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AnHotanus. PaccmatpuBaercst pabota ycTaHOBKH NEpPBUYHOM nepepadotku HedhTu. AHanu3 paboTsl AeiicTByrouieii konoHHb! K-1 nokasain, 4ro
HMEIOTCS 3aMETHBIE KoleOaHus pexxuMa paboThl alapaTa B JICTHHIT IEPHOA M XOIOJHOE BPEMs Iojia, KaK CICCTBHE HAOIIOJAI0Ch U3MECHEHHUE
TeMIIepaTyphbl Bepxa KOJOHHBI M YXyIIEHHEe YETKOCTH pekthdukanuu ¢pakumid. s ucciaenoBanus crnocoOOB PeryinupoBaHUs MapamMeTpoB
oTOeH3uHMBAIONIEH KOMOHHBI K-1 TpOBE/IeH BBIYMCIIUTENBHBIN YKCIIEPUMEHT C MCIIONIb30BAaHHEM Mojenupyromiei cucrembr UniSim Design, B
KOTOpOH c(hOpPMHUPOBAIM MOJETH AalllapaToB U B IEJIOM MOJENb YCTAHOBKM. B KauecTBe MaTeMaTH4ecKoro IaKeTa I pacdera
TEPMOJIMHAMUYECKUX CBOMCTB KOMIIOHEHTOB CMECH UCIIONB30Baim Meton Peng-Robinson. CpaBHuBaich pacdyeTHbie OKa3aTen paboTsl IBYX
BapUaHTOB anmnaparypHoro opopmienus koinonHbl K-1. [To neppomy BapuanTy MoaearpoBaiu padboty KoioHHy K-1, B KoTopoii ChIpbE mocTynaer
Ha 19 Tapenky, ropsiuasi CTpys HOJAeTCs B HA3 KOJIOHHBI Ha 24 Tapenky, HeTSHOE OpPOLICHHE HAa 5 TapesiKy, UCIIONB3YETCsl OCTPOE OPOLICHUE U
HapLUHaIbHbIA KOHIEHCATOp. Y JaHHOTO BapHaHTA B IIPOMBIIUIEHHBIX YCIOBHAX HAOMIONAINCH HECTAOMIIHBIE TEXHOJIOTHUECKHE PEKHMBI BEpXa
KOJIOHHBI. JIJ1s OLIEHKH NPUHLMITHAIBHOM BO3MOXKHOCTH N3MEHEHHs anmnapaTypHoro oopmiieHus konoHHs! K-1 ObL1 BEIOpaH Apyroit BapuaHT, B
KOTOPOM OTCYTCTBYIOT OCTPOE€ OPOLICHHE U OpOILICHHE He(ThIO, BMECTE C TEM BBEACHO BEpXHEE LUPKYJALMOHHOE OpOIIeHHE ¢ 5-0i Ha 1-yio
TapelKy ¢ OXJIaXIEHHEM IOTOKA M COXPAHCHAa TCXHONOIWYecKas cxema (OpMUPOBaHMS U Ioja4y ropsaei cTpyn. CpaBHeHHE (GpaKIMOHHBIX
COCTaBOB OTOEH3MHEHHON HE()TU 110KA3a10, YTO JUIS PACCMOTPEHHBIX BAPHAHTOB HAOMIONAIOTCS NIPAKTHYECKU OJIM3KHE PACUETHBIE OLEHKHU, IPU
9TOM HCHOJIb30BAaHUE BEPXHEr0 LUPKYIISLHOHHOIO OPOLICHHUSI O3BOJISIET HE TOJIBKO Pa3rpy3UTh BEPXHIOK YaCTh PEKTU()UKAIIMOHHOH KOJIOHHBI
OT TEIUIOBOH HArpy3kd, HO M HCIIOJIb30BaTh 3HAYMTENIBHBIH TEIUIOBOM MOTOK XOJOJMWJIBHHKA BEPXHErO0 LUPKY/IALMOHHOTO OPOLICHUS IS
HPEBAPHUTENILHOIO IIOA0IPEBA HE(TSIHOTO ChIPbSI, YTO TAKKE 103BOJIUT CHU3HUTH OTPEOJICHUE KUIAKOTO TOILINBA ISl Nedei.

