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RECONSTRUCTION OF HEAT EXCHANGE SYSTEMS
WITH UTILITY WAYS
Ul'ev L.M., doctor of technical sciences, professor, Maatuk A., graduate
student
National Technical University "KhPI*"

Annomauun.B pabome npueeder WUPOKUL AHAAU3 ONYONUKOBAHHLIX PAOOM, NOCEAUJEHHBIX Memooam
unmeepayuu npoyeccoe u onmumuzayuu MenI00OMEHHbIX CUCEM 6 npowsoc)cmeax, UCNOIBL3YIWUX XUMUKO -
mexnono2u4eckue Memoobl nepepa6om}<u u np0u380()cm3a eeujecms. U3 mmuoosicecmea 603MOINCHBIX CUCHEM
8bl0eNleHa  OBYXNOMOKO8As  3a0aud ¢ VMUIUMHGIMU —~ NYMAMU, U 0N Hee PACCMOMPEHbl  NpPOoyeccol
nepepacnpeoeneruss MeniosvblX HAZPY30K HA CYWEeCm8YIwWux Menio00MeHHbIX annapamax u memnepamyp
mennioHocumenel Ha 8x00e U 8bIX00e U3 HUX NpU BbINOJHEHUU NPOEKMO8 dHEPL0IPDEKMUBHOU PEeKOHCMPYKYUU
cucmem meniooomena 6 YCIOBUAX MEXHON02UYECKUX U IKOHOMUHYECKUX oepanuqeyuﬁ. Hoxzyqubz dHaiumuuyeckKue
sasucumocmu USMEHEeHUs MmeNnjlo6blX HACPY30K, CYuWecmeyrouwux mMeniooOMeHHbLX annapamoe u memnepamyp
menjioHocumenel om GeluUYUHbl nfzoumdu nosepxHocmu Menio0OMeHa HOBbIX Menio0OMeHHbIX pa3MemeHm7.
Onpedenieno onmumMaibHoe 3HAYeHUe NIOWAOU NOBEPXHOCMU MenI00oMend, 000asisnemMol npu PeKOHCMPYKYUU,
npu Komopom HAOI00aemcest HAUMEHbULASL npueedeﬂnaﬂ CMOoUMOCmb npoeKkma peKoOHCMpYyKyuu.

Abstract.The paper presents a wide analysis of published works devoted to the methods of process integration
and optimization heat-exchange systems in production using chemical-technological methods for processing and
production of substances. The dual stream heat system with utility paths was selected from the many possible
exchanger systems and the processes of the redistribution of heat loads on existing heat exchangers and
temperatures of heat carriers at the input and the output of them were studded for it with fulfilling of the energy
efficient retrofit project in terms of technological and economic constraints. The analytical dependences for change
of thermal loads for existing heat exchangers and heat carriers temperatures were obtained from the magnitude of
the surface area for heat transfer a new heat-exchange placements. The definition of change of technological
parameters for existing heat exchangers can significantly reduce economic costs for the implementation of energy
efficiency retrofit of the heat exchanger networks for operating companies using the methods of heat and process
integration, in particular using the methods of pinch analysis. For case study, two streams problem for heat transfer
in heat network at the crude and gas separation units is considered in the paper. The exist system have three heat
exchangers. The temperature measurements were fulfilled for all heat exchangers and the heat loads for heat
exchangers and utility were calculated. The installation of one heat exchanger at the cool side of the system is
proposed in retrofit project. The dependence of the temperature change of the hot and cold process stream of the
value of the additional surface obtained for each heat exchanger. Utility power and power recovery of thermal
energy in the system is also analyzed. The dependence for annual cost of capital investments in the retrofit project of
heat network of the installed heat exchanger surface taking into account the finite surface area of separate sections
of heat transfer is presented in the paper. It is shown that the total discounted cost of the retrofit project will be a
non-monotonic function of new heat exchange surfaces. The optimal value of heat transfer surface at which the total
discounted cost of the reconstruction project will be minimal is obtained in the paper.

Key words: energy efficiency, retrofit, heat exchanger network, pinch analysis.

KiroueBble c10Ba: 3Hep1‘03(1)(1)eKTI/IBHOCTL, PCKOHCTPYKIUA, CETh TeHJ’IOO6MCHHI/IKOB, IIMHY aHaJIu3..

