
9HEPIUH, NOTPEOIISIEMOI B IPOMBIIIIICHHOCTH, TEPACTCS
B KadecTBe OTpabOTaHHOrO Temyia npu  cOpoce
OTXOISIIMX Ta30BBIX ITOTOKOB B OKPYKAIOIIYIO CpEmy.
3HaunuTeNbHAs YacTh TEIUIA TEPSETCS B BHIC CKPBITON
TEIUIOTHl KOHJICHCUPYIOIIUXCS MAPOB, BBIICISIOIINXCS B
CMECH Ta30B, HCXOMSIIUX IIOCIE CKUTaHWsS TOIUTHBA,
MOCIIC MPOLIECCOB BHICHIXAHMUSI PA3INYHBIX MaTEepHAaIOB H
JOPYruX BBIXJIONMHBIX Ta30B B MNpOMbIIUICHHOCTH [3].
MHorue mnpouecchl, TaKWE KaK: HM3BJICYCHHE JIETYYUX
OPraHUYEeCKUX COCAWHCHHI, KOHACHCALUS aMMHUaKa TpH
ero cuHrese. ['a3pl mocie peakiuil Takke BKIIIOYACT B
ce0s1 Terlo, KOTopoe Tepsercs npu ero orBoxe. s
9 (EKTUBHOrO HCIONB30BAHUS TEINIAa BO BCEX TAKUX
ciIydasix CYIIECTBYET IOTPEOHOCTh B TEINIOOOMEHHOM
000pyIOBaHUH, KOTOpOE CIIOCOOHO A((HEKTUBHO W
SKOHOMHYHO  YTWJIM3UPOBATH TEIUIOBYIO  JHEPIHIO.
[Tnactunuareni Temooomennuk (I1TO), kak oxmH u3

CIu. Kommaktraas KOHCTPYKIUA, COCTOAIIAs U3 IMAaKCTa
FO(pr/IpOBaHHI)IX INIaCTHH, IITaMIIOBAHHBIX M3 TOHKOI'O
METAJINIMYCCKOTO JINCTa u MHTCHCHUBHBIN
TCIJIOMACCOIICPEHOC B ux KaHalax, IIO3BOJIACT
3HAYUTCIIbHO YMCHBUIUTH IUJIOIIA[Ab, pPa3MEp W BEC

TEIUTIOTIEPEAIONICH IMOBEPXHOCTH B  CPAaBHCHHH C
OOBIYHBIMH ~ TPYOYAaTHIMH  TEIUIOOOMCHHUKAMHU IS
paboTHI B TEX K€ YCIOBUX [2].

OnrumanbHOe MIPUMCHCHUE 3¢ heKkTUBHOTO

TEIJI000MEHHOT0 000pYI0BaHMS BO MHOTOM OIIpe/esisieT
HE TOJIBKO YKOHOMHMUYECKUE XapaKTEPUCTUKU OTAEIbHBIX
MIPOU3BOJCTBEHHBIX IIPOLIECCOB, HO u
IIPON3BOJICTBEHHBIX KOMIUIEKCOB B IiejioM [15], a Takxe
CKa3bpIBaeTcsl Ha 00bEME WHBECTHUIMH IPH peanu3aluu
Takux NpoekToB [6]. Jlnst moBbImIeHUs 3QPEKTHBHOCTH
npuMeHenus  IITO B pa3JInYHbIX obuactsax
MIPOMBIIJICHHOCTH B HacTosIee Bpems Bce Ooee
OIMPOKO  HUCHONB3YIOTCS ~ COBPEMEHHBIE  METOJBI
HMHTETPUPOBAHHBIX TEXHOIOIUM, TaKHE KaK MUHY-aHAJIN3
[21].
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OTO TMO3BOJNIMIIO 3HAYUTENBHO pPACIIMPUTH 00JacTh
MIPUMEHEHHUSI 3TOr0 00OPY/AOBaHUS B IPOMBIIUICHHOCTH
[20]. DTomy cmocoOcTBOBasia pa3paboTKa HAJEKHBIX
MeronoB pacuera [ITO mns oxpHodasHBIX cpex ©
MIPUMEHEHNEM MaTeMaTH4ecKoro Moaenuposanus [18], a
TaKXKe HaJeKHBIM yder BceX OCOOCHHOCTEeW mporecca
TeIUIonepeaud, BKIIOYAs CHIDKCHHE TEPMHYECKOTO
CONPOTHUBIIEHU 3arpsi3HeHuil B kananax I1TO [16].

JUIs  ycHemHoro SKOHOMHYECKH OOOCHOBaHHOTO
npuMeHenus [ITO B mponeccax pekynepanuu TEIUa U3
ra3oBBIX CMecel HeoOXOAMM HaIeKHBIH METoJ HX
pacyera ¥ ONTHMallbHas KoHCTpykmusi. Ilporece
KOHJICHCAllu B NPUCYTCTBHM HEKOHICHCHPYIOIINXCS
ra3oB CYIIECTBEHHO YCJIOXHSETCS IOHOJHHUTEIBEHBIM
COIIPOTHBIICHHEM MacCOIEPEHOCY KOHIECHCHUPYIOLIETOCs
mapa K TIOBEPXHOCTH KOHAEHCALMM, TIE YyXKe
CKOH/ICHCHPOBaHHAsI )KUAKOCTh TaKKe CO37aeT TEIIOBOE
CONIPOTHBIICHHE Uil OTBOJA TeIUla K OXJIaKIarouleH
cperne. O030p MmyONHMKANUH, IMMOCBAMICHHBIX H3yICHHIO
MIPOLIECCOB  TEIJIOMAaccollepeHoca B TPyOUaThix
KOHJICHCATOpax B IPUCYTCTBUHM HE KOHJCHCHPYIOIIETO
rasa, IpejcTaBicH B padorte [8].