KatoueBsle ciioBa: nepepaboTka HedTH, KOJOHHA YaCTHYHOTr0 OTOCH3WHUBaHKs HedyTH, sHepronorpedienue, Hedts, UniSim Design
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Abstract. The operation of the primary oil refining unit is considered. An analysis of the operation of the operating column K-1 showed that
there are noticeable fluctuations in the operating mode of the apparatus in the summer and cold season, as a result, a change in the temperature
of the column top and a deterioration in the clarity of fraction rectification were observed. To study the methods of adjusting the parameters of
the K-1 topping column, a computational experiment was carried out using the UniSim Design modeling system, in which the models of the
apparatus and the installation model as a whole were formed. The Peng-Robinson method was used as a mathematical package for calculating
the thermodynamic properties of the mixture components. Comparison of the calculated performance of the two options for the equipment of
the column K-1. According to the first version, the operation of the K-1 column was simulated, in which the raw material enters the 19 tray,
the hot stream is fed to the bottom of the column to the 24 tray, oil reflux to the 5 tray, acute irrigation and a partial condenser are used. Unstable
technological regimes of the column top were observed in this variant in industrial conditions. To assess the fundamental possibility of changing
the hardware design of the K-1 column, another option was chosen, in which there is no acute irrigation and oil irrigation, at the same time,
upper circulating irrigation was introduced from the 5th to the 1st tray with cooling the flow and the technological scheme of forming and
feeding the hot jet was preserved. Comparison of the fractional compositions of the topped oil showed that for the considered options, there
are practically similar calculated estimates, while the use of upper circulating irrigation allows not only to unload the upper part of the
distillation column from the heat load, but also to use a significant heat flow of the cooler of the upper circulating irrigation for preheating oil
, which will also reduce the consumption of liquid fuel for furnaces.

Keywords: oil refining, oil partial topping tower, energy consumption, oil, UniSim Design

BBenenne YaCTMYHOE BBIICNICHHE OCH3MHOBOH  (hpaKuun
TexHnKO-IKOHOMHYECKHUE MTOKa3aTesn Hedre- B OTOCH3MHHMBAIOLICH KOJOHHE C MOCIEIYIOIIIM
nepepadaThIBalOIIero MPEANPUITHS BO MHOTOM (hpaKIWOHMPOBAHHEM HE()TH B OCHOBHOH aTMOCHEPHOI
onpenesstorcst dQPEKTUBHOCTHIO padOThI YCTAHOBOK ¥ BaKyyMHO# KononHax [1]. CosepiieHcTBOBaHNE
HEPBUYHON NepepaboTKy He(TH, B TEXHOIOTMYECKON TEXHOIIOTHYECKOH CXEMBI H YITydllieHHe MOKasaTeseH
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a TakKe BOMPOCHI SHEProcOepeeHNs paccMaTprBa-
10TCsI B psizie pabor [2, 3].

Heap paGoTbl — aHanmm3 padoTH QyHKITHO-
HHUPYIOIIETO y3/1a KOHJCHCALINH 1 OIIEHKA TPHHIIN-
MUATBFHON BO3MOKHOCTH HCIOJNB30BaHHS APYTHX
CIOCOOOB PETYIUPOBAHUS MTApaMETPOB OTOCH3MHU-
Batomeii KooHHsI K-1 st mocTimkenns crabmirbHOM
U SKOHOMHYECKH 3¢ ¢eKTuBHON paboThl Oi0Ka
YaCTUYHOT0 OTOCH3MHUBAaHUS HEPTH.