Brenenne. MaTerpanust YKpauHbl B MEPOBYIO SKOHOMHKY W €BPOIICHCKII BBIOOP Hapoaa YKpawHBI, KOTOPBIH
pruoOpen  TONAEPKKY HHIYCTPHAIBHO PpA3BUTBIX CTPaH, TPEIIONATacT JOCTIKCHHS YPOBHS JKU3HH H
9HeprodpPeKTUBHOCTH KOHOMHKU cTpaH EBpomeiickoro CojpyxectBa. B HacTosiiiee Bpems dHepreTuueckas
cuTyanuss B YKpauWHE KpHUTHYECKas, IPEXJe BCEro BCICJACTBUE TOr0O, YTO 3a CYET COOCTBEHHOW J0OBIYM
MCKOIIAEMOT'0 OPraHNYeCcKOro TOIUIMBA Y KpanHa Cero/{HsI MOXKET TOJIBKO YaCTUYHO YJIOBJIETBOPHUTH OTPEOHOCTH: B
Hetu — Ha 10-12 %, B npuponHom raze — Ha 20-25 %, B yrie — Ha 85-90 %. IlyTi 1 METOMABI HCIIOIH30BAHUS
BO3MOJKHOCTEIl 9HEprocOepeKeHUss U CHIDKCHUS] TEXHOTCHHON Harpy3Kd HM3BECTHBI y)KE€ YEThIPE ACCATHICTHS, U
HNOJIY4YMIIM HIMPOKOE pPACHPOCTPaHEHUE B HMHIYCTPUANBbHO pAa3BUTBIX cTpaHax. lIpexxae Bcero, 3TO METOJbI
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MHTErpanuy MpomeccoB U, B YaCTHOCTH, METO/IbI MMHY aHanu3a [ 1], Oepyiine cBoe Havaio B TEIUIOBOW MHTETPALUH
TETIIOOOMEHHBIX CETEH.

AHa/IM3 JIUTePaTYPHBIX MCTOYHHKOB. OJHONW M3 MEpBBIX paboT B 00JACTH MHTErPAIMU IPOIECCOB ObLIa
mucceprammonHast pabora E.C. Xoxmanna w3 YrmBepcuteta FOxuoit Kapommnusr, CIIA [2], B koTOpo# maHO
TEPMOJMHAMUYECKOE OIpPEACICHIHE MHHUMAIBHOW BEIMYMHBI SHEPTONOTPEOICHUS B TEIUNIOOOMEHHOH CHCTEME.
JanmpHeiimee pa3BUTHE TEIDIOBas HHTErpamus Imoimydmna B pabortax Jlumaaxodda n Pmosepa [3], Dnosepa u
Jlunuxogda [4]. Knaccuueckas popmynrpoBKa TEIUIOBOI MHTerpanny Obuta cienana B kaure b. Jlnnaxodda n ap.
[5]. K nybmukanuu padoTs! [S] ObuUM co3/1aHbl MeTO/bI [IMHY MPOEKTUPOBAaHUS ISl CUHTE3a YHEProd(p(EeKTHBHBIX
CHCTEM OINTHMHU3UPOBAHHBIX MporeccoB. OJHOBPEMEHHO pPa3BHBAINCH METOJbI JIMHEWHOIO W HE JIMHEWHOro
MIPOrPaMMHPOBAHUSl CHHTE3a ONTHMAIBHBIX HSHEProd((EKTUBHBIX CHCTEM TEIJIOOOMEHHHMKOB. bBoNbIIMHCTBO
OITyOJIMKOBAHHBIX pabOT ObUIO IOCBSINEHO, TaK Ha3bIBAGMBIM KOPHEBBIM NPOEKTaM, T.€. CHHTE3y HOBBIX
9HEepProd(QEeKTUBHLIX CHUCTEM TEMJI000MEHa sl ONTHMHU3UPOBAHHBIX IPOLECCOB. B mocieanee Bpemsi Oosblie
BHUMAaHHS YAESIETCS TEIUIOBOM HMHTErpalMy B CHCTEMax TeIIooOMeHa paboTaromux NpenmpusaTHi. MeToab
JMHEHHOTO M HEJIMHEWHOro IPOrpaMMHpPOBAHUS Uil CHUHTE3a HHEProd(eKTUBHBIX CHUCTEM TEIUIO0OMEHa
paccMaTpuBaiuch B pabortax [6]. B pabore [7] mpemmoxkmiu myreBoit metox (Path method) pexoncrpykiuun
TEIUI00OMEHHBIX CeTeH, KOTOPBIH MOXHO OTHECTH K MeTofaM aekommo3uimi. XKy u ap. [8] passuiau merons! [Inxya
aHaJM3a C MCIOJIb30BAHUEM CMEILIAHHOTO LEJIOYHCICHHOTO JIMHEIHOro nporpamvupoBanus. Ho mms ycnemHoi
peanu3aly CMEIIaHHBIX METOJIOB JIMHEHHOrO M HEJMHEWHOro MporpaMMHUPOBAHUSI HEOOXOJMMO HCIIOJIb30BaHHE
COBpPEMEHHBIX cynepkommbiotepoB [9]. B [9] Obu1 mpexpcTaBieH TIHOPUAHBINA TE€HETHYECKHH alITOPUTM JUIS
MOJTYYCHHUsS  ONTUMAJBHBIX  TEIJIOOOMEHHBIX  CHCTEM C  TIOJHBIM  HCIOJIB30BAHHEM  CYIIECTBYIOIMINX
TEIJIOOOMEHHHUKOB M MX CTPYKTYp. B HemaBHO omyOnmkoBaHHBIX padoTax [10, 11] oOHapomoBaH METOL MOCTOBOTO
ananmza (Bridge analysis), KOTOpBIIf OCHOBaH Ha JUarpaMMmax IepeHOca SHEPIHU U U3MEHEHUSIX B TEIUIONepeaaun
TEIIOBOH CETH, HEOOXOJUMBIX JUISi YMEHBILICHNS SHEPro3aTpar, KOTOPhIE M Ha3BaHbl «MOCTAMI».

