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AKTYanbHOCTb paboTbl ONPenensieTcs HEOOXOAMMOCTbIO 3aLUMThl arperatoB MapoBoAsHOro Tpakta TIC npy NpoCTosiX OT CTOSHOYHOM
aTMOCGHEPHOW KOppO3uM.

Llenb pa6oTbi: poBECTY CONOCTABUTENbHbIV aHaIN3 BAPUAHTOB OCYLLEHIS BO3AYXa B arperatax napoBoAsHoro tpakta TIC ¢ noMoLLbio
cunvKaresns, pa3mMeLyas ero B 0JHOPa30BbIX KOHTENHEPaX, MM UCMOb30BaHNSA MCEBLAOOXMKEHHOIO CIIOA.

MeTopabl uccnefoBaHus: Ha OCHOBE anpobyPOBaHHbIX METOAVK MPOrHO3MPOBAHMS XapaKTEPUCTUK YCTaHOBOK [/ OCYLLIEHMNS BO3AYXa
0T N1apoB BoAb! aACOPOEHTaMM OCYLLECTBIEHA OLieHKa WX MPUMEHUMOCTY B arperatax napoBoAsHoro Tpakta T3C.

PesynbTatbl: PaccMoTpeHa 3aAa4a 0 KOHCepBaLmy arperatos napoBOASHOrO TpakTa TeMI0BOV 31eKTPUHECKOM CTaHLMM C MOMOLLbI0 af-
copbeHToB (cunvkarenew, UMonuToB 1 Ap.), LWMPOKO MPUMEHSIOLUMXCA MPY CYLIKE W Pa3[ENEeHUN [a30B W XWAKOCTeN, B npoLecce
OYMCTKM AbIMOBbIX ra30B OT AMOKCMAA yriepoda. OTMeYeHo, YTO NPy NoAAEpXaHM TPeBYeMOw BIaXHOCTV B 3aMKHYTbIX 0Obemax ocy-
LeHUe NPONCXOAMT B CTaTUHECKMX yCoBusaX. [TpOLECC HacbILLeHUS CUavKareney Baarovi XapakTepum3yeTcsl Manon CKopOCTbiO, 3aBUCA-
Ljev B OCHOBHOM OT pa3MepoB ero rpaHys. BrnaroemMkocts cunuvkarens npy ukcupoBaHHON OTHOCUTENIbHOW BIIAXHOCTY ra3a M3MeHs -
eTCA He3HaynTeNIbHO. Kpome Toro, paccMOTPeH BapyaHT UCTOTHEeHUSA YCTPOVCTBa A/1S1 OCYLLEHVA BO3AyXa B NapOBOAAHOM TpakTe Tersio-
BOVI 3N1EKTPUYECKOM CTaHLMM C [TOMOLLbIO rPaHys1 afcopbeHTa, HaxXOOALMXCA B NCEBAOOXMKEHHOM COCTOSIHIM, B KOTOPOM MPOMUCXOANT
MeXaHn4eckoe B3anMOAeNCTBIE YacTuL afcopbeHTa Apyr C APYroM v C BHYTDEHHUMM [MOBEPXHOCTAMU annapara. B mpoMbILLIeHHbIX aj-
COPBLMOHHbIX YCTAHOBKAaX YacTo MCMOSb3YIOTCA annapatsl Takoro Tvna ¢ HeMPePbIBHLIM MPUHLMIOM AeNCTBUS, YTO S3(PGHeKTUBHO Mpu
YNaBaMBaHUM LIeNeBbIX KOMIOHEHTOB 13 OTXOAALLMX ra30BbiX MOTOKOB BOMbLUMX PACXOAOB. YCTAHOBAEHO, YTO ANIS CHUXeHus ¢ 98 4o
20 % OTHOCUTENbHOW BAXHOCTV BO3AYXA, 3aMOMHSAIOLLEro pe3epsyap BMeCTUMOCTbI0 10 M, TpebyeTcs 1 Kr TeXHUYEeCKoro cumikarens ¢
MUHVIMAaTbHOM BJAroeMKoCTbio, paHow 0,2, 4To B 25 pa3 MeHbLue 3Ha4eHus, pekoMeHayemoro 8 [1T3. B pamkax Mogeny afcopbLmoH-
HOW YCTaHOBKM C MCEBLOOXUXEHHbIM CIIoeM Heobxoamma mMacca cumvikarens 7..12 Kr s OCYLUEHS BIaxXHOro Bo3ayxa ¢ 06beMHbIM
PacxonomM, COOTBETCTBYIOLMM MPOMBILLIEHHbIM afcopbepam. OnHAaKo 3Ta cxeMa CIIOXHee [15 peanv3aLmm BHyTpy arperaros napoBo-

AsHoro Tpakta T9C.

