TexHn4yeckue rasbl, N2 4, 2012

YK 621.594; 575,3; 536,7; 482

I'.K. Jlaspenuenko, A.B. Konotmun
YKpanHckast accolialysi pou3BoUTe el TeXHHUeCKHX ra3oB « YA-CUTMA», a/s 188, 1. Onecca, Ykpauna, 65026
e-mail: uasigma@ paco.net

PELLIEHUE 3AAA4YY MPODECCOPA B.C. MAPTbIHOBCKOIO

[Ipogheccop B.C. Mapmeinosckuil 8 c80é spems cpopmyauposar 3adauy: «Ecau ucnoreso-
samo x0400, Bobipabamol8aemvlii YCMAHOBKOLU, 048 AUKBUOQUUU 3ACPASHEHUL om
cObCMBEHHOU KOMEeAbHOU, MO OCMAHemcs Al X0A00 04 O4UCMKU 8030Yxa om 3azpasHe-
Hull, cosdasaemolx Opyeumu ucmounuxamu?». Peuwenuto sadauu nocsaujerna OdanHas
cmamos, 8 KOMOPOU HA OCHOB8E NPOBEOEHHbIX UCCAe008aHULl DOKA3AHA B03MONCHOCTL
cosdanus u obecnewerus pabomor makot YcmarHosKu. a1 3moeo pazpabomana cxema u
memoouka pacuéma ahpheKkmusHbLX IHePSOMEXHONL0ULECKUX KOMNACKCO8, NOMpPeOisiio-
wux npupooHulil eas, 041 NPouUs8oo0CcmBa HUOKO2O HUZKOMeMNnepamypro2o ouokcuoa ye-
aepoda, ea3zo0bpasroeo azoma u srexmpoanepeul. [Ipedroacena memoduxa onpedesenus
ycaosull, coomsemcemayroujux makcumymy Koagpuyuernma oxcuscerus CO, 8 oxcudxcumene
duokcuda yerepoda, pabomaroujeco no yukay 8o.cokoeo dasrerus. [locmasaena u pewena
3adaua onpedeseHus ONMUMALLHO20 COCMABA YUPKYAUPYIOUWee0 AMUHOB020 pACMBopa 8
abcopoyuoHHo-0ecopbyuoHrol yemaroske, codepacauieco 10 % MIA u 40 % MIIIA, ko-
mopeltl omesewaem MUHUMAAbHOMY YOCAbHOMY NOMPebACHUIO MENAOMbl HA PeeeHepayuio
pacmeopa 4500 kllwc/ke CO,. Cozdana memoduka pacuéma kospuyuenma usboimea
8030Yxa U KOAUUECMBA NPUPOOHO0 2a3a, N00ABAEMO20 8 KO2eHepaAyUOHHYIO YCMAaHOBKY,
028 docmudicerus eé padbouux xapakmepucmuk. Haiiden u o6ocrnosar cnocob aggexmus-
HO20 BKAIOUEHUA KO2eHepPayUOHHOU YCMAHOBKU 8 COCMA8 IHepP2OMexHOA0UUeCKO20
KOMNAEKCA U OpeaHu3ayill npoyecca eopeHus npupoorHo2o easa 8 cpede Kucaopoda dvbimo-
8bLx ea3o8. Onpedenerbl XapaKkmepucmuKu IHepeomexHoL02ULeCKO20 KOMNAEKCA 8 Peci -
Mme nepepabomru ONOAHUMEAbHbLX CIMOPOHHUX ObiMOBbLX 2a308. [Ipu amom npoussodu-
meabHocmo no scudkomy Huskomemnepamypromy CO, u eazoobpasrnomy N, moscem yse-
audumocs 8 1,5 pasa. Onpedeserol IHepeemuueckue XapaKmepucmuKku u npoussoou-
MeAbHOCb IHeP2OMEXHON02ULECKO20 KOMNACKCA, NOOMBEPIHOAIOUULE BO3MONCHOCTL €20
ABMOHOMHOL pabomuL ¢ 8bLCOKOL mepmoduramuueckoll aggexmusnocmoro (m, =21 %).
Katouesoie crosa: Inepeomexroroeuneckuti komnaexc. [Ipupoodnuiil eas. /luokcud yere-
poda. Asom. Saexmposnepeus. Ikcepeemuueckuil KI/l. Koeenepayuonnas ycmanoska.
Odicuscumens duokcuda yeaepoda. AbcopouyuonHo-decopbyuonnas ycmanoska. lenepa-
mop OblMOBbLLY 2A308 CIEXUOMeMPULEcK020 COCMABA.