AKTYaJIbHOCTb. TeXHHYECKHE, TEXHOJOTHYECKHe W OKOHOMHYECKHE OrPAaHMYEHHs MOTYT ObITh JIMIIb
YaCTHYHO YYTEHBI B METOJAX MPOTPaMMHPOBAHMUS, a B METOJA IHMHY aHalM3a MOTYT TAaKKe HCIOJIb30BAThCS Kak
9BpUCTUKHU. Kak mpaBuiio, B MPOMBIIUICHHOCTH MPU HPOBEICHUH PEKOHCTPYKIIMM CHCTEM TEIIo0o0MeHa TpeOyroT
UCIIOJIb30BaTh MHUHHMMAQJIBHO BO3MOXKHOE YHCJIO HOBBIX allapaTtoB, Jake 3a CYET CHIDKCHUS JKOHOMHYECKOM
BBITOJIbI, HO, €CJIM M YJAeTCsl ClleNlaTh MPOEKT dHeprodHeKTUBHONW PEKOHCTPYKIMH TOJIBKO 32 CUET MepeoOBsI3KU
CYIIECTBYIOIIMX  TEIUIOOOMEHHHMKOB, IIPM €ro peaju3aldd, B CHCTEME TeIUIOOOMEHa HpOU30HIeT
nepepacrpezieJIeHue TeMIIEpaTyp Ha anmnaparax U UX TEIUIOBBIX HAarpy3ok. M3-3a 3Toro BO3HMKHET HEOOXOIMMOCTD
MIPOBEICHUS AKCHEPTH3BHl NMPOMBIIUICHHON Oe3omacHocTr (DIIB) mis TermrooOMEHHHUKOB CHCTEMBI, MOCKONIBKY
TEIUTOOOMEHHBIE ammapaTtel — 3T0 oOopynoBaHuWe, paboTaromiee IO MAaBlIeHHEM. B wuTore, Kasaioch OFbl,
OC3WHBECTUITMOHHOE MEPOTIPHUATHE TEPEOOBI3KH TEIUIOOOMEHHHUKOB TPEBPAIIAETCsS B MEPONPUATHE C OOJIBIIMMHU
3aTpaTaMd U CPOKOM OKYIaeMOCTH, TIOCKOJIBKY CTOMMOCTH TipoBeaeHus DI1b omgHoro TemmoooMeHHnka paBHa 4—5
teic. goiur. CIIIA. TToaToMy mNpu BBIMOJHEHWH TPOEKTOB 3HEProd((HEKTUBHON PEKOHCTPYKIMH HEOOXOIUMO
KOHTPOJIMPOBATh TEXHOJIOTHYECKUE MapaMeTphl CYIIECTBYIONIMX W HOBBIX ammaparoB. B pabore [12] Ha ocHoBe
METO/ia ITyTEeBOI0 aHajM3a CO3JaH METOJ CTPYKTYPHOI'O ILieJieyKa3aHHsl, MO3BOJISIOIUH HISHTU(PUIIMPOBATH
IOJICHCTEMBI TEIJIOOOMEHHOH CeTH, COAepIKalyie, 0 KpailHel Mepe, OJHY FOpsiuylo U OJIHY XOJOAHYIO YTHWINTY, U
nmeromye 0oJbIIoi YHEProcOeperarIni NOTCHINA.

IMocranoBka 3agaun. B Hacrosmell paboTe paccMarpuBaeTcsi MOBBIIEHHE d(QEKTUBHOCTH W ONTHMHU3AINS
JBYXIIOTOKOBBIX TEIIOOOMEHHBIX CHCTEM, KOTOpbIe OBLIM BBIACIEHBI M3 TEINIOOOMEHHBIX CETeH B IpoIeccax
HedTe- 1 razonepepadoTku [12, 13] ¢ momoIso METoI0B, ONUCaHHbIX B [1] u [7].