Knro4eBble cnoBa:

Ancopbuws, aecopbums, oCyLLIeHVe BO3AYXa, NapoBoAsHON TpakT TIC, NCEBAOOXUXEHHBIV C/ION, KOPPO3WS, CUKareb, TYpouHa,

pereHepauus, Anpoy3unsa, Leonur.

Boxauoi map, comep:kamuiica B BO3IyXe U B ra-
3aX, KOHJEHCUPYeTCA yiKe IPY He3HAUNTEIbHOM OX-
JIQKIeHUY U IPUBOJUT K KOPPO3HUH Y3JI0B, TPYOOIIPO-
BOJIOB, KOTJIOB M APYI'MX arperaToB IapoOBOJSIHOTO
TPaKTa TEeIJIOBLIX dyeKTpuueckux cranmui (TIC) [1].

Ongit axcmryaranuy TOC moKassIBaeT, 4TO MPH He-
KaueCcTBEHHOM IMIPOBEJEHNHN KOHCEPBALMK WMX arpera-
TOB KOH/IEHCAIIW BJIarH, COJIePIKaIIelicsa B BO3AyXe U B
rasax, BO BPeMs OCTaHOBA CO CHIIKEHUEM JaBJICHUS
Cpezibl 10 aTMOC(EPHOT0 U MONaJaHUK BO BHYTPEHHUI
00BEM KHCJIOPO/IA BO3AYXA BHIBHIBAET CTOSHOUHYIO aT-
Mochepuyio Kopposuio (CAK) yrueponucroii cramm [2].

YcmerHoe pelieHre MHOTOCTOPOHHEH MTPOOIEMBbI
3aI[ATHl arperaToB IapoBofggHOro TpakTa TOC mpm
mpoctosax or CAK mo3BOJUT MOBBICUTE MX PabOUmMit
PECypC, YMEHBIIIUTh MaTepUaIbHbIe TIOTEPU B PE3YJIb-
TaTe KOPPO3WYM METAJJIOB, CHU3UTH 3arpAs3HEHUe
OKpY:RatoIel cpenst [3].
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[l1s KoHcepBaIMM BHYTPEHHUX METAJINUYECKUX
I0BEPXHOCTeH KoTeabHbIX arperatos (KA) Bo3M0OKHO
IpUMEHeHNe WHIUOUTOPOB, CO3JAIOIINX 3aI[UTHbIE
IJIEHKH, MOKPBIBAIONNE BCEe YUACTKU MOBEPXHOCTEH
arperatoB TIC [4, 5]; ucnoabp3oBaHUe NHEPTHOIO r'a-
3a; CHIKEHUE OTHOCHUTENLHOU BJIAXKHOCTY BO3AyXa,
nocTuraeMoe HarpeBauueM [6] miau ocymenuem [T7].
OpHako Takue Ipe/IoKeHns, KaK OTMeUeHo B pabore
[8], cBsA3aHbI ¢ GOIBIIMMY 3aTPATAMY DJIEKTPHUECKOI
SHEPIUH.

[TpururMas Bo BHIMaHYME GOTBIIOE KOJTMUECTBO arpe-
raroB TAC, srcmayaTupyeMsix B Poccun, 11 KOTOPBIX
Heo0X0JMMa KOHCEePBAIlMA, CIeIyeT OTHECTH paccMa-
TPUBAEMYIO 331aUy K PaspaAy aKTYaJbHBIX. JTO IIOJ-
TBEPK/IAETCA ¥ MHOTOUMCJIEHHBIMY ITYOJIMKAAAMY.