CHOXXHOCTH Ipolecca M CyIIECTBEHHOE U3MEHEHHE
BCEX €ro paboyMx IapaMeTpoB BJOJb ITOBEPXHOCTH
TEIUI000MCHA TpeOyroT HCIIONIb30BaHUS
MaTEeMaTH4eCcKOro MOJICIUPOBAHMS Mponecca ISl €ro
anekBaTHoro onmcanus [10]. OH momkeH OBHITH
JIOTIOJTHEH JJAHHBIMH IKCIIEPUMEHTAIBHBIX HCCIICJOBAHUN
mporecca € Y4eTOM M3MEHEHHSI €ro  JIOKaJbHBIX
IapamMeTpoB, OCOOEHHO  KOIJla  paccMaTpUBAIOTCS
MIOBEPXHOCTH C MHTEHCH(]UKaIMell IpoueccoB TEmo- 1
macconepeHoca [7]. B kanamax IITO mnpouecc emie
CIIOKHEE M3-3a TPEXMEPHOH CTPYKTYpHI TypOYJIEHTHOTO
MOTOKA B KaHalax. BiusHWe mnajeHus IaBJICHHUS BO
BpeMsl KOHJICHCAIMM B Y3KHX KaHalaXx MOXET OBITh
ropasio 6oiee BaXXHBIM, YeM IS TIaJKAX TPYOokK [14].

3HAUNTEIbHOE BIMSHUE TEOMETpHU puQIICHHS
TUTaCTHHBI TPHUBENO K pa3paboTKe psiaa SMIMPUYECKUX
KOpPpEeJISIHA, TIPUMEHUMBIX TUTSE KOHKPETHBIX
HCCIIEJOBAHHBIX KOMMEpPYECKUX IUIACTUH B
OFPaHMYEHHOM JMama3oHe YCIOBUHM mporecca [6].
Hamexxamiee MopennpoBaHue IMPOIECCOB KOHICHCAINU
B [ITO nomKHO YYMTHIBaTH W3MEHEHHE JIOKAJIBHBIX

IapamMeTpoB  BIOJIb IIOBEPXHOCTH TEIUIOOOMEHa C
WCIIONIb30BAaHMEM  HAJEeXHBIX  KOppelsiuid s
Teriomaccorneperoca [2, 13].

B HACTOsILIEN pabore IIpeACTaBIcHA

MaTreMaTU4ecKass MOJENb KOHACHCALUUW C HaIUYUEM
HekoHAeHcupymomerocs raza B IITO, yuduTeiBaromas
W3MEHEHHE JIOKAJBHBIX MapaMeTpoB Ipolecca BAOIb

HOBerHOCTI/I TeHJ‘IOO6MeHa. I/ICHOJ'IB3YIOTC$I
P 1 p W 046

mx _ _— ., ~, Tmx mx_ 1+2.9X - R

& d g ( ) I

00001IeHHBIE KOoppensiuu Kod(h(unueHTa TpeHus |
k03 punreHToB TEII0OMacCcoNepeHoca. Monens
TIOATBEPXK/ICHA OKCIEPUMEHTAIBHBIMU  PE3yJIbTaTaMu
JUIl KOHJICHCAllUM T'a30BO3JYIIHOW CMECH B MOJIEIHN
KaHaJla TeIJI000OMEHHHUKA.

Pa3paborka MAaTeMaTH4eCKOi MO/I€eJIH.
Marematuueckas moaens [1TO nnst KoHAeHCauuu napa B
MIPUCYTCTBUH HEKOHAECHCHPYEMBIX Ta30B pa3paboTaHa Ha
OCHOBE CJIEYIOIIUX IPEIION0KEHNUI:

1. CooTrHoweHHusT MeXay HapameTpamH mporecca
Ha MaJIBIX YaCTSIX JJIMHBI KaHajla OAMHAKOBBI JUIS JIIOOOH
JUTMHBI TaKOH ke KOH(QUTypanu.

2. Jna ycnoBuii m3MeHeHHs (a3bl B CepeluHe
MOTOKA IIPEAIOoJaraeTcsi paBHOBECHAs KOHIIEHTPALIUS
mapa. B Takux ycloBHSX KOHBEKTHBHBIA TETJIO00MEH
00yCIIOBIIBAET U3MEHEHUE TEMIIEPaTyphl ra30Boi (a3sbl,
a Taxke 00pa3oBaHKE KOH/ICHCATa B OCHOBHOM ITOTOKE.

3. Konzpencar cMaunBaeT MOBEpXHOCTh METaIa, U
oOpa3zyercs IUICHKa KOHJAEHCAaTa Ha ITOBEPXHOCTH
TUTaCTHH.

4. T'a3omapoBasi CMECh PacCMaTpUBAETCS KaK CMECh
H7CaNbHBIX Ta30B.

5. TerumooOMEHHUK HMMEET OIUH XOA Ui 000mX
TIOTOKOB.

6. Bce xananer B [ITO paboraioT mpy OIMHAKOBBIX
YCIIOBUSIX.

7. IlorepsiMu TeIIa B OKPYXKAIOUIYIO CPEAY MOXKHO
peHeopeys.

Ha ocHoBe anHammsa TemOBBIX W MaTepPHAIBHBIX
0aJaHCOB IIpOIECC KOHAEHCAIIMM Tapa M3 €ro CMecH ¢
HEKOH/ICHCUPYIOIMMCS Ta30M B Cllydae IPOTHBOTOKA C
MIOTOKOM OXJIXKIAIOMICH Cpenbl MOXET OBITh OIHCaH
crenyromen cucteMoit TudQepeHManbHBIX YPaBHEHHH]:

e, ()
oo, )
St &)

Cer eyt =Tl o)
%:H%w-(tm—t/) (5)

(6)

2 dx

P W | d (pm g X]
2

3neck Gy m Gp — MaccoBbIe pacxXoibl Iapa M JKUAKOrO KOHJEHCAaTa B OJHOM KaHale, KI/C; fe, t, tmx U tf —
TEeMIepaTyphl OXITAKIAFOIICH CPeIbl, JKUAKOH (pa3bl, Ta30-1apOBOI CMECH W MTOBEPXHOCTH IICHKH KOHJICHCATA,