CP,xBr/K  AH, kBt Paccmorpum 101130 3
287°C NHIC o 195°C o 134 39°C
| 1 T2 T2 ©_> 63 15620 BBIICTICHHBIX MOJICUCTEM
[5%8] teroobmena  (puc. 1). Ona
COCTOUT u3 Tpex
MOCJIEIOBATEIbHO  COSTMHEHHBIX
22 TEII00OMEHHBIX ammaparos T-1,
215°C AN 161°C 102°C 26°C
™ 7.2 @ [2] 51 13210 T-2 m T-3, omHOrO HarpeBaTess
b b (i (ropsiuas ytunura) H, U OmHOrO
XOJIOTHITbHHIKA (xomoHast

Puc. 1. CeTrounas auarpamMmma )IByXl'[OTOKOBOﬁ 3aJavum
- yrwmra)  C. Hauvanbnas

TeMIeparypa ropsidero TEXHOJOIMYeCKoro mnoroka paBHa ths =287 °C, koneunas, paBHa thr = 39°C. HauanbHas
TeMIlepaTypa XOJOJHOTO TEXHOJOTHYECKOro MOoToKa paBHa t.s =26 °C, xoHeuHasi, paBHa t.r = 285°C.  MomHoCTh
ropsiueit yTHIUTBI cocTaBisieT 3HaueHue Qumin=3617 kBT, XomogHo# yTuiutbl paBHa Qcmin=0032 kBT, MOIIHOCTH
pexynepanuu TernnoBoil sHepruu — Qrec=9592 kBT. IIoTOKOBasl TEINIOEMKOCTb IOPSYEro TEXHOJOIMYECKOro IOTOKa
paBHa CPn = 63 xBrt/rpan, xomogHoro CP. = 51 xBt/rpan. Ilpu BBIIOJIHEHMH NPOEKTa PEKOHCTPYKLIUH CUCTEMbI
TemaooO0MeHa OyaeM CUUTaTh TEIUIO(U3UUECKUE CBOMCTBA TEIUIOHOCUTENEH IOCTOSHHBIMU, MX PAacXOAbl U HapaMeTpbl
TEIJIOOOMEHHBIX amnapaToB (PUKCUPOBAHHBIMU, a UX XapaKTEPUCTUKU IpuBeAeHb! B Tabnuue 1. Taxke OyneMm cuuTarh,
YTO TEIUIOBBIE TIOTEPH B CUCTEME TEINI00OMEHa OTCYTCTBYIOT.
Tabauna 1 - XapakTepucTHKH TeNJI000MeHHBIX aNapaToB
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Tenn ["opstunii TemIoHOCUTENH XO0MOAHBIN TETIIOHOCHTENb IToBepxHOCTB Koaddumpent
000M | Temneparypa, °C | IlotoxoBas| Temmeparypa, [ToTokoBas TeII000MeHa, | TeIuloneperay,
€HHUK TEIUI., °C TEIUIOEMKOCTD, 2 KBT/MZI'paH
Bxox | Bexon kBt/rpan | Bxon| Bwixox kBt/rpan
T-1 287 243 63 161 215 51 214 0.17
T-2 243 195 63 102 1161 51 214 0.16
T-3 195 134 63 26 102 51 214 0.18

PesysabTaTsl pemenHusi u ob6cyxaeHue [locTpoum TeMmepaTypHO-PHTAIBNUIHYIO AMAarpaMMy HCXOJHON
CHCTeMBl TemiooOMeHa. Jlasi 3TOTO OTIOXKHM TeMIIepaTypHble NPOGMIM TETIOHOCHTENEH Tak, YTOOBl HX
HEPEKPBITHE TI0 SHTAIBIUIHON OCH COCTABIISAIO 3HAYEHHE MOIIHOCTH PEKyIepalyy TEIJIOBOH SHEPTUHU B CHCTEME
terioooMena (puc.  2). TemmepaTypHO-dHTaJbIMHAS —JUarpaMMmMa CHCTEMBI TEIJIOOOMEHa IMOKa3bIBaeT
BO3MOXKHOCTb YMEHBIIEHHSI BEJIMYMHBI TOPSIUYUX M XOJOIHBIX YTHIIUT, MOCKOJbKY Harpy3ka Ha OXJaIeHHE
ropsigero noroka papHa AHp = CPpX(ths-tht) = 15620 kBT, a Harpesa xonoanoro termtonocutens AH, = CPcx(tes-tet)
= 13210 xBrt, uTo GonbIIie MOITHOCTH peKymepanuu. B paccmMaTprBaeMoM citydae JJisi CHIDKCHUS 3HAUCHUST YTHIIAT
HEOOXOIMMO YBEIMYUTh MOIIHOCTh DPEKyIepaluy TEIJIOBOM SHEPTHH B CHUCTEME, a A 3TOro HEeoOXOIMMO
YBEJIMYHUTh IJIOIIAJb TTOBEPXHOCTH TEIUIOOOMEHA, IMOCKOJIbKY MapaMeTpbl CYIIECTBYIOMIMX TEIIO0OMEHHUKOB
(buKCUpOBaHEI.
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Puc. 2. TemneparypHo-3uTajdbnuiiipie Puc. 3. CeTounas quarpaMma JIByXNoTOKOBOIi CHCTeMBbI
NMpouIN TeMIOHOCHT el TEILUIO0OMEHA € YeThIPHbMSI TENJI000MEHHUKAMMU.