IepceK THBHBIM IPEICTABISAETCS UCIIOIb30BaAHMIe
I KOHCEpBAIIMM arperaTtoB MapoOBOMSHOTO TPaKTa
TOC amcopbeHTOB (CUIMKATeNEeH, [Ie0JUTOB U T. 1I.),
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KOTOpBbIE IIMPOKO IPUMEHAIOTCS IIPH CYIIIKe U pasje-
JeHuu ra3oB u kuakocteir [9, 10], B mpormeccax
OYMCTKY IBIMOBBIX I'a30B OT JUOKcuzaa yraepozxa [11],
B XosoxuiabHON TexHuKe [12, 13], dapmakrosorum
[14] u nip.

[lenpio HacTOALIEH PAOOTHI ABJIAETC BBIMOJHEHIE
COTIOCTABUTENBHOTO AHAJIN3a BaPUAHTOB OCYIIEHUS
BO3JIyXa B arperarax maposogsuoro rpakra TAC ¢ mo-
MOII[BIO CUJINKATeJIS: Pa3MeIleH1e eT0 B OfHOPABOBBIX
KOHTeliHepax Uid Iojiadya B PesKUMe [CeBI00KIKEH-
Horo cios (II0C).

ITpu KoHCcepBaIyK arperaToB IapOBOAIHOTO TPaK-
ta TOC, moagep:aHuy 3aJaHHON BJIAMKHOCTH B 3aM-
KHYTBHIX 00'b€MaX JO0CTATOYHO ITHPOKO PACIIPOCTPAHE-
HO OCYIIIeHHe B CTATHMUYECKUX YCIOBUSAX. KoamuecTso
3arpy:KaeMoro aficopbeHTa B 3TOM CJIydae OIpeaesseT-
C B OCHOBHOM DABHOBECHOU a/COPOIMOHHON €MKO-
crbio. Cpenu agcopOEHTOB BBIAEIAETCA CHUIMKATETh
BCJI[ICTBHE €T0 MAaCIITAa0HOTO IIPOMBIIILIEHHOTO IIPO-
M3BOJICTBA U HU3KOM 1eHsI [15]. IIporece HackIeHns
CUJIMKATeNell BIaroit B CTaTHUECKUX YCAOBUIX XapaK-
TePU3YeTCS MAJON CKOPOCThIO. [ITUTeIbHOCTD TOTHO-
TO HACHINEHNUS MPYU KOMHATHON TeMIlepaType MeaKo-
MOPUCTHIX cuauKareneir cocrasisger 40 4, cpeaHerno-
pucTbix — 50 ¥ ¥ KpymHOMOPUCTHIX — 75 u [16, 17].
ITpu purcupoBaHHO! OTHOCUTEIHHOM BIaKHOCTH I'a3a
BJIATOEMKOCTb (g,) CHIMKATre/s U3MeHseTCs He3HaUuN-
TeJbHO, BHE 3aBUCHMOCTH OT TeMIIEPATYPhI, TIPK KOTO-
POI1 TIPOMCXOAUT Iporiece Tmortomenus [18].

W3BecTHO, UTO IIPX OTHOCHTEJIHHOM BJIATOCOJED-
sxaHuu cpegsl (@) 1o 55 ... 60 % MakcuManbHON aj-
COpOIIMOHHO CITOCOOHOCTBIO II0 TapaM BOBI 00J1aaeT
MeJKOMOPUCThIM CUIUKArenb (HAChIMHASA ILIOTHOCTD
nopsanka 700 kr/m®). B umutepmane ¢=70..80 %
TIPeANOUTUTENbHEE CPEJHEIIOPUCTHIN CUIUKATENb.
[IpeumyiiecTBa KPYIHOIOPUCTOTO CHJIMKATENS
(0,~400...500 xr/m®) peanusyiores mpu ¢>90 % [14].

Ha mpakTuKe B CTaTHUECKUX YCJIOBUAX [JIS TOJ-
Iep:KaHUS BIAKHOCTA B YACTMYHO TE€PMETHUHOM
o0beMe CyXoil CuIMKaress 6ojee MM MeHEe PaBHO-
MEPHO PACIIpefieisgeTesa M0 KOHTPOIUPYEMOMY 00be-
my. Ob1iee KoruecTBO afcopOeHTa 3aBUCUT OT MIPO-
HHUIAeMOCTH U Pa3MepoB 000J0YKHU, MOCTYILIEHUS
BJIarW C MPOHHUKAWIIAM Yepes3 HeILIOTHOCTH BO3MY-
xoM. Macca azscopOenTa TeM 00JIbIle, YeM BBIIIE 3a-
JaHHAS TPOJOJLKUTENBHOCTh XPaHEeHUs, U 00PaTHO
TIPOIIOPIIMOHATIbHA PABHOBECHOH! aCOPOIIMOHHON eM-
KOCTH, KOTOpasA MOKeT ObITh OIpejie/eHa Mo n30Tep-
Me aficopOI[uu, COOTBETCTBYIONIEH TeMIepaType xpa-
HEHUs, U IPeJebHO JOMYCTUMOU IJIA U3AEIUN JaH-
HOTO BH/]a OTHOCUTEJIbHON BJIAKHOCTY cpefbl [16].

