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AHOTAIIS

Maamyk A. PexynepaTuBHUN TEIIOOOMIH Ha yCTaHOBII ra3o(paxilifoBaHHS Ta
KOMIIPUMYBaAHHS Ta30XIMIYHOTO BUpOOHMITBA. — KBamidikariiiiHa HaykoBa mpais Ha
paBax pyKOMIHCY.

Huceprairisi Ha 3100yTTS HAYKOBOTO CTYIICHs KaHIWJATa TEXHIYHUX HAYK (JIOK-
Topa ¢dinocodii) 3a crnemianbHicTIO 05.17.08 «IIpomecu Ta o6aagHAHHS XIMIYHOT TEXHO-
jorii» (16 — XimiyHa Ta OloiHkeHepis) — HarioHanbHUM TeXHIYHUN YHIBEPCUTET «Xap-
KIBCBKHM TOJITEXHIYHUM 1THCTUTYT» MiHICTepCTBa OCBITH 1 HayKu YKpaiHu, XapkKis,

2017 p.

[Ipotiecu mojiny 1 30kpema mporecu pekTudikallii ra30BUX 1 PIAKUX CyMIIIeH €
OJIHUMH 3 HAWOLIbII €HEPrOEMHUX Y MPOMHUCIOBOCTI. 3a OLIHKaMHu €KCHepTiB, 10 5%
BCI€i €Heprii, sKa BUKOPUCTOBYETHCS JHOACTBOM, CIIOKHBAETHCS CaMe B LIUX MPOLIECaXx.
Tomy nucepTarlisi IpUCBAYEHA BUPIMIEHHIO aKTyallbHOI HAYyKOBO-TIPUKJIAIHOI 3a/ayl
MIJBUILIEHHS MOTY>KHOCTI peKyIepalli TemIoBO1 eHeprii B Npo-1ecax peKTUudIKamii mu-
poxoi ¢pakirii gerkux ByrieBoHiB (ILIDJIB) i cynyTHix iM mporiecax.

B pe3ynbTari aHaMITUYHOTO OIJIAAY NyOJikailiii BUKOHaHA Kiacuikaiis Mme-
TO/AIB 301IBIIEHHS MOTY>KHOCTI PEKyIepallii TemIoBOi €Heprii B XIMIKO-TEXHOJIOTTYHHUX
nporecax 3 METOI 3HMKEHHSI MUTOMOIO €HEProCHOKMBAaHHSA B NMPOMUCIOBUX MpOIe-
cax. Po3risiHyTo MeTonu BHYTPIIIHBOI TEIMJIOBOI IHTErpalii peKTU(IKAIIHHUX KOJIOH,
K 3 1HTerparieto TeroBoro Hacoca (TH) 3 kononoto, Tak 1 6e3 inTerpartii TH. Po3ris-
HYTO po0OTH, K1 MOB'I3aH1 3 3aCTOCYBaHHAIM MeToJiB [liHU-aHami3y ans 30UIbLICHHS
MOTYXHOCTI TPOLECIB peKyrnepalii TeMIOTH Ha YCTAHOBKAX XIMIYHMX BHPOOHMIITB.
3pobiieHo anami3 poOiT, Kl MPUCBSYCHI 301TIBIICHHIO TUTOMOI MOTY>KHOCTI peKymnepartii
TEIUIOTH B TEpUTOpiabHUX BUpoOHUYMX Komiutekcax (Total Site Integration). B anamisi
nyOikamii okpeMo BiA3HaueHi podoTu mioHepiB B obiacti [uTerparii Ilporecis: mpo-
decopa b. Jlunuxodpda, npodecopa P. Cmita, mpodecopa I. Knemerna, a Takox podotu
BiTUM3HAHUX BuYeHUX: npodecopa JI.JI. TopaxusHcbkoro, npodecopa [1.0. Kamycren-

K0, podecopa JL.M. YaneBa. AHamni3 niTepaTypHUX JaHUX JO3BOJIMB 3pOOHUTH MOCTa-
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HOBKY 3aBJaHb JJIsl 30UTbIICHHSI MUTOMOT MOTY>KHOCTI IMPOIIECY peKymnepali TerioBoi
eHeprii Ha ycraHoBkax pektudikaiii [IIDJIB 3 oTpuMaHHsIM NpoIaH-TIEHTaHOBO1, TIPO-
naH-TeKCaHOBOi, OyTaHOBOI 1 1300yTaHOBOI (hpakiliii Ta MigiOpaTH METOIU 1X BUPIIICH-
HSI.