Bicnux Hayionanvnozo Texniunoeo Yuisepcumemy «XI1l». Cepis: Innosayitini
30 00CniOdHCeH A Y HayKoux pobomax cmydenmis,2018. Ne 18 (1294)



ISSN 2220-4784

Innosayitini 00CaiONCen s Y HAYKOSUX poHomax Cmyoenmis

COOTBETCTBEHHO, °C; P, — JaBieHue napora3zoBod cMmecH, [la; g — yaenbHbIA TEIVIOBOM MOTOK 4Yepe3 MOBEPXHOCTh
Teroo6Mena, BT/M%; j, — ymeIbHBI MacCOBBIA MOTOK KOHACHCHPYIOIIETOCA Mapa Ha MOBEPXHOCTh KOHICHCAIUH,
Kr/M?%; 1, — CKpbITas Temiora napoodpasosanus, JI/kr; hey — KO3QQUIMEHT KOHBEKTUBHOTO TEMIOOOMEHA B Ta30BOH
¢aze, BT/(M?K); pmy — IIIOTHOCTB IIAPOra30Boil cMecH, KI/M>; Wy — CKOPOCTh IAporazoBoi cMmecH, M/c; I1 — mepumerp
KaHaia, M; X — KOOpJMHATa BIOJNH [UIMHBI KaHana, M; d. — SKBUBAJCHTHBIA AWMAMETp KaHama, M; X, — mapamerp
Jlokkapra-MaptuHeruin i TypOYJACHTHOI'O pEXUMa IBWKEHUS o00eux (a3, OmpeAenseMbId  CIeIyOIUM

YpaBHEHHEM:

th = VdPL/dPG (7)

rne dPp n dPg 3TO M3MEHEHUs JaBJICHHUS B KaHale,
paccunTaHHbBIE NIPU JBM)KEHUH B HEM TOJIBKO MKHKOH
WIA TOJBKO Ta30BOW (a3bl, pAaCCUUTAHHBIE I10
YpaBHEHMSAM  TUAPABIMYECKOIO  COMNPOTUBJICHUS
kaHanoB IITO mpu nBWXEHHH OTHO(A3HOTO IMOTOKA,
Ia.

[Momumo  muddepeHIUanbHBIX  ypaBHEHHIH
CYIIECTBYIOT anreOpanyeckKue ypaBHEHUS,
CBA3BIBAIONIME pa3Hble nepeMeHHble. COOTHOIIEHUS
MEXIy JaBJICHUEM HACBIEHHOTO Iapa U €ro
TeMIepaTypoit Psat=Psat(t) u tsat=tsat(P)
ONpPENENAIOTCS COINIACHO JINTEPAaTypHBIM JAHHBIM.
Temneparypa NOBEpXHOCTH IUIEHKH KOHJEHCATA:

t

1 5wl
=t,+q-| —+2L+— (8)

rae Oy - TOJNIIMHA CTEHKH IUIACTHHBI, M; Awl —
TEIJIONPOBOIHOCTh MeTaiia actu, W/(m K);

hy — XodpQUIMEHT Teruonepeaayn IUIEHKH OT
KUIKOW IUICHKH K CTEHKE. /i  ONpeaessieTcs
CIIEYIOIM YpaBHEHHEM, IIPE/ICTaBICHHBIM
ApcenbeBoii u ap. (2011a):

0.48

h, ==L Nu"- I+x,- P )
e pmx

rne A, — TEIUIONPOBOJHOCTh KOHJICHCHPOBAaHHOM
xugkoctd, W/(m K); p;, — IUIOTHOCTH >KHAKOCTH,
kg/m?; x,, — xauecTBO Maccosoro mapa; Nu* — 4ucio
Hyccenbra U1 )KuIKOCTH, IPOTEKAIONIECH B KaHAIE C
00IIMM pacxomoM IBYX (a3.

[MaprmansHOE naBieHHE Mapa Ha IOBEPXHOCTH
KUJIKOW IUIGHKH  ONpeessieTcst Uil YCJIOBHI
HaCBIIICHHS:

P, = Psat(t,) (10)

MaccoBas JA0JId Tapa Ha HOBCPXHOCTU )KPII[KOﬁ

IIJICHKH
-1
P -P, M
| (11)

Pvf Mv

yvf:

rae My u M, — MOJIIpHBIE MacChl

HEKOHJICHCHUPYIOMIET0Cs Ta3a | Mapa, COOTBETCTBEHHO,
kr/kMons (mis mapa M, = 18.015 kr/kmomnb, s
Bo3tyxa M, =28.96 Kr/KMOJIb).

MaccoBast 107151 Iapa B sipe TMOTOKA:

G

v

Yo :GVTGg (12)

Hapunanbﬂoe JABJICHUC IMapa B AAp€C MOTOKaA:

P

I)Vb — mx
M, G (13)
M, G,

3necs Gg - pacxoj, He KOHACHCUPYIOILETO ras3a B
KaHalre, Kr/c.
TemrmepaTypa HachIIEHNUS B SpeE MTOTOKA!

t.mtb = tsat(l)vh ) (14)

[Tpu pemiennu ypaBHeHHs (5) JOHKHO
BBINOJHATHCS YCIIOBHE!

tnvc 2 tsat(R/b) (15)

[Tonepeunsrit MacCOBBIN TIOTOK
KOHJICHCUPYIOIIErocs napa K MIOBEPXHOCTHU
KOHJCHCALIUU:

jv:ﬂD.(yvb.pmx_yvf.pm,\f) (16)

KoaddrmmenTsr TEIJI00TAAYU hey u

MaccornepeHoca fip ONPEIEIIIOTCS C UCIOIh30BAHUEM
AHAJIOTHH TEIJIO- U MACCONEPEHOCa C YUYETOM BIIUSHUS
[OMEPEYHOro MoTroka Maccel B kKaHamax [ITO
cornacHo [13].

h, =(/1mx/de)~‘I’H-Nuo (17)

ﬂDz(DD/de)'\PD'N”Do (18)

rie Am — TEIUIONIPOBOAHOCTh T'a30-IIApOBOM CMECH
W/(m K); Dp - koadppunment quddysuu, m?/c.