Ananus 3aBUCUMOCTY KOJWUYECTBA MOTJIONEHHOM
BOJABI CHUJMKAreJeM OT OTHOCHUTENbHOH BIaKHOCTH
BO3JyXa moKasas, 4o npu ¢<70 % g, TMHeHHO TOBLI-
maercsa 1o 36 %, ampu =70 ... 100 % B1aroeMrocTsb
Boapacraer ot 36 mo 40 % [16].

B pa6ote [19] Ha ocHOBe TEPMOZWHAMUYECKOI'O
mozixozia ObLTa oleHeHa Macca ajgcopbenta M, KoTo-
DPYI0 MOKHO OyZeT MCIOJb30BAThH s IOTJIOIIEHWS
IIapOB BOJBI U3 BO3AyXa, HAXOIAIIETOCI HIPU AaBJe-

HUM P, B CBOOOZHOM IIPOCTPAHCTBE arperara mapoBoO-
naHoro TpakTa TOC, nMenInero BMeCTUMOCTh V, Ipu
OTHOCHUTEJbHOH BIayKHOCTH (; 1 Temueparype T',;. Co-
TJIACHO TeXHWYECKUM YCJIOBUSM KOHCEPBAIMM I
TpefOTBPAIleHusA 00pasoBaHMA HajeTa PIKaBUUHBI
arperat JOJKeH HAXOAWUTHCA TIPU BIAKHOCTH (O, U
remmneparype T,, [8]. Iloriormariasa cIocoOHOCTH
1 Kr agcopOenTa (cuIMKaress) IPHHUMAJIACh PABHOMN
g, BOZIBL.

Brino mosyueno, 4TO AJIA OCYIIEHHS BO3AYXa C
0,;=98 % , HaxXOAAIIETOCA BHYTPU arperaToB BMeCTH-
moctbio 100 M?, Tpebdyercsa oxoso 9,5 Kr cuauKaresis
¢ g,=0,2.

Hampumep, mas xoraa BK3-210-140 ¢ cymmap-
HBIMY BOASHBIM U IIapOBLIM 00beMaMu 94 M® moTpedy-
ercsa 9 Kr cuaukarens. C ucmoab3oBanueM rabapur-
HBIX pasmepoB Typounsl T-12-35/1,2 [20] ansa Bepx-
Hell OIEHKM BMECTMMOCTH ee KOMKyXa IIOJYUYeHO
20 w®, coorBetcTBeHHO M ~2 Kr. IIpu 1ene 1 Kr Tex-
Huueckoro cuimkareas 50 p. [15], sarpaTel Ha ero
npuobpeTeHre 1 MUCMOJIb30BaHUe OyayT ManbiMu. I1o
OIIBITY TIPOBEIEHNS KOHCEPBAI[UYU BOJOTPEHHOTO KOT-
na KBI'M-100-150 ocymieHHBIM BO3IyXOM, IOZada
KOTOPOTO OCYILIeCTBJANACh OT ycTaHOBKH BOV-
2000 B BBIXOLHOH CeTEBOI TPYOOIIPOBOJ AMAMETPOM
400 mMm [6], cunuKare b MOMKHO PasMeCTUTh B 3TOM
MecTe B BHJe TIOTJIOTUTEIbHEIX KOHTeHHepoB. B ciy-
yae HEOOXOIMMOCTH MOJKHO TOBTOPUTH HECKOJIBKO
pas oTy IPOUEAYPY.