Jlna BuUpimeHHs AaHOi 3aaa4yi OyB OOCTEXEHHUU Mpolec pekymnepaiii TersioBoi
eHeprii y mexy ra3odpakiioHyBaHHS HadTONEpepoOHOTO 3aBOAY, IO CKIATAETHCS 3
nBox JdiHiM pexkrudikamii [LHIDJIB. Ogna 3 HUX — OTpUMaAHHSAM IPOIAH-TIEHTaHOBO1, 0Y-
TaHOBOI (hpakilii, iHIlIa — OTPUMAHHSIM IEHTaH-TE€KCaHOBOi, OyTaHOBOI 1 1300yTaHOBO1
dpakuiif. TakoX B TepUTOPIAIbHUN MPOMHUCIOBUIM KOMIUIEKC BXOJUTh YCTAHOBKA JIET-
KOT'O T1APOKPEKIHTY.

3a jmomomMororo mporpamHoro 3abesmeueHHs UniSim Design moOymoBaHi imi-
TamiiH Mozeni npoueciB oAty LIDITY.

AHani3 TEXHOJOTIYHUX MPOLECIB, 1X PErjJaMeHTIB, JaHUX IMITAI[IHHUX MOJAENEn
JTI03BOJIMB 3alMCaTH MOTOKOBY TaOJIMITIO MPOIECIB, IO JOCITIKYIOThHCS, 11 TaOIUIls €
U(QPOBUM YMHHUKOM TEXHOJOTIYHUX IMOTOKIB, IO OEpPYyTh y4acTh B CHUCTEMI TEIIO-
OoOMIHY ycTaHOBKHM. Takoxx moOyaoBaHa CITKOBa Jiarpama ICHYIHOUOi €HEproTeXHO-
JIOT14HO1 cucTeMu ycTaHoBKU pektudikaiii [IDJIB 3 oTpumaHHsIM MponaH-NeHTaHOBOT
1 OyTaHOBOi (ppakiiiii 1 BU3HAYEHA MMOTYKHICTh MPOIIECIB PEKYNEPATUBHOTO TEIJI000MI-
Hy Ha ycTaHoBII Qrec = 1230 xBt. [aHi, siki oTpuMaHi y pe3yibTari, aHalizy, J03BOJIH-
71 moOyIyBaTH CKJIAJ0OBI KPUBI Tpoliecy pekTudikalii i iCHyr0490i TerI000MIHHOT
pPEKyIepaTUBHOI CUCTEMHU 1 BU3HAYUTU MOTYKHICTh rapsiuux Qumin =67/274 kBT Ta xo-
gomaux yTumtT QCurin= 65982 kBT, mo nporec pexrudikaiiii croxuBae B JTaHUW Yac.
AHai3 CKIIaJOBUX KPUBUX JaB MOXJIMBICTh BU3HAYUTH MIHIMAJIBHY PI3HUITIO TEMIIEpa-
TYyp MDXK TEIUIOHOCISIMH B TEIUIOOOMIHHOMY o0yiagHaHH1 ycTaHOBKU ATwin = 30°C. La
BEJIMYMHA € MapaMeTPOM, IKUH MOKa3ye MOXKIIUBICTh 301JIbILIEHHS TOTY>KHOCTI peKyIie-
pariii TerI0BOi €Heprii B mpolieci.

Ha ocHOB1 TeOpeTHYHOTO aHai3y CUCTEMH TEXHOJIOTIYHUX MOTOKIB MPOIIECY pe-
krudikaiii [IDIJIB, 3 3acTocyBaHHSIM METOIB MiHY-aHATI3y, BU3HAUEHO ONTHMA-JIbHE
3HAYEHHSI MIHIMAJIbHOI PI3HMII TEMIEpPATyp MK TEMIOHOCIAMU ATopmin = 6 °C, 1 11

I[bOT0 3HAYEHHS MMOOY0BaHa CITKOBA Jlarpama Ta TEXHOJOTIYHA CXeMa MPOEKTY PEKOH-
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CTPYKIIIi CHUCTEMH PEKyNepaTHBHOTO TEIUIOOOMIHY 1 BH3HAY€HO OCHOBHI IapaMeTpu
HOBUX TETUIOOOMIHHHKIB.