IlByXl'lOTOKOBOﬁ CHCTEMBI TEINJI000MEeHA.

[TacriopTHble aHHBIE HACOCHOTO O00OPYIOBaHMS U CYIIECTBYIOLIME HEPEnajbl JaBJIeHUS 110 TEIUIOHOCUTEISIM
MO3BOJISIIOT ~ YCTAHOBUTH JIOTIOJNHHUTEIILHOE TEIUIOOOMEHHOE O00OpYZOBaHME B paccMaTpUBaeMON CHUCTEMe
TEIIO00MEHa, a aHaJIM3 PACHOIOKEHHSI 000pYJOBAaHHS Ha YCTAHOBKE MOKA3all, YTO YCTAHOBUTH JOMOIHUTEIBHBIN
TEIIIOOOMEHHHK BO3MOXKHO TOJBKO Ha XOJIOJHOM Kpae TerooOMeHHo# cuctemsl (Puc. 3). Paccmorpum, kak OyayT
MEHATBCS TEMIEPAaTyphl Ha TEIUIOOOMEHHBIX ammaparax B 3aBUCHMOCTH OT TEIJIOBOM Harpy3Kd HOBOTO
termoooMeHHnKa T-4. J[ist 3Toro 3anuieM TerIoBbie OalaHChl ISl KaXKJI0T0 TeII00OMEHHUKA, TIpeJIoaras, 4ro B
cucteme N ammaparos:

CPc(tK/—i - tlfl—i—l) = Cph(tih - tih+1 , 1=0..N-1, oy
rie t}' - HavanpHAs TeMmepaTypa TopsAdero MoToka, B HaleM ciydae, paBHas 287 °C, t§ - HauambHAs TeMIeparypa
XOJOAHOTO MOTOKA, B HAIlleM ciiydae, paBHas 26 °C.

C 1pyroii CTOPOHBI, HAarpy3Ka Ha TEII00OMEHHBIH anmnapaT onpeessieTcs], Kak:

Qi = SiATlniKil i:0...N'1, (2)
W TOTJa JJIA I-TO TEIIO0OMEHHNKA MOXKHO 3aIHCaTh:
(tzh‘tih+1)_(t1€l—1_tlli‘l—i—1) _ h h .

S;K; . = CPy(th—tl,)i=0..N—-1. (3)

In —

P ~tRimica
[Tpunumast Bo BHUMaHUE (1) MOITy4YuM COOTHOIICHHUE:

et =t = (th,—th_i_1)e’, i=0...N-1, 4)

SiK; cP
rie A; == ’(1 ——h).
cPp CP.

VYuureBasg, uro N=4, T.e. B TeI000MEHHOH cucTeMe 4 TEIUIOOOMEHHHWKA, NeNiasi B CUCTeMe ypaBHEHHUH (4)
MoCJIeIOBaTeIbHbIC TIOACTAHOBKH, HAaXOAWM TEMIEpaTypy XOJOJHOTO TII0TOKa Ha BBIXOJE W3 TIEPBOTO
TEII000MEHHHKA

t§ =ty — (t§ — t§)E, 5)
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rne E = eA1e42e43p44,
Hcnonb3ys BEIpaKEHUE [UIS TEMIOBOrO OajlaHca BCEH CUCTEMBI TEMIO0OMEHa
c c _ h h
(tz —t5)CP, = (tg — t4)CPy, (6)
HaiiJIleM TeMIIEpaTypy ropsAYEro MOTOKA Ha BBIXOJE U3 4-T0 TEMIO00OMEHHUKA:
h(;_CPh\, .c
W 8 (1_6_}7(,‘)+t0(E_1)

4= oy (7
o
OmnpenennM pasHOCTh TEMIIEPATYP TEIIOHOCUTENEH Ha XOJIOIHON CTOPOHE TETIIO0OOMEHHOM CHCTEMBI:
CP.—CPp,
At, =th —t& = (th —t§) ——*n 8
m =ty —t5 = (tg — t5) ECPo—CPy’ (8)

W3 cucremsr ypaBHeHui (1) HalijieM TeMmIepaTypbl TEIDIOHOCHTENEH Ha BXOJe B TEIUIOOOMEHHHKH H
TeMIIepaTypbl TEIUIOHOCUTENICH Ha BBIXOJIE U3 TEIIIOOOMEHHHUKOB!

tf = b + dAt,,e’, 9)

t5 = b + dAt,ete”s, (10)

t§ = b + dAtettef3e2, (11)

t§ = b + dAt,ete3efze, (12)

th = b + gAt,etetsedz, (13)

th = b + gAt,et4e”s, (14)

th = b+ gAt,e’s, (15)
rae b = CPC_CPh, — _CPn g= CP; .
CP.—CP, CPc—CP, CPc—CP},

Teneps Mbl MOKEM 3aIIUCATh BBIPAKEHHS 1/ BHIYMCIEHHS MOIHOCTH TOPSYUX U XOIOMHBIX YTHIINT:
QCmin = CPh (til - tg)a (16)
QHmin = Cpc(tg - ti) (17)