OrpacsieBbiM HOpMaTHBOM [21] peKoOMeHIOBaHO
1,5...2,5 kr cunukarens Ha 1 M® BHyTpeHHEro o0beMa
KOHCEPBUPYEMOr0 KOTJa, UTO IIPEBLINIAET TPUMEPHO
B 25 pas MONyUYeHHYIO BhIIe OHeHKY. IlogpodHOCTH
000CcHOBaHUA TaKoH Macchl cunukarena B[21] He mpu-
BefleHBl. BO3MOMKHO, CYIIECTBEHHOE PACXOKILHUE
3HAUEHUI MacChl aficopOeHTa 00yCI0BICHO YUETOM [0-
TIOJIHUTEJNBHON MacChl BOJAbBI, COXPAHAIONIENCA B 9K-
CILIyaTAllMOHHBIX OTJNOKEHUAX Ha BHYTPEHHHUX IIO-
BEPXHOCTAX Harpesa [6].

PaccmorpuM Apyroii BapuaHT HCIOJHEHUSA
YCTPOMCTBA [/ OCYIIEHUA BO3AYXa B TAPOBOIIHOM
tpakTe TOC ¢ IOMOIIBI0 IPaHy.I acopOeHTa, HaX0qd-
IUXCA B ICEBIOOKUKEHHOM COCTOSHUM, B KOTOPOM
IPOUCXOJUT MEeXaHUUECKOe B3aUMOEeHCTBIe YaCTUI]
ajicopbeHTa ApyT ¢ APYrOM U C BHYTPEHHUMHU TI0BEPX-
HocTaMu ammapata [22]. B xoze pacuera afcopOInon-
HOTO TIPOIecca OMpPeeNAioTcsas KOHIEHTPAIUY Iese-
BOTO KOMIIOHEHTA B ra3e-HOCUTEJEe Ha BHIXOJIE U3 CJI0T
azicopbenTa.

ITpu pyurumonupoBanuu anmapatoB ¢ IIOC ax-
copbeHTa IPOMCXOAUT SHAUMUTENLHOE MepeMelnBa-
HUe IUCIIePCHOTO MaTepuaia o BBICOTE CJIO0S, UMeo-
mero Beauuuay 60...100 MM, uTO 0becmeunBaeT yuo-
BJIETBOPHUTEIbHOE TIceBHooKmiKenue [22]. [Ipenmora-
T'aeTcs, UTO OCYIIECTBIAETCSA IIOJHOE IIEPEMEIINBAHIIE
azcop0eHTa, KOTOPOMY COOTBETCTBYET IOCTOSHHOE
3HAUEHMeE CPeHel cTemeHn 0TpaboTK ! afcopoeHTa mo
BCEMY 00BEMY CJIOA.

B mpoMBITIIIEHHBIX aJCOPOIMOHHBIX YCTAHOBKAX
yacTo ucmosb3yoTes anmapatsl [I0C HempepbIBHOTO
JefCTBUA ¢ TOCTOSHHON Mo/jauel 1 BBITPY3K O aicop-
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OeHTa, uTo 3P(MEKTUBHO IPU YJIABIUBAHUM I€JIEBBIX
KOMITOHEHTOB U3 OTXOASIAX Ia30BhIX IOTOKOB 00JIb-
MUX PacxofoB. I[10aTOMY JOMYCTUMO TPUMEHATD UX B
VCJIOBUSX MEHBIITNX PACX0/I0B BO3IYXaA.

AJNTOpUTM MPOTHO3MPOBAHUA XaPAKTEPUCTUR IS
ITOC ¢ ucmosp30BaHKEM HOMOTPAMM ONKCAH B MOHO-
rpaduu [22]. OgHAKO B PAcCMOTPEHHOM IIpUMEpe
IpeJCTaBIeHbl Pe3yJIbTaThl pacueTa OJHOTO BapuaH-
Ta, UTO HE M03BOJISET IPOAHAIN3UPOBATH BOSMOKHO-
CTH aHAJIUBUPYEMOTO CcIocoba A paccMaTpPUBaeMoit
3aJavm.

Pacuer maccsl afcopOenTa, TpedyeMoit 11 ocyIIie-
uus Bo3ayxa B IIOC, mpoBeeH 110 COOTHOIIEHMUSIM JJIs
HeTpPEePLIBHOTO peXuMa ajcopbruu. Peanmsanus
IpoIiecca OCYIIeHNs BO3AyXa B PesKuMe (PUIbTPAIIAN
ero uepes I1I0C afncopbenTa I03BOJIAET pacCMaTPUBATh
TIOTyYeHHbIe Pe3YIbTATHI I MacChl afcopOeHTa KaK
OIIEHKY «CHHUB3Y».