B pe3ynbrati npoekTy peKOHCTPYKIIii, 10 0yJ0 3alIpOMOHOBAHO, TOTYKHICTh pe-
KyTiepailii TerioBoi eHeprii crane piBHOWO Qrec = 13575 kBT, T0OTO 3011BIINTECS HA
1102 %, mOTY>KHOCTI Tapsi9uX 1 XOJOAHUX YTWIT OymyTh PiBHI Qumin = 54914 kBT,
Qcmin= 53658 kBT, T06TO 3HM3ATECA HA 18,37 % 1 18,67% BinmosimHo. Teopernynuit
aHaJi3 CUCTEMH TEIJIOOOMIHY 3 JIOIOMOIOI0 arapary CKJIaJI0BUX KPUBUX JO03BOJIMB BH-
3HAYUTh OOMEXKYBaJIbHUN (PAKTOp U MOAAIBLIOTO 30UIBIICHHS MOTYKHOCTI peKyIe-
paitii TErIoBOi €HEPTii.

AHaJli3 1HTErpoBaHOI CUCTEMHM TeII000MiHy mpouecy pektudikaii [HIDIJIB 3
nonomorow Benukor cknagosoro kpuBoi (BCK) no3BosuB ycyHyTH 0OMeEXyBaabHUN
(bakTop 3 MOMOMOIOI CTBOPEHHSI METOJy ONTHUMAIbHOI 1HTErpallii peKOMIIPECIHHOTO
teroBoro Hacocy (TH) y Bxke iHTerpoBaHui mpoiiec peKTudikarii.

[To6ymoBani imitartizini UniSim Design moxeni interparii TH B oOuaBa nporecu
pextudikarii, Skl TATBEPAWIN 301IBIICHHS MOTYKHOCTI peKyrepallii TeriIoBoi eHeprii
B npouect pektudikarii [LHIDJIB 3 oTpuMaHHsIM nponaH-NeHTaHOBOI 1 OyTaHOBOI (pak-
1111, Y MOPIBHSIHHI JI0 1CHYIOUOTO Tporiecy, Ha 1590 %, a mOTyX HICTh Tapsiuux 1 XOJ0I-
HUX YTWIIT 3HWXKY€EThCS Ha 72% 1 73% BianosigHo. I[Ipu iHTErpatiii TermioBoro Hacoca B
npouec pektudikanii HIDJIB 3 oTpuMaHHIM MEHTaH-TEKCAHOBOI, OyTaHOBOI 1 1300yTa-
HOBO1 (hpakiiii MOTYXHICTh peKymeparii 301IbIUThCA BiA 3HaueHHs 1725 kBt mo
21270 kBT, To6TO Ha 1233 %, a criouBaHHS rapsiaux YTUIIT 3HU3UTHCS Bl 3HAUCHHS
41112 kBt no 22490 kBT, T06TO Ha 53%, XOMOMHUX YTWIIT 3HU3UTHCSA BiJl 3HAYCHHS
42812 kBt no 3nauenns 23260 kBT, To0T0 Ha 54%.

JI1s moanbioro 301IbIIEHHS MOTY>KHOCTI MPOILIECIB peKymepallii TErniIoBoi eHe-
prii BUKOHAHO aHai3 yChOTO0 TEPUTOPIATILHOTO KOMIUIEKCY YCTAaHOBOK pPEKTH(I-KaIlii
IHI®JIB (Total Site interpamis). 3a gonomoroo BCK mporeciB pektudikaiiii Brepiie
noOy/I0BaHO TEIUIOBUI MpO(diib KOMILIEKCY pi3HUX ycTaHOBOK pekTudikauii [HIDJIB,
aHaI3 SKOTO JO3BOJIMB BU3HAYUTH TEXHOJIOTIYHI MMOTOKH, HA SIKUX MOKJIMBO BCTAHOBH-
TH J0JIaTKOB1 pEeKyMNepaTUBHI TEIJIOOOMIHHI anapaTH, 110 Jajd0 MOMJIMBICTh 301JIBIIUTH

NOTY)XHICTh peKyreparlii TernoBoi eneprii Ha 23,4 MBT. B pesynbrarti iHTerpamii kom-
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IJIEKCY YCTAHOBOK 3arajbHa MOTYXHICTh peKyIepalii TerioBoi eHeprii 30UIbInIacs Ha
1986 %, a mMOTYXHICTh TapAuUX 1 XOJOAHUX YTHIIT 3MeHIIMIaca Ha 51% MOpIBHAHO 3
YTHJIITAMH TIPOIIECIB Y TETEpintHii yac. B mucepTartii st KO)KHOTO 3 3allPOTIOHOBAHUX
MPOCKTIB 30LJIBIIEHHS MOTYXKHOCTI peKyIepallii TErIoBO1 eHepTii BUKOHAHO €KOHOMIY-
HUI aHami3.