(19)
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OTHOCHUTEIIBHBIC 3aKOHBI TCIIO- 1 MacCCOIIepeHOCa:

¥, 0 =4~(1+O.85~bH(D))~(1+W)_2

3neck by 1 bp — TeroBoi 1 AN PY3NOHHBIA TapaMeTphIL:

Sp

v jv i Remx ’ Prmx b jv i Remx ’ PrD (20)
[ A L S p=—————————

b, = =
" pmx.Vme.NuDO

Cme pmx : me : NuO

Yucna HYCCGJ'H)TEI npu OTCYTCTBUH BJIHMAHHUA IIOIICPEYHOIO MACCOBOI0 IIOTOKA OIPCACIIAIOTCA I10
YPaBHCHUIO JId O,HHO(l)ZBHOFO II0TOKa B OCHOBHOM FO(l)pI/IpOBaHHOM I10JIC KaHAJIOB HTO, IpeACTaBJICHHOT'O B

pabore [9]:
% 78 é’ % 04
Nity ) =0.065-Re ( /pj Pr 1)

e I0JI TIOTEPh HA TPEHUE B OOIIUX MMOTEPSX AAaBJICHHUS ONpeaelsercs 1o GopMyse paboTsl ApceHbEBON
u np. (2012):

R —0.15-sin(f) s (22)
4 =( %4) at Re>A; y=1 at Re<d  where A= 380/[tg(ﬂ’)] '

Koa¢uinmeHnt tpeHus onpeaessiercs CaeAyInuM SMITUPHUECKUM YPABHEHUEM, MPEIJIOKEHHBIM APCEHBEBOU U
np. (2011):

12
=8 (12;,;2] L1 3
¢ (4+B)2
16 (23)

16
32(37530-;71)

_ . J2) ;
A=| p4-In Re

0.9
(7['{7”3) +0.27-10°
(¢

rae pl, p2, p3, p4, p5 ABISFOTCS ApaMeTpaMH, ONPEACICHHBIME B COOTBETCTBUH ¢ (hopMamu TOQPUPOBKH TLIACTUH
CITETYFOIIAM 00pa3oM:
7By B 1 B
l=exp(-0.157-B); p2 =———;p3=exp| 71— — |; p5S=1+—;
pl=exp( B)ip TP p[ TR 0
-2.63 (24)
pd= 0.061+[0.69+tg(ﬁ~%)) (1+(1-7)-09- )

3neck y=2-b/S — k03hGULMEHT TOPPUPOBAHKS PABHBIA OTHOIIECHHWIO YIBOCHHOH BBICOTHI K IIary rogpos; f —
yroja HakiIoOHa Tropp K IPONOJIBHOW OCH IUIACTHHBI, Tpaaycel; Re — uymcno PeliHonbica, paccuWtaHHOE ISt
SKBUBAJICHTHOTO JIMAMETPa KaHaJIa, ONPEACICHHOr0 Kak de=2b; F, — KO3(QQUIIMEHT yBEINYEHHs TUIOMIAAN, PaBHBINA
OTHOIIEHHIO (haKTUIECKON IUIOMIAAN TEIUIONEPEady IIACTHHBI K TUTOLIA I € MPOCKINH B TUIAHE.

Vpasuenus (19)—(24) takxe UCIIONB3YIOTCS IS MOIYyT  OBITH ~ TIpEACTaBJIEHBl  KaKk  CHCTEMa

pacyera Temyionepesauyd M TAACHUS JIABJICHHS B
OqHO(A3HOM ITOTOKE OXJIAXKIAMoMmed cpeasl MpH
pacuere 1o ypaBHeHWsM (6) u (9). DTo mMO3BOMISET
YUUTBIBATH B MAaTEMAaTHYECKOM MOJEIH BIIMSHHE
TEOMETPUH TOPPUPOBKH IUIACTUH HAa WHTEHCHBHOCTD
mporecca.

YpaBHeHUA (1)—(24), JIOMOTHEHHBIE
COOTHOUICHHSIMHU JUIS 3aBUCHMOCTEH OT TEMIIEpaTyphl
U JaBJICHUS TEIJIOPU3NIECKUX CBOKMCTB Cpex W
FeOMETPUUYECKUMY COOTHOIIEHUAMH 111 KaHana [1TO,

OOBIKHOBEHHBIX JN(QepeHIINaIbHEIX yPaBHEHUH C
HEJIMHEHHBIMU TIPABBIMH YaCTSIMH.

AHanmiTHYeCKOe  pEIIeHHe  JTOH  CHCTEMBI
HEBO3MOXKHO, M YHCIICHHOE PEIICHIE PEai30BaHO KaK
nporpamma gt [IK ¢ umcronbp3oBaHMEM
nporpammHoro obecrieuenust Mathcad. Mcnonesyercs
METOJ] KOHEYHBIX Pa3HOCTEH.