Vcnonb3yst HaliIcHHBIC TeMIIEPaTyphl TEIUIOHOCUTEICH Ha BXOJE U BBIXOJIE TCINIOOOMCHHHUKOB, BEIYUCIISICM HX
TEeIJIOBBIE HArpy3Kku (puc. 3):
Qi = CP(tyy1—i — tlfl—i)chh(tihq - tlh) (18)
B paccMaTtpuBaeMoM citydae, 1o TEXHOJOTHUYSCKHM MPUYHUHAM MOTYT OBbITh UCIIOJIb30BAHbI JJIsI PEKOHCTPYKIIUH
TOJILKO KOXKYXOTpyOUaThie TEIUIOOOMEHHbIC ammapatsl. CTOMMOCTh YCTAHOBKH OJIHOW CEKIIMU KOXKYXOTPY4aTOro
TEMI000MEHHHUKA OTpeeNuTcs, Kak [3]:

CosT = A+ B(S)¢, (19)
rie A — CTOMMOCTh yCTAaHOBKH OJHOM CEKIUH TEIUIOOOMEHHWKA, B — SKBHBAJCHT CTOMMOCTH 1 M2 TUIomaau
TEII0O0OMEHHOW TMOBEPXHOCTH, ¢ — IIOKAa3aTellb HETUHEHHOH 3aBHCHMOCTH CTOMMOCTH, OTOOpa)Karomien

BO3MOYHOCTD Pa3MEIICHHs TOBEPXHOCTH TEIFIOOOMEHA Pa3IMIHON BEIMUYWHBI B OJJHOM KOXyXe. B maHHOM cirydae
3HaYCHUs 3TUX napameTpoB paBubl: 4 = 40000 moyur. CIIA; B = 1000 momr. CHIA; ¢ = 0.97.

MakcuMmanbHas UIOMIAAb MOBEPXHOCTH TEIUIOOOMEHA ISl OJHOM CEKIMM y BBIOPAHHOTO MPOWU3BOIAMUTEIS
COCTABIISIET 3HAYEHUE Smax = 250 M2,

C y4eToM BeJIMYMHBI MaKCUMAJIBHOM MTOBEPXHOCTH TEIIOOOMEHA OJIHOM CeKIuu, Bhipaxkenue (18) msst ogHoro
TEIMJI000OMEHHOTO Pa3MEIlEHH s, TPUMET BHUI:

CosTy,, = A[ - 1+B(S)°, (20)

riue [x] (bYHKIHS «TOTOKa» AWBEPCOHA, BO3BPAIIAIOIAs HAUMEHbIIIee 11eJ10¢e, Oobliiee uiu pasHoe x [15].

CTOUMOCTh TOPSYMX YTHIUT Ha pPacCMaTpPUBAEMOW YCTAaHOBKE BKJIIOYAE€T CTOMMOCTH COOCTBEHHOTO Tasa,
MPUPOJIHOTO Ta3a M3 TOPOJCKOW MAarucTpaid, CTOMMOCTh JKHUAKOTO TOIUIMBA, COCTOSIIETO M3 CMECH Ma3yTa,
ra3oiyiedl U TU3eIbHBIX TOILIMB. MITOroBas CTOMMOCTBh TOpsiueil yTHIINTHI COCTaBiIsIeT 3Ha4ueHue, pasHoe Cy = 120
nomn. CIIA 3a 1 xBt rog. CToUMOCTb XOJIOAHBIX YTUJIUT, BKJIIOYAET CTOMMOCTH CBEXKEH OXJIaXKIaroled BOJIbI,
CTOMMOCTb  JJIEKTPOSHEPIUM, NUTAIOIIEH MPUBOJIBI HACOCOB W JBUTaTeledl BEHTWIATOPOB BO3IYLIHBIX
XOJOAMIHHUKOB, 1 oHA paBHa Cc = 25 momn. CLLA B rog.

[IpuBeneHHAs CTOMMOCTD YCTAaHOBJICHHOTO 000OPYIOBaHUS ONpEACIAeTCS BRIpaKeHHEM [4]:

T
C, = CosT,, % (1)

rJie i- roJioBast MPOLIEHTHAsI CTaBKa, N — YUCIIO JIeT.

[IpuBeneHHAs CTOMMOCTD YHEPTHH B pacCMaTPUBACMOI CHCTEME TEIIIO00MEHA OTIPEICITUTHCS COOTHOIIICHUEM !