ITpubam:keHHBIN pacueT XapaKTePUCTUK agcopoe-
pa HempepsIBHOTO AEeHCTBUsA OCHOBBIBAETCS HA ypa-
BHEHNU MaTepuaJbHOro 6ananca [22]

Wb(CO _Ck):Wa(amd _an): ﬂOvACmdF’ (1)

rae C, u C, — HauaJbHASA ¥ KOHEUHAS KOHIEHTPAI[UI
IapoB BOAHL, KT/M% @,,, 4, — CDeJHASA CTeleHb 0Tpa-
0oTkU mucmepcHOro axcopbenta B oobeme II0OC u Ha
Berxogie u3 Hero; W,, W, — o0beMHBIE PacXobl Tasa-
HocHUTeNIS U agcopOenTta; F — cyMMapHast IIOIAAb I0-
BEPXHOCTH YACTUI[ B 00'beMeE CJIOS.

CpemHsAs MO BBICOTE CJIOS ABUXKYINAS PasHOCTb
KOHIIEHTpAIUl aJcopOTHUBA BBIUMCISETCA CJIeIyIo-
IITIM 00pasoM

G =C@)
Ck - Cs (amd )

rae C(a,,) — KOHIIEHTpANXA afco0THBA B ra3e, PaBHO-
BecHas CpeJIHeMY eTo COIeP:KaHMI0 B UACTHUIIAX afcop-
OeHTa; JJIA YCJIOBUN TOJHOTO TEpPEeMeIMBAHUA dYa-
crut B ITOC ABisgeTcs MOCTOAHHON, OAHAKO HEU3BECT-
HOH BeJIMUUHOI.

B xo/ie mpubaMKeHHOT0 pacueTa mpeAnoaaraoTcs
u3BecTHbIMU Takue napamerpsr: W, Cy, C, u a,. Benu-
ynHa Kod(durmuenta maccoodmeHna (f3,) ompenend-
JIach U3 KPUTEPHATbHOrO ypaBHeHus [22]

M_ (M\OJO (%\0,35( ﬁz \\l,l
Dw _4’0L Dw J L Co J LBTZJ ’ (3)

rae d, — nuametp uactur agcopbenta; C,, — Ipeuesb-
Has KOHIIEHTpAIMs IeJIeBOT0 KOMIIOHEHTa B afcop-
oenre; D, u C, — koaduumenT guddysun agcopoTu-
Ba ¥ HauaJbHAI KOHIIEHTPAIIKS ero IapoB B BO3AYXeE.

IIpu pacuere W, ucmonbsayeTca BeIUUYNHA MUHU-
MaJbHOTO pacxoja agcopoenta W,,,, Ipu KOTOPOM Ha
BHIXOJle 13 allllapaTa CTeleHb 0TPadOTKM amcopOeHTa
HAXOAUTCSA B PABHOBECHH C 3aJaHHLIM 3HAUEHMEM
BXOJHOHM KOHIIEHTPAIIWY B Ta30BOi (hase

Wamn (as - an) = I/Vb (CO - Ck ) (4)
Ilnsg ancop0epoB TAKOTO THUMA JAefCTBUTEIbHBIN

pacxof agcopOeHTa IPUHUMAETCS 00JIbIIIe MIHIMAIb-
zoro Ha 10...30 %

AC,,=(C,~C,)/In @)
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VVa = szVamn' (5)

[IpousmtocTpupyeM mpUMeHeHWe OMUCAHHON Me-
TOAUKU Ha CJEAYIOIIEM MpUMepe U3 MOHOTpaduum
[22]. B xauecTBe ajcopOeHTa IpeIIoaaraacs MeosIuT,
IJIsI KOTOPOT'O M3BECTHBI HEOOXOAUMBIE [JISI METOJUKY
(husUKO-xUMUUeCKUe XapakTepucTuru. [1o cBoei ak-
TUBHOCTH OH IIPEBOCXOAWT CHJIMKarenan B 1,5 pasa.
[TpuBenennsie B [23] pesyabTaThl PacueToB rabapur-
HO-MAaCCOBBIX XapaKTEPUCTUK afCOPOEPOB BO3AYXO-
Da3JeJUTeIbHBIX YCTAHOBOK CPEHETO AABJIEHU, 3a-
moHeHHBIX TeoauToM NaX, HaXOAATCSA B KaueCTBeH-
HOM COOTBETCTBUH C YIIOMSAHYTHIMY JAHHBIMU JJIS CH-
JITKaTeJId.