IIpoBepka  ageKBaTHOCTH  MoOjAeJH U
o0cy:KIeHue pe3yabTaToB. Pe3ynbTaTel pacueToB 1o
pa3paboTaHHON MaTeMaTHIECKOH MOJIEITH
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CpPaBHHUBAIOTCS  C  JAHHBIMH  OKCIIEPUMEHTOB,
MPOBEJCHHBIX  JUIS  KOHAGHCAIMM  Iapa W3
MIapoBO3IYIIHOW cMecn B obOpasue kanama IITO.
OKcnepuMeHTaIbHAasE MOJIENIb COCTOSUIa M3 YETBIPEX
ropUpOBaHHbIX IJIACTHH, CBAPEHHBIX BMECTE B OJIMH
maker ¢ oOpa3oBaHMEM Tpex KaHajoB. HacblmeHHas
MIapOBO3IYIIIHASI CMECh HAIPABJISIETCS B LICHTPAIbHBINA
kaHasl. Tam OHa oxJIa)XKaaeTcs: BOJOW, MPOTeKaroulel B
JIByX HApYXHBIX KaHaJax, TCIUION30JUPOBAHHBIX Ha
BHEITHEH  TOBEPXHOCTH  HAPYXKHBIX  IUIACTHH.
Temrmepatypsl IapOBO3TYIIHOM cMecH u
OXJIKJAIOIIEH BOBI N3MEPSUINCH C TOMOIIBIO METHO-
KOHCTAHTaHOBBIX TepMmomap ¢ TouHocThio = 0,1 °C.
Temriepatypsl HU3MepsIIOTCSI Ha BXO/AE€ M BBIXOJIE
IIOTOKOB M B CEMH TOYKaxX BIOJIb JUIMHBI KaHAJIA.
JlaBneHne mMapoBO3YIIHOW CMECH W3MepsieTcs Ha
BXO/I€ M BBIXOJI€ KaHaia ¢ TogyHocThio + 0,005 6ap nmpu
MIOMOIIM MaHOMETpOB. Pacxon oxiakmaromeid Boabl
nu3Mepsiercst pacxogomMepoM. TOYHOCTH M3MEpeHus +
1%. Pacxom Bo3myxa mepen €ro CMEIIMBAaHHUEM C
mapoM H3MepsieTcss poTaMeTpaMu € MHHHMAaIbHON
TOYHOCTBIO + 2%. MaccoBblif pacxox KOHJEHcaTa
n3MepsieTcst 00bEMHBIM METOJIOM C TOYHOCTBIO + 1%.

MaccoBblii pacxofl Iapa pPacCUUTBHIBACTCS Kak
cyMMa pacxoja KOHJEeHcara M pacxoja Iapa,
BBIXOZSIIETO u3 KaHaJa c BBIXOAAIIEH
MapOBO3IYIIIHOM CMECBIO B YCJIOBUSIX HACHIIICHUSI.
OO6pazen; kaHana WMeeT JUIMHY | MeTp ¢ IIMpPUHOH
0,225 m. BricoTa rodpoB cocrasmisier b = 5 mm,

100)

80)

60}

40

a) yw=0.03

TONIIMHA TUIACTHH & = 1 MM, yron HakioHa rodp k
MIPOOIbHON ocH acTHHBI B = 60°, kK03 uIEeHT
roppupoBanus y = 0,556 u koappuimeHT yBeTHUCHUS
mwiomaqn Fx = 1,15. DKCIEepUMEHTAIBHOE
HCcCleloBaHUWEe  BKIOuaao 48  WchObITaHMA €
PA3TUYHBIME YCIOBUSMH KOHICHCAITUM Ta30IapOBOI
cMecd. AOCONMIOTHOE JaBIICHWE BapbHPOBATIOCH OT
2,95 nmo 1,02 Oap; oOwemHas Jgons BO3AyXa B
nocrynatoumeir cmecu or 3% npo 71%; nokanpHas
CKOpOCTBb cMecH oT 45 110 4 M / ¢; TemriepaTypa cMecH
or 88 mo 115 ° C; temmepaTypa OXJIa)XJaroImeH BOIbI
or 24 no 71 °C.

Pacuersr apaMeTpoB mporecca o
pa3paboTaHHOI MaTeMaTHICCKOM MOJIeNn
BEITIONTHSUIACh HA OCHOBE YCIOBHH HWCHBITAHHNA C
3alaHHBIMH  PacXOJaMH IIOTOKa Tapa, BO3/yXa,
OXJIAXMAMOMICH BOABI. TemIiepaTypsl W JaBJICHUS
BXOJIAIIEH Ta30MapoBoil CMECH, a TaKXKe TeMIIepaTypa
BEIXONAa  OXJIAXJAromeld  BOABI  3aJaBalliCh B
COOTBETCTBUHM WX JKCHCPUMCHTAIEHBIM 3HAYCHHSM.
Pe3ynmbTaThl pacueToB CpaBHUBAIOTCS C PE3yIbTaTAMHU
WCNBITAHUH TI0 pa3paboTaHHOW MoJeNn. PacxoxeHus
pacYeTHBIX W W3MEPEHHBIX OOIMMX  TEIDIOBBIX
Harpy30K He npesblany +2,8% A BCEX HCIbITaHUM.
Pasnuuust B TeMmmeparype BBIXOISIIEH ra3onapoBoit
cMecu Obut He Oompiie + 2,5 °C. DT0 mo3BOJsAET
cAenaTh BHIBOA OO0 YIOBICTBOPUTEIBHOW TOYHOCTH
pacueroB 1o MOZEIH o0mei TETIOBOU
npousBogutensHocty I1TO.

t°C

100y

b) Ywb = 0.55

Pucynok 1 — Pacnpenenenue temneparyp B kaHane I1TO. PacuerHsle kpuBble: 1 — BO3IyIIHO-IApOBasi CMECH;
2 — oxJlakaromast Boja; 3 — IIeHKa KOHAeHcaTa; 4 — CTeHKa. DKCIePUMEHTAIBHBIC TOYKH: 5 — BO3IYIIIHO-
apoBasi CMeCh; 6 — oxJIaXJaroniast BOJA.