B mucepTartii Takox BUpimIeHa 3a1ada 30UTBIICHAS MOTY)KHOCTI peKymneparii Te-
IJIOTH B ICHYIOYIH JBOX-TOTOKOBIM TEIJIOOOMIHHIA CHUCTEMI 3 HAsSBHICTIO YTHUJIITHHX
NUIAX1B. BU3HAaYEHO 3aJIEKHOCTI TeMIepaTyp TEIJIOHOCIIB 1 TEMJIOBUX HABaHTAKEHb Ha
TEIJI000MIHHOMY OOJIaJIHaHH1 BIJl JJOJATKOBOI IO TOBEPXHI TEIJIOOOMIHY 1 IHTEHCH-
BHOCTI Teruionepenayl. BusHaueHo HalOUIbII NPUIHITHE PO3MIIIEHHS HOBOI MOBEPXHI
TEIJIO00MIHY 1 3HAiIeH] 3HAYeHHS IUIONIl MOBEPXHI TEIUIOOOMIHY JIi MIHIMAJIbHOI
MPUBEIACHOI BAPTOCTI MPOEKTY PEKOHCTPYKIlI Ta MIHIMAJIbHOTO TEPMIHY OKYITHOCTI.
CTBOpPEHO METOJ, AJITOPUTM 1 MpOTpaMa PO3pPaxyHKy JTOJATKOBOI ILJIOII MOBEPXHI TEI-
J000OMIHY JIJisl IBOX-TTIOTOKOBUX CUCTEM pEeKyIepalii TerioBoi eHeprii.

Knrwouosi cnosa: pexynepailis, TEIUIOBa €HEpris, pekTudikallis, mupoka Gpakiris
JIETKUX BYTJIEBOAHIB, IHTErpallisl MPOILIECiB, TEIUIOBUIM HAcoc, IMiTallliiHa MOJAEIb, TEll-
J000MiH, TeIII000MIiHHA MeperKa, TeII000OMIHHMIA anapar, mHd anati3z, UniSim Design,

Total Site.
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ABSTRACT

Maatouk Abbass. Regenerative heat exchange in the fractionation and com-
pression of gas in the chemical production. — Qualification scientific work as a
manuscript.

Thesis for granting the Degree of Candidate of Technical sciences (PhD degree)
in specialty 05.17.08 «Processes and equipment of chemical technology» (16 —
Chemical and bioengineering) — National Technical University «Kharkiv Polytechnic
Institute» of Ministry of Education and Science of Ukraine, Kharkiv, 2017.

The processes of separation and especially rectification of gas and liquid mixtures
are one of the most energy consuming in the industry. Under the experts estimation, up
to 5% of all energy that is used by the humanity is consumed in these processes. That is
why the dissertation work is devoted to the solution of ac-tual research-and—applied
tasks of increase of capacity of recuperation of heat energy during the processes of

rectification of wide fraction of light hydrocarbons (WFLH) and related processes.
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As a result of the analytical review of the publication, the classification of the
methods of increase of capacity of recuperation of heat energy in chemical techno-
logical processes with the purpose of decreasing of specific energy consumption
intensity in production processes was carried out. The methods of internal heat in-
tegration of rectification columns as with integration of the heat pump (HP) from the
column and without integration of HP were considered. The works, which were
concerned with the application of Pinch Analysis methods to increase the capacity of
recuperation of heat energy on the plants of chemical production, were examined. The
analysis of works, which were related to the increase of specific energy consumption of
heat in the territorial production complexes (Total Site Integration), was carried out. In
the analysis of publications, the works of pioneers in the field of Integration Processes
such as Professor B. Linnhoff, Professor R. Smith, Professor J. Klemes, and the works
of scientists of our country such as Professor L. L. Tovazhnyansky, Professor
P. A. Kapustenko, Professor L. M. Uliev, are mentioned in particular. The analysis of
published works allowed putting to the tasks of increasing the specific energy
consumption of the process of heat recuperation on the rectification plants WFLH with
the production of propane-pentanoic, propane-hexane, butane and isobutene fractions
and finding the methods of their solution.