Ancop6ep ¢ ITOC npegHasHaueH 15 MOTION[EHIS 11a-
OB BOZIBI ¢ HAUAJIbHOI KoHIeHTpanuei C;=3,8-107° kr/m?
u3 moToka Bo3gyxa ¢ W,=0,50 m®/c. Koneunas KoH-
nenTpanuu mapoB Bopbl: C,=0,04-10*kr/m?, ux Ko-
sduiuent apuunocTH P=2,53. Ilpm Temmepatype
20 °C KoHIeHTpaIuA HACLII[EHHBIX DAPOB BOJLI
C=17,2-10%kr/m®. [uamerp uacTuim azmcopbeHTa
d,=2,0-10*m, ux mrorHocTs P,=1200 Kr/M™M°, comep-
JKaHUe BOAbI B MCXOXHOM azxcopbente a,=0,5 Kr/m?.
Koahpunmenr pauddysum mapoB BOABI B BO3AYXE
D,=2,4-10°m?/c. CTpyKTypHAsA KOHCTAHTA JJId II€0-
aura B=5,5-10%1/K? M3oTepma agcopOLuu Ipy TeM-
neparype 20 °C mpeamonaraercs 0OJU3K0M K INHETHON

a,=K,(C/C), (6)

rae K,=679,4 — Koa(p(puIiueHT anmpoKcuMaIuy s
[[e0JINTA, HANMEHHBIN 13 aHAIN3a Pe3yJbTaTOB IPO-
MEKYTOUHBIX BBIUHCIEHHN PACCMATPHBAEMOrO IPH-
Mepa.

Kpurepuit PefiHosibaca 41 BO3AYIIHOTO IOTOKA,
npoxogsimnero uepes IIOC, Beruncasercs 1mo Gopmysie
[22]

4,75
B Ar-g
b 1)
18+0,61y/Ar,- "

rje € — IOPO3HOCTD CJIOs, MPUHUMAaeTcsa paBHoi 0,5;
Ar, — xpurepuii Apxumesa, omnpeeaseTcsa TaKuM 00-
pasom

Re

3
Ar, = %(pr pb).
vy Py
3mech p,, V, — IIOTHOCTD 1 KO3 (UIMEHT KuHEMA-
THYECKO BA3SKOCTH Bo3Ayxa mpu Temmeparype 20 C.
B ycomepuieHCTBOBAaHHON METOAMKE pacueTa
Heo0XouMbIe TemIo(usnUecKue CBONCTBA BOBAYXa
HAXOJUJINCh C TIOMOIIBI0 MHTEPIOJIANMOHHBIX 3aBH-
cuMocCTel 13 cpaBoyHUKa [24].
CpezEAA CKOPOCTH I'a3a Ha IIOJHOE CeUeHMe CI0M

w,=V,-Re,/d,.

IduameTp Kopiyca ammapara OWINHIPUYECKOU

(bopmbI
D,, =4V, | (zw,).
MunuMaabHBIE 00BEMHBIA Pacxof aacopbeHTa

ompezesiaacs mo ypaBHeHUo (4)
Wmn = VVb(CO _Ck)/[as(ck) _an]’
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B KOTOPOM COIJIaCHO wu3oTepMme ajcopbuuu (6)
a,.(C,)=1,58 xr/m’.

C yueroM MaKCHMAaJbHOTO 3HAUEHMs 3amaca II0
pacxony agcopberTa coryuacuo (5)

V, =13V,

3Hauenue f3, Ha BBIXOJle U3 allapaTa OIpefesd-
JIOCH TIO YpaBHEHUIO (3).

CpenHaASA KOHI[EHTPALINA BJIATH, TIOTJIOIEHHOH -
copOeHTOM, HAXOMJIACH I3 YPABHEHU A MATEePHAIBHO-
ro Gasanca

a,=a +V,/M)C,-C,). (7

ITo usorepme axcopbuuu (6) ¢ yuerom (7) BHIUM-
cireno C,(a,,)=3,37-107° xr/™?.