Ha puc. 1 mpeacraBieHbl pe3yiabTaThl pacuera
JIOKaNbHBIX Temmeparyp B kaHamax I[ITO mns aByx
WCIIBITAaHWH C Ppa3jW4YHBIM COAEPXKaHWEM BO3AyXa B
mocTynaroneid cmecu ¢ mnapoM. ToOYHOCTB pacdera
JIOKAJIIEHOM TEMIIEpaTypbl ra3onapoBOil cMecu He MEHee
+ 3,1°C. HawuOompmme pacxoXJeHHS OTMEUYCHBl Ha
yyacTkax OJIM3KMX K KOHIy KaHaia B CIIydae HU3KOTO
coJIepKaHMs Ta3a Ha BXoJle, Korya OoJblnasi yacTh rnapa

KOHJICHCHpYEeTCs, M  OTHOCHUTENbHbIE OHIMOKH B
BBIYMCIIEHNH OCTAaBIIMXCS HEOONBIINX KOJUYECTB Iapa
CTaHOBATCA OoJiee 3HAYMTENBHBIMHA. JTO IIOKa3bIBAET
BAKHOCTb PACYETOB IO JIOKAJIBHBIM IapaMeTpam Uit
Ipolecca €O 3HAUYUTEIBHBIM HM3MEHEHHEM BCEX €ro
XapaKTEepPUCTUK MO JUIMHE KaHana. Takas ocoOEHHOCTh
oueHb BaxkHa Ipu pacuerax [ITO ans yrwmsanuu termia
ra3o00pa3HbIX IIOTOKOB M ONTHMHU3AIMH CTOMMOCTH
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I[ITO B cmydasix, MOAOOHBIX PAaCCMOTPEHHBIX B CTaThe
[3]. Yuer BmmsHMA mnapaMeTpoB TO(pHpOBaHMSI Ha
nponsBogutensHocTh  IITO  Takke pemaer Moaenb
BAYKHBIM HMHCTPYMEHTOM JUISl ONTHMHU3AaLlUU T'€OMETPUi
miactud  [ITO nns  ucnonbs3oBaHMs B - Ipoleccax
KOHJEHCAlUM B NPUCYTCTBHUH HEKOHIECHCUPYIOIIUXCA
ra3os.

BeiBoasl. Pacuets! IITO st ucnons3oBaHus Teruia
KOHJICHCHPYEMBIX I'a30I1apOBBIX ITOTOKOB TPEOYIOT ydera
M3MEHEHHMH JIOKAJIbHBIX IapaMeTpoB Ipolecca BAONIb
MIOBEPXHOCTH TEIUIO0OMEHA. DTO BO3MOXKHO C IIOMOIIBIO

npeagaraeMoin MaTeMaTH4ecKOon MOJENH,
MpeCTaBIEHHON cucTeMoi OOBIKHOBEHHBIX
g hepeHIaThHBIX YpaBHCHHIA c CUJIBHOM

HEJIMHEMHOCTBIO. [l pelleHHs CHCTEMBl YpaBHEHH
MaTEMAaTU4YEeCKOM MOJENN UCHOJIB3YeTCd YHCICHHBIN
METOZI KOHEYHBIX pPa3HOCTel, peann3oBaHHbIl Ha IIK.
ANIeKBaTHOCTb MOJAEIHM IMOATBEPKACHA CPABHEHUEM C
JKCIHEPUMEHTAIBHBIMA  JTAHHBIMH OISl  KOHJEHCALUH
MapoBO3NYIIHOM cMecn B oOpasue kanama IITO.
MareMaTuueckass ~ MOJENIb  YYMTHIBAET  BIIUSHHE
FeOMETPUM IUIACTUH Ha WMHTEHCHBHOCTh IIpoLecca U
MOXET OBITh  HCIIOJb30BaHa ISl  ONTHMH3ALMU
reomerpur miaactudH IITO mpu ux NpUMeHEHHH Ui
YTWIM3alMMA TEIIa KOHJACHCHUPYEMBIX TIa30MapOBBIX
[IOTOKOB B ITPOMBIIIJICHHOCTH.

Crucok IMTepaTypsl

1. Kamycrenko II. A., Kysun A. K., Maxkaposckuii E. JI.,
Tosaxnsackuit JI. JI., YoeeB JI. M., Yepnas E. B., 2004.
AnpTepHATHBHAs ~JHEpPreTHka U JHeprocOepexeHue:
COBpeMeHHOe  cocTossHMe U mepcnektuBel. OO0
Wsnarensckuiil nom «Bokpyr nseTay.

2. ToBaxusHckuit JI. JI., Kamycrenko I1. A., Xasun I'. JL,
ApcenseBa O. I1., 2004. ITnactuHYaTHIe TETIIO0OMEHHUKN
B npoMbInuieHHocty. Xapekos: HTY XIIN.

3. Arsenyeva O.P., Culek L., Tovazhnyanskyy L.L.,
Kapustenko P.O., Savchenko Y.A., Kusakov S.K.,
Matsegora O.I, 2016. Utilisation of waste heat from
exhaust gases of drying process, Front. Chem. Sci. Eng. 10
(1) (2016) 131-138.

4. Arsenyeva O.P., Tovazhnyanskyy L.L., Kapustenko P.O.,
Demirskiy, O.V., 2012. Heat transfer and friction factor in
criss-cross flow channels of plate-and-frame heat
exchangers. Theoretical Foundations of Chemical
Engineering, 46(6), 634-641.

5. Arsenyeva O., Tovazhnyansky L., Kapustenko P.,
Perevertaylenko O., Khavin, G., 2011a. Investigation of the
new corrugation pattern for low pressure plate condensers.
Applied Thermal Engineering, 31(13), 2146-2152.

6. Eldeeb R., Aute,V., Radermacher R., 2016. A survey of
correlations for heat transfer and pressure drop for
evaporation and condensation in plate heat exchangers.
International Journal of Refrigeration, 65, 12-26.

7. Famileh, 1.Z. and Esfahani, J.A., 2017. Experimental
investigation of wet flue gas condensation using twisted
tape insert. International Journal of Heat and Mass
Transfer, 108, pp.1466-1480.

8. Huang J., Zhang J. and Wang L., 2015. Review of vapor
condensation heat and mass transfer in the presence of non-
condensable gas. Applied thermal engineering, 89, 469-
484.

9. Kapustenko P., Arsenyeva O., Dolgonosova O., 2011. The
heat and momentum transfers relation in channels of plate
heat exchangers, Chemical Engineering Transactions. 25,
357-362.

10. Kharangate C.R., Mudawar, I, 2017. Review of
computational studies on boiling and condensation.
International Journal of Heat and Mass Transfer, 108, 1164-
1196.