MeToabl

Ha pucynke | nokazaHa «rumoBash KO-
gouHa K-1[4] ¢ BXOOAMIMMH U BBIXOISIIAMH
TEXHOJIOTUUECKUMHU MOTOKaMU. ChIpbeM YCTaHOBKH
SBIISIETCS. HE(Th PA3IMYHBIX MECTOPOXKICHUN WM
cMech He()TH M Ta30BOr0 KOHAEHCAaTa. AHaIU3
pabotsl AeticTBytomieit konoHubl K-1 mokasai, uto
MMEIOTCSl 3aMeTHBIE KoJeOaHUS pexuma padOThI
anmapara B JICTHUH TIEpHOI U XOJIOAHOE BpeMsl rofia
(pHCYHOK 2), KaK CJE/ICTBHE HAOIIOIANoCh U3MEHe-
HUC TEMIICpATyphbl BEpXa KOJIOHHBI U YXYIAUICHUEC
y€TkocTh pekTudukanuu ¢Gpaxuii. BeposrHoii
MPUIMHON OTMEUEHHOTO MOIJIO OBITh OTCYTCTBHE 3a-
Taca 1o MOIIHOCTH KOH/ICHCAIIMOHHON ammnapaTypébl.

HanbHeilline HCCAEAOBAHUS MPOBOAMIU
C HCHOJb30BAHHUEM MOJEIHPYIOUIEH CHCTEMbI
UniSim Design [5], B koTopoii chopmupoBaiu
JIBE MOJICIIH anmaparoB (pUCYHOK | ¥ pUCYHOK 3) 1
B LIEJIOM MOJIENb YCTAaHOBKH. B kauecTBe MaTtemaru-
YeCKOro TMakera /Il pacdera TePMOJMHAMUYECKUX
CBOWCTB KOMITIOHEHTOB CMECH HCIOJIB30BaJIH METO/]
Peng-Robinson.

b
=

ras3
Condenser-+= Oen3un3
L-b—) 1
—
¢_He(Tb_Op Main
-3 TS
¢_Hedrn3
R
rcK-1rop
L =
or0_nedrn3

Pucynox 1. Mogpens komonasl K-1 (Bapmant 1):
c_He]Th3 — NOTOK CHIPOI HETH HA MUTAHUE KOJIOHHBI;
¢_He(Th_op — opomeHre noTokoM HedTH; rcK-1rop —
ropsidasi cTpys; ra33 — raszoBas (paxius; OeH3WH3 —
OensuHoBass  (pakums;  or0 HedTH3 —  (pakuuA
yacTUyHO  oTOeH3uHeHHod HedTm;  Condenser —
naplyaNbHBI  KOHAEHcaTop (pacmedyaTtka B cpefe
UniSim Design)

Figure 1. Column model K-1 (option 1)
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OneHka aJeKBaTHOCTH MOJENIU BBIIIOJIHS-
Jlach 10 T€XHOJOIMYECKUM IapaMeTpaM KOJIOHHBI
U aHauM3aM (PaKLHOHHOIO COCTaBa ChIPbS U IIPO-
IYKTOB CPaBHEHHEM PACUETHBIX U MPOMBIIIICHHBIX
manHeix [6-10]. B cocraB ra3oBoii 4acTH CHIPHS
BXOAMJIM YIJIEBOAOPOABI METaH, 3TaH, IPOIaH,
i-OyTtaH, N-OyTtaH, He(TsIHAS CMECh MPEICTaBICHA
¢pakuusiMH C TEMIepaTypod KOHIA KHUIIEHUS
ot 40 no 1124 °C Ha pucynke 4 npuBeneH rpadux
UTK pa3ronku HeTH.

P, MMa

0.44 P, MPa

0.41

3uma
‘Winter

Jerto
Summer

Pucynox 2. I'padux wu3MeHeHus [naBieHUs Bepxa
koJIoHHBI K-1 (pOMBIIIUICHHBIE JaHHBIC)

Figure 2. Graph of pressure change at the top of column
K-1 (industrial data)