G.K. Lavrenchenko, A.V. Kopytin
SOLUTION OF THE PROBLEM BY PROFESSOR V.S. MARTYNOVSKY

Professor V.S. Martynousky at one time formulated the problem: «If you use the cold pro-
duced by the plant, for liquidation impurities from the its own boiler then will be a cold for
cleaning the air from impurities created by other sources?». This article is devoted solution
of the problem, in which on the basis of carried out researches demonstrated the possibility
of establishment and maintenance work such installation. For this a scheme and method
calculation of the effective energy and technology complex that consumes natural gas for
the production of low-temperature liquid carbon dioxide, nitrogen gas and electricity were
developed. The method of determine the conditions corresponding to the maximum coeffi-
cient liquefaction of CO, in the carbon dioxide liquefier, working on a cycle of high pressure
was proposed. The problem of determining the optimal composition of the circulating amine
solution in absorption and desorption installation containing 10 % of MEA and 40 %
MDEA, which corresponds to the minimum specific consumption of heat for the regenera-
tion solution is 4500 kJ/kg of CO,, is posed and solved. The method of calculation coeffi-
cient of excess air and quantity of natural gas supplied to the cogeneration unit, to achieve
its performances, was created. Established method of calculating the excess air ratio and the
amount of natural gas supplied to the cogeneration unit, to achieve its performances. Found
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and proved way of effective including a cogeneration unit in the energy and technology
complex and the organization of the combustion process natural gas in oxygen smoke
gases. The characteristics of the energy and technology complex in the mode of processing
the additional third-party of smoke gases are determined. In this case the performance of
low-temperature liquid CO, and of the gaseous N, can be increased by 1,5 times. The energy
characteristics and performance of the energy and technology complex, confirming the pos-
sibility of it's an autonomous with a high thermodynamic efficiency (n.=21 %) are deter-
mined.

Keywords: Energy and technology complex. Natural gas. Carbon dioxide. Nitrogen.
Electricity.  Exergy efficiency. Cogeneration unit. Carbon dioxide liquefier.

Absorption-de-sorption unit. Generator of smoke gases the stoichiometric composition.

OBO3HAYEHUA

AJTY — abcopOLUHOHHO-1ecOPOLMOHHAST YyCTAHOBKA,
BO — 60K ocyniky;

I'B — ropsiuas Boja;

['C — raszoBasi cMech;

JII' — apIMOBOI ras;

JII'CC — npIMOBOIi Ta3 CTEXHOMETPHUECKOTO COCTABA,;
KA — KoresibHblil arperar;

Kun — KunsiTHiIbHUK;

KM — komnpeccopHast MalluHa,

Konn — koHzneHcatop;

KY — korenepatinonnas yctaHoBKa;

MIDA — meTuau3TaHOIaMUH;

M3A — mMoHO3TaHONIAMHH;

1. BBEAEHUE

B monorpacdun «LIuK/bI, cXeMbl H XapaKTepUCTHKHU
TepMoTpaHcopmaTopos» rnpoceccop B.C. MapTtbiHoB-
CKHMH copMyspoBall cleyiolyio 3aaady: «Ecin uc-
10J1b30BAThb X0JIO, BblpaOaTbiBaeMblil yCTAHOBKOH, MJIst
JIMKBUJIALUMK 3arpsi3HeHH OT COOCTBEHHOH KOTEJIbHOH,
TO OCTAHEeTCs JIU XOJIOJ JUIsl OYMCTKM BO3JyXa OT 3ar-
psI3-HeHMH, CO3/IaBaeMbIX IPYTHMH UCTOYHUKAMU?» [ 1].

[1pu Bceit KpaTKOCTH M JJAKOHMUHOCTH 3a/1a4l, KOTO-
pasi MHTYHTHBHO TOHSITHA, OHA BCE-TaKW HYyKIAaeTcs B
MOSICHEHHH W yTouHeHuH. M3 ycsioBust 3a1auu ciemyer,
YTO XOJIOAWJIbHAS MalllMHA JOJ/LKHA OBITh TerJouC-
noJib-3yotiieil. E€ HagHaueHne — OYMCTKA OT 3arpsizHe-
HHUI JILIMOBBIX I'a30B, BO-TNE€PBbIX, COOCTBEHHOH KOTE/Ib-
HOM, BO-BTOPBIX, CTOPOHHHX HCTOYHHKOB.

[Ton 3arpsisHeHUsIMU CJIelyeT MOHUMATh TUOKCHJL YT~
Jiepoja (NapHUKOBBIH ra3), Colep:Kalluics B JIbIMOBbBIX
rasax, 06pasyIolnxcst B peadyJ/ibTaTte CropaHust TOmJnBa B
COOCTBEHHOI KOTEJIbHO! WJIH B IPyrOM arperare.