11. Klemes J. J, Arsenyeva O. Kapustenko P.,
Tovazhnyanskyy L., 2015. Compact Heat Exchangers for
Energy Transfer Intensification: Low Grade Heat and
Fouling Mitigation. CRC Press, Boca Raton, FL, USA.

12. Tovazhnyansky L.L., Kapustenko P.O., Nagorna O.G.,
Perevertaylenko O.Y., 2004. The simulation of
multicomponent mixtures condensation in plate condensers.
Heat transfer engineering, 25(5), 16-22.

13.  ToBaxusuackuit JLJI, Kamycrenko IL.A.,, 1989,
Teoperndeckne OCHOBBI pacueTa M pa3paboTka CBapHBIX
IUTACTUHYATHIX XOJI0M000MEHHHUKOB ISl arperaToB CHHTE3a
aMMHuaKa. XUMHUYECKast TPOMBIIUICHHOCTB, 8, 17-22.

14. Wang LK., Sunden B., Yang Q.S., 1999. Pressure drop
analysis of steam condensation in a plate heat exchanger.
Heat Transfer Engineering, 20(1), 71-77.

15. Boldyryev, S., Varbanov, P.S., Nemet, A., Klemes, J.J. and
Kapustenko, P., 2014. Minimum heat transfer area for Total
Site heat recovery. Energy conversion and management, 87,
1093-1097.

16. Gogenko, A.L., Anipko, O.B., Arsenyeva, O.P. and
Kapustenko, P.O., 2007. Accounting for fouling in plate
heat exchanger design. Chemical Engineering Transactions.
12,207-212.

17. Nemet, A., Boldyryev, S., Varbanov, P.S., Kapustenko,
P.O. and Klemes, J.J., 2012. Capital cost targeting of total
site heat recovery. Chemical Engineering Transactions, 29,
1447-1452.

18. Arsenyeva, O.P., Tovazhnyanskyy, L.L., Kapustenko, P.O.
and Khavin, G.L., 2009. Mathematical modelling and
optimal design of plate-and-frame heat exchangers.
Chemical Engineering Transactions, 18, 791-796.

19. Arsenyeva, O.P., Tovazhnyanskyy, L.L., Kapustenko, P.O.
and Khavin, G.L., 2011b. The Generalized Correlation for
Friction Factor in Criss-cross Flow Channels of Plate Heat
Exchangers. Chemical Engineering Transactions, 25, 399-
404.

20. Kapustenko, P., Boldyryev, S., Arsenyeva, O. and Khavin,
G., 2009. The use of plate heat exchangers to improve
energy efficiency in phosphoric acid production. Journal of
Cleaner Production, 17(10), 951-958.

21. Kmemem, HW., Kocremko, FO.T., TosaxmsHckmii, JLJL,
Kamycrenko, I1.A., Yises, JI.M., [lepeBepraiinenko, A.1O.
and 3ynwuH, b./1., 1999. [IpumeHeHre MeToa MTUHY-aHAIIN3a
IUIS  TIPOCKTHPOBAHHS HHEProcOeperalImx YCTaHOBOK
HedTenepepaOOTKH. TeopeT. OCHOBBI XHUM. TEXHOJIOTHH,
33(4), 420-431.

Bibliography (transliterated)

1. Kapustenko P.O., Kuzin A. K., Makarovskiy E. L.,
Tovazhnyanskyy L.L., Ulyev L. M., Chernaya E. B., 2004.
Alternativnaya energetika I energosberezhenie:
sovremennnoe sostoyanie i perspektiyi. OOO Izdatelskiy
dom «Vokrug tsvetay.

2. Tovazhnyanskyy L.L., Kapustenko P.O., Khavin G. L.,
Arsenyeva O. P., 2004. Plastinchatyie teploobmenniki v
promyishlennosti. Harkov: NTU HPL

Bicnux Hayionanvnozo Texniunoeo Yuisepcumemy «XI1l». Cepis: Innosayiiini
34 00CniOdHCeH A Y HayKoux pobomax cmydenmis,2018. Ne 18 (1294)



ISSN 2220-4784 Innosayitini 00CaiONCen s Y HAYKOSUX poHomax Cmyoenmis

3. Arsenyeva O.P., Culek L., Tovazhnyanskyy L.L., 13. Tovazhnyansky L.L., Kapustenko P.O., 1989, Theoretical

Kapustenko P.O., Savchenko Y.A., Kusakov S.K., foundations for design and development of welded plate
Matsegora O.I, 2016. Utilisation of waste heat from cold exchangers for ammonia synthesis units. Chemical
exhaust gases of drying process, Front. Chem. Sci. Eng. 10 Industry (Khimicheskaya promyshlennost), 8, 17-22. (In
(1) (2016) 131-138. Russian).

4. Arsenyeva O.P., Tovazhnyanskyy L.L., Kapustenko P.O., 14. Wang LK., Sunden B., Yang Q.S., 1999. Pressure drop
Demirskiy, O.V., 2012. Heat transfer and friction factor in analysis of steam condensation in a plate heat exchanger.
criss-cross flow channels of plate-and-frame heat Heat Transfer Engineering, 20(1), 71-77. 14. Wang L.K,,
exchangers. Theoretical Foundations of Chemical Sunden B., Yang Q.S., 1999. Pressure drop analysis of
Engineering, 46(6), 634-641. steam condensation in a plate heat exchanger. Heat Transfer

5. Arsenyeva O., Tovazhnyansky L., Kapustenko P., Engineering, 20(1), 71-77.

Perevertaylenko O., Khavin, G., 2011. Investigation of the 15. Boldyryev, S., Varbanov, P.S., Nemet, A., Klemes, J.J. and
new corrugation pattern for low pressure plate condensers. Kapustenko, P., 2014. Minimum heat transfer area for Total
Applied Thermal Engineering, 31(13), 2146-2152. Site heat recovery. Energy conversion and management, 87,

6. Eldeeb R., Aute,V., Radermacher R., 2016. A survey of 1093-1097.
correlations for heat transfer and pressure drop for 16. Gogenko, A.L., Anipko, O.B., Arsenyeva, O.P. and
evaporation and condensation in plate heat exchangers. Kapustenko, P.O., 2007. Accounting for fouling in plate
International Journal of Refrigeration, 65, 12-26. heat exchanger design. Chemical Engineering Transactions.