Ilo mnepBoMy BapuaHTy MOAEIMPOBAIU
paboty kononny K-1, B koTopoii cbIpb€ mocrymnaer
Ha 19 Tapenky, ropsdas cTpyd HOJaeTcs B HHU3
KOJIOHHBI Ha 24 Tapenky, HeTaHOe OpOIIeHHE Ha
5 Tapenky, UCHOIb3YeTCsl OCTpOe OpOIIEHHE U Map-
IMaIbHBIN KoHAeHcaTop. Kak orMedeHo Bbliie, 11
JAHHOTO BapHaHTa B MPOMBILIUICHHBIX YCIOBHUIX
HaOrofanucy HecTaOWIIbHBIE TEXHOJOTHYECKHE
PEXUMBI BepXa KOJOHHBI. J1Jisi OLCHKH MPUHIIUITU-
AIBbHOW BO3MOKHOCTH M3MEHEHHUS allapaTypHOro
odopmitenust konmoHHEI K-1 ObIT BRIOpaH BapuaHT
(pucyHOK 3), B KOTOPOM OTCYTCTBYIOT OCTPOE OpO-
LIEHHE U OpOIIEHHE HEPThIO, BMECTE C TEM BBEICHO
BEpxHee LMPKY/siunoHHoe opoieHue (BLO1)
¢ 5-oi1 Ha 1-y10 TapenKy C OXJIaKIECHUEM IIOTOKA U
COXpaHEeHa TEXHOJIOIMYecKast cxema (OpMUpPOBAHUS
U TIOJIauM Topsiuel CTpyH, MOKa3aHHas Ha PUCYHKE .
Cxema ropstueii CTpyH COACPXHUT OTOOP U3 KOJIOHHBI,
Hacoc, IEJIUTENb IIOTOKOB Ha IIOTOK TOpsyell CTpyH
1 0aNaHCOBBI OCTaTOK (0TOCH3MHEHHAst He(Th) U
neyb. PenukiioBslii MOTOK chOpMHUPOBaH B cpeie
UniSim Design ¢ nomorigsto recycle logic.

Pe3y.]'[l)TaTI)I H oﬁcy)w]eﬂne

st mogenupoBanus paboTs! KoioHHEI K-1
B 000OMX BapHaHTaX WCIIOJIL30BAIN PEXHMHBIC
TEXHOJIOTHYECKHE TapamMeTpbl IMPOMBIIIICHHON
YCTAHOBKH: TeMIIepaTypa BepXa M HU3a KOJIOHHBI
Teepx = 140.5°C 1 Tuws = 245 °C nmaBnenue Bepxa u
HH3a KOJIOHHBI Pyepx = 3.28 Kr/cM? U Pyys = 3.4 Kr/CM?,
Temrneparypa cbipbs Tur = 250 °C, pacxon cbIpbs
G = 500 T/4ac, motok ropsiueii ctpyu Gr =~ 320 T/4ac.
Cx0aMMOCTh PacyeTHBIX NPOLIECCOB, BBIIOIHAEMBIX
Cpeloi MOAEIMPOBAaHMSA AJISl KOJOHHBI, MOJTy4YeHa
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IO CJIeTYIOIINM aKTUBHBIM CIICIIM(UKALUSAM: TEM-
repaTypa KOHIA KUTICHUS OCH3WHOBOH (pakiinu
UTK pa3ronku, BBIXOAAILIEH ¢ Bepxa KOJOHHBI,
Tw_TBP_100%vol = 180°C u Temmeparypa Hauana
KHUIIEHUS yXOJAIIed ¢ HWKHEW YacTu ammapara
oroensunennoir Heptu T, TBP 0%vol = 38 °C.
Paccuurannbie oneHku Temneparyp norokos BIIO1
¢ 5-oif Ha 1-yro Tapenku coctaBisiroT 159 u 99 °C
COOTBETCTBEHHO, TO €CTh 00ECIEeYHBAIOChH OXJa-
JKIeHUE MoToKa mpuMepHo Ha 60 °C

BepxKl
———
11O1_Q-Cooler .l 1
BILIO1_R

BIJO1_Cooler HO1_Return 5

BLO1_Draw 1 TS-1
nedrnd
2

———
reK-1rop2

016_nedru3-2

Pucynok 3. Mogens kononusl K-1 (Bapuant 2):
HedTh4 — MOTOK CHIPOH HETH HA MHUTAHUE KOJOHHBI,
rcK-1rop2 — ropsuas ctpys; BepxKl1 — rasosas mmtoc
OeH3uHOBass (pakuuy Bepxa KOJIOHHBI; O0TO He(pTh3—
2— (pakums dYaCTHYHO OTOCH3WHCHHOM HE(PTH;
BIIO1 Draw u BIIO1 Return— moTokm BepxHEro
mupKyssinmonHoro opoutenus; BIIO1 Cooler — xomo-
mubHUK (pacneyarka B cpeae UniSim Design)