YeraHoBKa Jylst OUMCTKH OT 3arpsi3HeHUIl 10/KHA pac-
rnoJiaratbCsl B HEMOCPEACTBEHHON GJIH30CTH OT BHEILIHEro
MCTOUHHKA IBIMOBBIX Ia30B, YTOObI BBIMTOJHNTL CBOE MPe-
Ha3HauyeHHe. DTO MO3BOJIUT COKPATUTD 3aTpaThl Ha cOOp U
rojiauy JIbIMOBBIX Ta30B Ha 1epepaboTKy H OUHCTKY.

Anamus 3anaun B.C. MapThlHOBCKOr0 MOKa3bIBAET,
4TO CaMOro yjajeHust AMOKCHIA YIyIepojia U3 JILIMOBBIX
raszoB HejlocraroyHo. Heo6xommo nosyunts CO, B Bujie
JKMJIIKOCTH TIPH  HHU3KOH TeMmrepaType ¢ JaBJeHHeM
P,<P<1,8 MIla, rne P,, — naB/jeHHe B TPOHHOH TOUKe

OJIY — oxKuKUTEJIb IMOKCHIA YIIEPOJIA;
OxJ1 — oxJIaXKIaKo1Lu# ras;

[II' — npupoanblii ras;

[ITY — napotyp6uHHasi ycTaHOBKa;

Per — perenepupytoliuii ras;

TY — TpaauuMoHHas yCTaHOBKA;

XM — xoJionuabHAS MallluHa;

LIBJI, — UMK/ BLICOKOTO JaBJICHHUSI;

LICII — UMKJI CpeJIHero IaBJeHuUs;

O — 3JeKTPO3IHEPrHs;

ITK — sHeproTexHoJ0rHuecKuii KOMILIEKC;
LTLCO, — »uaxuit HU3KoTeMnepaTypHbIH IHOKCH -
Jla yrJjepoja

CO,. JInokcuj yryiepoa B TaKOM COCTOSIHUH — YHUBEP-
caJIbHbIH MPOJYKT /151 TPAHCIOPTHPOBAHUS, XPAHEHHST U
MPUMEHEHHs, a TaKXKe JUIs TTOC/EIYIOIIero 3aX0pOHEeHH s
WK HCIOJIb30BaHUs, KOTOpoe Obl MO3BOJIMJIO €ro Bep-
HYTb B TJ100a/IbHbIH MPUPOAHBIH LMK/, HAPUMED, B pe-
3yJbTaTe MPOM3BOACTBA Kapbamuaa — 3(HHEeKTHBHOTO
yno6penust. Cjie0BaTesbHO, BO-MEPBbLIX, HEOOXOAMMO
M3BJIeUb JIMOKCHJL YIJIepPOjia U3 JIbIMOBBIX Ia30B, BO-BTO-
PBIX, TIOJYUHTb €r0 B KOHAEHCHPOBAHHOM HU3KOTEMIIEpa-
TYPHOM COCTOSTHHH.

H3sBecTHO, uTO HanboJsee pacrnpocTpaHéHHBIMK CIIO-
cobamu uasseuennst CO, U3 Ta30BbIX cMeceH, B TOM YHC-
Jie ¥ M3 JILIMOBOTO Ta3a, sIBJASIOTCS CJIeyloliHe:

1. Boimopaxkusanue CO, Ha MOBEPXHOCTSIX, OXJIaXK-
JIAeMbIX BHELIHEH XOJIOAU/IbHON MALLMHOM.

2. Beimopaxuanne CO, U3 TOTOKa IIMOBOTO Tasa,
OXJIa2KAaeMOT0 MPH PaCIIMPEHHH ero B TypOojeTanaepe.

3. Boiresienne CO, ¢ nomoliibto npoteccoB abeopo-
LMH-JIECOPOLHH.

M3 Bcex mepeuncieHHbIX Coco60B TOJIBKO B OTHOM
MCIIO/Ib3YETCsT XOJIO/IMJIbHAST MalllMHa, KOTopast J0JKHA
OXJIa’K/IaTh MOBEPXHOCTh Ternja000MeHa, Ha KOTopoH Oy-
JIeT BBIMOPAXKUBATHCS IMOKCH]L YTJIepo/ia U3 IbIMOBBIX Ta-
30B. TemmepaTypa TMOBEPXHOCTH BbIMOpaXKHBATEJIsl
0J/1-HO3HAYHO OTpPEJIeISIeTCs] KOHEUHbIM 3HAY€HHEM CO-
aepxanusi CO, B IBIMOBBIX I'a3ax M JI0JKHA OBbITh HUXKE
TeMrepaTypbl HACBILLCHUS AHOKCHAA YTJIepoaa B COOTBE-
TCTBHM C €ro napliMajbHbIM JiaBjeHueM B cMecH. Tak,
HanpuMep, ecn B KOHIE Mpollecca, KOTOPhIl peasnay-
eTcs pu aTMocepHOM AaBJeHuH, conepxkanme CO, coc-