To solve the given task, the process of heat energy recuperation in the gas-
fractionation shop of the oil refinery, which consisted of two lines of rectification
WFLH was studied. One of the tasks is to get propane-pentanoic, butane fractions; the
other is to get pentane-hexane, butane and isobutene fractions. In addition, the
installation of primary creaking enters into the territorial production complex.

The simulation models of the separation of WFLH were designed with the help of
the software UniSim Design.

The analysis of technological processes, their regulations, and data of simula-tion
models permitted to record the production line table of the process under the research.
Such table is the numeral factor of the technological flows that take part in the system
of heat exchange of the plant. And also, the net diagram of the existing capacity

technological system of the rectification plant WFLH with obtaining of propane-
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pentanoic and butane fractions was established. Moreover, the capacity of the processes
of the recuperative heat exchange on the plant Q.=1230 kW was determined. The data,
which were obtained as the result of the analysis, allowed to construct composite curves
for the rectification process for the existing heat ex-change recuperative system and
determined the capacity of hot Qumin =67274 KW and cold utilities Qcmin= 65982 kW,
which the process of rectification consumed at that moment. The analysis of the
composite curves gave the opportunity to deter-mine the minimum temperature
difference between the heat transfer agents in the heat exchanging equipment of the
plant ATwin = 30 °C. This value is the parameter, which shows the ability to increase the
capacity of recuperation of the heat energy in the process.

On the basis of the theoretical analysis of the system of technological flows of the
process of recuperation WFLH, with the use of Pinch Analysis methods, the optimal
value of the minimum temperature difference between heat-transfer agents AToptmin
= 6 °C was determined, and for this value a net diagram and technological scheme of the
project of reconstruction of the system of recuperative heat exchange were constructed.
The main parameters of new heat exchangers were defined.

As the result of the project of reconstruction, which was proposed, the ca-pacity
of the recuperation of heat energy would be Q. = 13575 kW that is, it would increase
by 1102%, the capacity of hot and cold utilities would be Qumin =54914 kW, that is they
would decrease by 18.37% and 18.67% accordingly. The theoretical analysis of the heat
exchange system with the help of composite curves device allowed establishing limit
factor for the further increase of the capacity of heat energy recuperation.

The analysis of the integrated heat exchange system of the process of rectifi-
cation of WFLH with the help of the big composite curve (BCC) made it possible to
eliminate the limit factor with the help of creation of the method of optimum in-
tegration of recompression heat pump (HP) into having been integrated process of
rectification.

The constructed simulation UniSim Design models of HP integration in both
processes of rectification, which proved the increase of the capacity of recuperation of
the heat energy in the process of rectification WFLH with obtaining of propane-
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pentanoic and butane fractions comparing to the existing process, by 1590 %, and the
capacity of hot and cold utilities decrease by 72 % and 73 % accordingly were created.
During the integration of the heat pump in the process of rectification WFLH with
obtaining of pentane-hexane, butane and isobutene fractions, the ca-pacity of
recuperation increases from the value 1725 kW to 21270 kW that is, by 1233 %, and the
consumption of hot utilities will decrease from the value 41112 kW to 22490 kW, that
is by 53 %, cold utilities will decrease from the value 42812 kW to the value 23260 kW,
that is by 54%.

For the further increase of the capacity of the processes of heat, energy recu-
peration the analysis of the whole territorial complex of rectification plants WFLH
(Total Site Integration) was conducted. Using BCC of rectification processes, for the
first time the heat profile of the complex of different rectification plants WFLH was
constructed, the analysis of them made it possible to determine technological flows, on
which it was possible to install additional recuperative heat exchangers that helped to
increase the capacity of recuperation of heat energy by 23,4 MW. In the result of
integration of the plants complex the total capacity of the recuperation of the heat
energy increased by 1986 %, but the capacity of hot and cold utilities increased by 51 %
comparing with the utilities of processes currently. In the dissertation work, the
economic analysis for each of the proposed project of the increase of capacity of
recuperation of heat energy was carried out.

In the dissertation work, the task of increasing the capacity of recuperation of heat
in the existing two-flow heat exchange systems in the presence of utility paths was
solved. The dependence of heat carries temperature and thermal loading on heat
exchange equipment on additional area of heat exchange surface and intensity of heat
transfer were determined. The most suitable placement of the new heat exchange
surface was determined and the value of the area of the surface of heat ex-change for the
minimum present value of the project reconstruction and minimum payback term were
found. The method, algorithm and program of the calculation of the additional area of
the surface of the heat exchange for two-flow systems of the recuperation of heat energy

were created.
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