Figure 3. Column model K-1 (option 2)
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Pucynok 4. UTK pasronka Hedtu (pacmnedyarka B cpeae
UniSim Design)

Figure 4. TBP oil distillation (printout in the UniSim
Design environment)

st cpaBHEHHS JOCTUTAEMBIX MOKa3aTeneu
mpolecca IO HCCIEAyeMbIM BapHaHTaM Jaiee
COTIOCTABJIJIM  COOTBETCTBYIOIIME IOJIyYE€HHBIE
pacuetHble 3HaueHus [11-20]. Ha pucynke 6 moka-
3aH XapaKTepHBIN A7l 000MX BapHAHTOB TEMIIEpa-
TYypHBIA PO IO BBHICOTE KOJOHHKL. BumHO,
YTO B MCUEPIBIBAIOMICH YaCTH KOJOHHBI B 00OMX
BapHaHTaX HAOIOAIOTCS PAKTUIECKH OJIM3KHE

Y

-
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Pucynoxk 5. Texnosorundeckas 00Bsi3ka kosontsr K-1 (Bapuant 2) (UniSim Design)

Figure 5. Technological piping of column K-1 (option 2) (UniSim Design)

TEMIIEPATYPBI, B TO BPeMs KaK B YKPEIUTIOLIEH YacTH
ONTUMAJIbHBIC TEMIIepaTypHble MPOQWIN TIO BbI-
COTE amnmnapara 3aMeTHO Pa3IMYaloTCsl, 4TO CBSI3aHO
C OpraHu3alueil B pacCMaTpUBAEMbIX BapHaHTaXx
Pa3IMYAIOLINXCS OPOLIECHHH.
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Ha pucynke 7 cpaBHUBarOTCS YpaKIMOHHBIC
COCTaBbl IOTOKOB YAacTHYHO OTOEH3MHEHHON
He(TH, HAOIFOIAIOTCS MPAKTHIESCKH OJIM3KHE pac-
YEeTHBIE OLICHKH.
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Temperature vs. Tray Position from Top Temperature vs. Tray Position from Top
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Pucynok 6. [Ipodwins M3MEHEHHs TeMITepaTyphl 1o Bicote KonoHHbI K-1: (a) — mmst Bapuanta 1; (b) — s BapuanTa 2
(UniSim Design)

Figure 6. Temperature change profile for column height K-1: (a) - for option 1; (b) - for option 2 (UniSim Design)
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Pucynok 7. UTK pasronka orOen3iHeHHOH Hedyr kosoHHbI K-1: (8) — st Bapuanta 1; (b) — mist Bapuanta 2 (UniSim Design)
Figure 7. TBP distillation of topped oil from column K-1: (a) - for option 1; (b) - for option 2 (UniSim Design)

pasrpy3uTh BEPXHIOK YacTh PEKTU(UKAIMOHHON
KOJIOHHBI OT TETIOBOW HArpPy3KH, HO U HCIIONH30BATh
3HauMTeNbHBIA TeroBoi notok (BLIO1 Q-Cooler)
VTS TIPEJIBAPUTEIIBHOIO TIOI0rPEBa HEPTIHOTO ChIPhS
Ha Omoke DJIOY, 4To TakKe MO3BOJUT CHHU3UTH
MoTpeOIIeHNE YKUIAKOTO TOTUTHBA TS TICUEH.

3akiIouyenue

[puBeneHHbIC PE3yJIbTAThI TOKA3BIBAIOT, YTO
JUTSL OpraHn3aIiy CTabMITbHOM paboTh! KooHHBI K-1
BO3MOYHO HCIOJIb30BAHUE BEPXHETO IUPKYIISAIIH-
OHHOTO OpOIICHHS, YTO IO3BOJIIET HE TOJBKO
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