CE = QHminCH + QCminCC- (22)
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[Ipn yBennueHny mIomaay MOBEPXHOCTH TEINIOOOMEHA HOBOTO TEIUIOOOMEHHOTO amapara ero TeIrioBasi Harpyska

L

(el

BT

s

kHT

T

1 — na nepeom mennoodomennom annapame; 2-

15

R T

Ha 8MOPOM o

mennoobmennuxe; 3- Ha mpemvem; 4 — na yemeepmom, 5-
00Wasi MOWHOCMb PeKynepayuy menionvl 8 HOGol

Menio0OMeHHOU cucmeme.

15 S=10 W'

5 16l

1 — xonoonwix, 2- copsyux.

Puc. 5. MoHOCTE YTHJIHAT, NOTPedaseMbIX

Puc. 4. MomHocTh peKkynepanumn Tpomeccom.

TeNJI0BOI YHEePIruM.

Oymer Bo3pactaTh (puc. 4), a TEIUIOBass HArpy3Ka CYIICCTBYIOIIMX TEINIOOOMEHHHKOB OYAET YMEHBIIATHCS, XOTS
00111asi MOIIIHOCTh PEKYIEPAlUH TEIUIOTH Oy/EeT JIMIb yBEINYMBAThCs. BClencTBHE 3TOT0 MOIIHOCTH IOPSYHUX M
XOJIOJIHBIX YTHJIUT YMEHBIIAETCS C YBEJIMUEHUEM IMOBEPXHOCTH TEIUI0O0OOMEHa YeTBEpTOro ammapara (puc. 5).
YMeHbIlIeHHEe TEIUIOBOW HArpy3KH CYILIECTBYIOIIMX allapaToB IPOMCXOAUT B OCHOBHOM 32 CUET YBEJIWYCHUS
TETUIO0OMEHHO! TOBEPXHOCTH YeTBepToro ammapara. C yMEHBIICHHEM Harpy3Kd Ha CYIICCTBYIONIMX arapaTax
MPOUCXOTUT YMEHBIICHUE PA3HOCTH TEMIIEpaTyp TEIUIOHOCUTENICH Ha HHX, W yMCHBIICHUEC W3MCHCHHUS
TEeMIIEpaTypbl TEIUIOHOCUTENCH B arnnaparax (puc. 6).

HawuGosnbiiasi pa3HOCTh TeMIlepaTyp MEXIy TEIUIOHOCHTEISIMH, HAa4YWHAsi C HEKOTOPOHl BEIMYMHBI €ro
MMOBEPXHOCTH, Oy/IeT HAOI0/1aThCsl HA HOBOM TeII000OMeHHHKe. Kak clie/IcTBre Bce TeMIIepaTyphl TEIUIOHOCHUTENCH
Ha ropsdell CTOPOHEe HOBOIO TEIIOOOMEHHHMKA OyAyT CTPEMHTHCS K CBOMM TIPAHHYHBIM 3HAYCHHSIM Ha TOpsUcii

CTOPOHC, a TeMIIEpaTypa ropssucro TCryJIOHOCUTEI Ha XOJIOTHOM CTOPOHE HOBOT'O aImaparta K HeJICBOMY 3HA4YCHUIO.

JIist TOro 4TOOBI OMPENENUTHCSI C HEOOXOTUMOW IUIOMIANBIO .
MOBEPXHOCTH TEIUIOOOMEHa HOBOTO TEINIOOOMEHHHKA, MOCTPOUM
10,5 TIPUBEICHHBIC 3HAYCHUSA
[ . ] KamsaTpaT ¥ OSHepruu B
g : __,.-f"'f.- | 3AaBHCHMOCTH  OT  €ro
- e TTOBEPXHOCTH
i o g T teruoobmMeHa  (puc. 7).
| T VBennueHue
e P : TIOBEPXHOCTH MPUBOJUT K
2 . __:'.-hi______ | MoHOTOHHOMY pocTy ee
i ——— CTOMMOCTH u
_,..a-"'- _.. [ gl YBEJIMUCHHIO  CTOMMOCTH
i 5 T 1% .10 . CEKIMH TemnooOMeHHoro .
1 —20006as cmoumocme snepeuu; 2- ASMEIICHIS o fh 1 o 15 S
npugeoden ble KANUMAbHbIE IC)TOHMI(?CTB ’ SHepruu a) - usmeHeHue memnepamypsl X0100H020

sampamel; 3- 0bugas npueedeHHas
CHMOUMOCTL NPOEKMA
PEKOHCMPYKYUU.