7. Famileh, 1.Z. and Esfahani, J.A., 2017. Experimental 12,207-212.
investigation of wet flue gas condensation using twisted 17. Nemet, A., Boldyryev, S., Varbanov, P.S., Kapustenko,
tape insert. International Journal of Heat and Mass P.O. and Klemes, J.J., 2012. Capital cost targeting of total
Transfer, 108, pp.1466-1480. site heat recovery. Chemical Engineering Transactions, 29,

8. Huang J., Zhang J. and Wang L., 2015. Review of vapor 1447-1452.
condensation heat and mass transfer in the presence of non- 18. Arsenyeva, O.P., Tovazhnyanskyy, L.L., Kapustenko, P.O.
condensable gas. Applied thermal engineering, 89, 469- and Khavin, G.L., 2009. Mathematical modelling and
484. optimal design of plate-and-frame heat exchangers.

9. Kapustenko P., Arsenyeva O., Dolgonosova O., 2011. The Chemical Engineering Transactions, 18, 791-796.
heat and momentum transfers relation in channels of plate 19. Arsenyeva, O.P., Tovazhnyanskyy, L.L., Kapustenko, P.O.
heat exchangers, Chemical Engineering Transactions. 25, and Khavin, G.L., 2011b. The Generalized Correlation for
357-362. Friction Factor in Criss-cross Flow Channels of Plate Heat

10. Kharangate C.R., Mudawar, [, 2017. Review of Exchangers. Chemical Engineering Transactions, 25, 399-
computational studies on boiling and condensation. 404.

International Journal of Heat and Mass Transfer, 108, 1164-  20. Kapustenko, P., Boldyryev, S., Arsenyeva, O. and Khavin,
1196. G., 2009. The use of plate heat exchangers to improve

11. Klemes J. J, Arsenyeva O. Kapustenko P., energy efficiency in phosphoric acid production. Journal of
Tovazhnyanskyy L., 2015. Compact Heat Exchangers for Cleaner Production, 17(10), 951-958.

Energy Transfer Intensification: Low Grade Heat and 21. Klemes, J., Kostenko, Y.T., Tovazhnyanskii, L.L.,
Fouling Mitigation. CRC Press, Boca Raton, FL, USA. Kapustenko, P.A., Ul'ev, L.M., Perevertaylenko, A. and

12. Tovazhnyansky L.L., Kapustenko P.O., Nagorna O.G., Zulin, B.D., 1999. The Pinch Design Method for Energy-
Perevertaylenko O.Y., 2004. The simulation of Saving Oil-Refining Plants. Theoretical foundations of
multicomponent mixtures condensation in plate condensers. chemical engineering, 33(4), pp.379-390.

Heat transfer engineering, 25(5), 16-22.
Tlocmynuna (received) 18.06.2018

Bioomocmi npo asmopis / Ceedenus 06 asmopax / About the Authors

Bacunenko Onexcandp Anamoniiiosuu (Bacunenko Anexcandp Anamonvesuu, Vasilenko Aleksandr. Anatolevich) —
acmipaHT KadeIpH IHTETPOBAaHMX TEXHOJOTiHM, mporeciB Ta amapariB, HarioHampHWII TexXHIYHMI YHIBEpCHTET «XapKiBCHKUH
nomitexHigHmi! iHCTHTYT», ORCID: https://orcid.org/0000-0003-4054-6588; e-mail: kirgleb1969@gmail.com

Kycaxoe Cepziii Koncmanmunosuu (Kycakoe Cepzeii Koncmanmunoeuu, Kusakov Sergey Konstantinovich) — actipant
kadenpy IHTErpOBaHMX TEXHOJOTiH, NpomeciB Ta amapariB, HamioHamsHMIT TeXHIYHMI yHIBEpCHTET «XapKiBCHKHMI IONMITEXHITHUHA
iHcruryT», ORCID: https://orcid.org/0000-0001-7192-7784; e-mail: sergey.kusakov(@gmail.com

Bouapnixoe I2op Onexcanoposuu (bouapnukoe Izopv Anexcanopoeuu, Bocharnikov Igor Olexandrovich) — acmipant
kadenpy IHTErpOBaHMX TEXHOJOTiH, NpomeciB Ta amapariB, HamioHamsHWMIT TeXHIYHMH yHIBEpCHTET «XapKiBCHKHI IONMITEXHITHUHA
incruty™», ORCID: https://orcid.org/0000-0002-9425-6730, e-mail: kap@kpi.kharkov.ua

3openxo Bikmop Bonooumupoeuu (3openko Buxmop Bnaoumupoeuu., Zorenko Viktor Volodymirovich) — imxeHep-
enekTpuk, «AO CriBapyxHicts-T», ORCID: https://orcid.org/0000-0002-9425-6730, e-mail: kaj i.kharkov.ua

Apcenveea Onvea Ilempiena (Apcenvesa Onvea Ilempoena, Arsenyeva Olga Petrovna) — n.T.H. mipod. kadempu
IHTETPOBaHMX TEXHOJOTIH, MpoleciB Ta amapariB, HamioHansHuiT TeXHIYHMN yHIBEpCHTET «XapKiBCHKMH ITONITEXHIYHUN 1HCTHTYT»,
ORCID: https://orcid.org/0000-0001-9013-6451; e-mail: o.p.arsenyeva@gmail.com

Bicnux Hayionanvnozo Texuiunoeo Yuisepcumemy «XIII». Cepis: Innosayitini
docaidicen s Y HayKosux pobomax cmydenmis, 2018. Ne 18 (1294) 35