BCJICICTBUE YBEIUYECHUS
MOILHOCTH PEKyIEpaLUU

mennonocumens. 1- memnepamypa 6xooa 6
41 mennoobmennux, 2- ¢ 3u, 3- 60 2u, 4 6
11, 6) - copauezo menionocumers 6

Puc. 7. lnckonTnpoBanHnyie T;IEJ;(LTLELSTCHMO%OT;T%I;Z 3A6UCUMOCIIU OM BETUHUHBL NIOWAOU
CTOMMOCTHBIE KpHBLIE 2,16]113,1 HﬁHBeﬂeHHaa N06EPXHOCIMU MENTO0OMEHA HOB020
CTOMMOCTH  IIPOEKTA PEKOHCTPYKIMH OyJeT HEMOHOTOHHON menjiooomennuka. - memnepamypa
Gyukupel. MuHUMalbHOE 3HA4YeHHe OyIeT COOTBETCTBOBATH 6b1x00a u3 120 mennooomennuka, 2- u3 2o,
MHHHUMAJIbHBIM MPUBEICHHBIM 3arparam Ha MPOCKT 3-us 320, 4 uz 4eo.

PEKOHCTPYKIMH TEIUIOOOMEHHOW CHCTEMBI, a BEJIMYMHA HOBOM
IUIOIIAM MOBEPXHOCTH TEIUI0OOMeHa OyIeT SBIATHCS ONTHMAIbHOM JUIsi NMPOSKTa PEKOHCTPYKLMHU. B Hamem
CJlyyae ONTHMAJILHOM BEJHUYHHOM SBJSETCS NIOBEPXHOCTH TEMI000MeHa miomaso 500 M2,

BroiBoabl

Puc. 6. I3meHnenne TemnepaTypbl

B pa60Te peuicHa 3a4a4a ONTUMHU3AalUN IPOCKTOB PCKOHCTPYKIHUHN JABYXITOTOKOBBIX TEI1000MEHHBIX CHUCTEM,
MO3BOJIAIOIIAad OUCHUBATDL PEKUMHBIC ITapaMeETpPhI pa60T1>1 TEII000MEHHUKOB ITOCJIE PEKOHCTPYKIHU.
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MMPOEKT TEPMOMOJAEPHU3AIIMU YYEBHOI'O KOPITYCA OHAIIT

Ilepersika C.H. kanj. TexH. HayK, AoueHT, Ko3unen A.1O. cTyneHT,
Bbangypa JILA. cTyaeHT
Onecckasi HAUMOHATBHASA AKAIeMH sl MMIIEBBIX TEXHOJIOT Ui

PROJECT OF THERMOMODERNIZATION OF THE EDUCATIONAL

CASE OF ONAFT
PERETYAKA S.N. cand. tech. sci., associate professor,
KOZINETS A.Yu. student, BANDURA D.A. student
Odessa national academy of food technologies

Annomayus. B cmamve paccmompen npoexm mepmomooepHuzayuu y4ebHo2o Kopnyca, Komopulii obecneuum
oonycmumvle ycnogus pabomel 6 yuebnom xopnyce O0ecckoll HAYUOHANLHOU AKAOEeMUU NUWEBLIX MEXHOL0UIL.
Ilposeden ananus cywecmeyrowux cucmem OMORNIEHUs 6 paszeumulx cmpanax. Ilpednooicenvrt meponpusamus
MEeXHUYeCKo2o U Oop2anHu3ayuoOHHOo20 Xxapakmepda, Komopwvle Nno360J510m obecneuums HOpmamueHvle yciloeus 6
ylle6Hblx aydumopuﬂx npu nojiHom omkaze om YeHmpajilbHOo2cO0 OMONJIEeHUAL. Hpoaﬂaﬂuaupoeaya BO3MOMNCHOCNb
6H€()p€Hu}Z cucmembvl IHepeemudecKkoco MeHeOAHCMeHmaA.

Abstract: The article considers the project of thermomodernization of the educational building, which will
ensure the admissible working conditions in the educational building of the Odessa National Academy of Food
Technologies. The analysis of the existing heating systems in developed countries is carried out. The proposed
technical and organizational arrangements that allow to ensure the normative conditions in classrooms with
complete refusal of central heating. The possibility of introducing an energy management system is analyzed. .

KiroueBbie cioBa: OTOIUICHUE, TCPMOMOACPHU3alUA, LHCHTPbI Y4UETa OHEPrur, CUCTEMA OHEPICTUYCCKOI'O
MCHCI’KMCHTAa

Keywords: heating, thermomodernization, energy accounting centers, energy management system

[Tnaneta 3emiiss CTPEMHUTEIBLHO MPHOIMIKACMCS K U3MCHCHHUIO KimMara. Takue KIMMATHYCCKUE H3MCHEHUS
MEPUOANYECKH CIYy4YaIUCh B UCTOPUH HAIllEH TJIaHEThI, OJJHAKO, BIIEPBBIE ATO BBI3BAHO JESATEILHOCTHIO YEJIOBEKA, U
CKOpPOCTh TEKYIIUX u3MeHeHui OecrpernieaeHTHa. COp, BBIACISIEMOTO IMPH CrOPAHUM KMCKOIMAEMOro TOILUIMBA H
KHCJIOPO/a, U3MCHSET COCTaB Hamiei atmocdepsl. Kpome Bcero mpouero, HEKOHTPOJIHMPYEMOE HCIIOIb30BAHUC
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