CpenHsasa IBUKYINAsA Pa3HOCTH KOHIEHTPALUIl B
ra3oBou (pase BHIYMCIIAIACH TI0 hopmyJe (2).

Ilo ypaBuenuto (1) Haxoguicsa 00eM U Macca aj-
copberTa B II0OC

V.=V,(C,-C,)/B,AC,,; M, =pV . (8)
06mem u BricoTa II0C
I/sl = I/a /S’ Hcl = 4I/cl /(ﬂ'D(; )

Onucamuas MeToguKa Oblja peajn3oBaHa Ha
Typ6o Ilackame. IlpuBeseHHbIE BHINIE HCXOAHBIE
JTaHHBIE ¥ PE3YJIbTATHI pacuera u3 MoHorpaduu [22]
MCTIOJB30BANUCH [JI TECTUPOBAHUA COCTABJIEHHOMN
IPOrPaMMBI.

B xope mapaMeTpuuecKOro aHaJu3a BBIABIANACH
3aBUCHMOCTB Macchl reosuTa u pasmepst II0C ot psaga
BXO/HBIX TAPaMeTPOB.

Cruxenme o0seMHOT0 pacxoaa Bosayxa W, ot 0,5
1o 0,3 M*/c TIpUBEJIO K YMEHBIIEHWI0 MACCHI 1[e0JIUTa
or 8,7 mo 7, 4 xr (puc. 1).

8,8
M,, kr
8,6
8,4 1
8,2 1
8,0
78 -]
7,6
7,4
3
W,, M"/c

7,2 ; ; ; . Mo, M/

0,30 0,35 0,40 0,45 0,50 0,55
Puc. 1. 3aBUCUMMOCTb Macchl LEOMTa OT 0OBEMHOMO PacxoAa

BO3AyXa

Fig. 1. Zeolite mass dependence on air volume flow

Ha pwuc. 2 mpejcraBieHb! pesyabTaThl BINSHUA
BappupoBauusa C, Ha TpeOyeMyi Maccy ancopOeHTa.
Takoe moBeieHe KPUBOM MOKET OBITH 00'bACHEHO 3a-
BHUCUMOCTBIO 00beMa aficopbenTa ot f3,. CorymacHo co-
oruommenuio (8) W,~1/f,,, a sHauenne [, BEIUUCIEH-
HOe 110 UHTePIIONAINOHHON (hopmye (3), Bo3pacTaeT
or 440 mpu C,=0,0038 xr/m*n0 612 1/c mpm
C,=0,0098 xr/m’.

Kak BumHO, 1/ OCYILIEHUSA BO3AYXA C JOCTATOUHO
BBICOKMMU 3HAUEHUSAMU O0BEMHBIX PACXOMO0B, CPaB-
HHMBIX C PACXOJAMU B IPOMBINIILICHHEIX YCTAHOBKAX,
TpedyeTcs HeCKOJIbKO KIIOIPaMMOB IeonuTa. I103T0-
My MOXKHO BOCIIOJIb30BAThCA MPENJIOKEHHBIM BBIIIIE
K0a()()UITMEHTOM IIepecueTa, U CUUTATh, UTO MAacCChl
cuIuKare/a OyAyT MpeBsIIIaTh B 1,5 pasa mpuBeneH-
HbIe Ha puc. 1, 2 3HaAUEHNA MACCHI [JI Ie0JTHTA.

8,8

M, KT
8,6

84 A
82 A
8,0 1
7,8
7,6
7,4
7,2 1

7,0 A

Cov103 kr/m*

3 4 5 6 7 8 9 10 11
Puc. 2. 3aBUCMMOCTL MacChl LUEOSINTA OT Ha4asbHOW KOHLIEHTPA-
Lum NapoB BOAbI B BO3Ayxe

Fig. 2.  Zeolite mass dependence on initial concentration of wa-

ter vapor in the air

BbiBogbl

B pamkax momenum afcOpOIMOHHON YCTAHOBKHU C
II0C ompenenena HeoOXoamMas Macca CHJIMKAred,
cocTaBaAnIAA 7..12 Kr. IT0T peskum adderTuBeH
13-32 Pa3BUTOH TOBEPXHOCTH MaccooOMeHa, ¢ APYTroi
CTOPOHBI, 9HEPTOEMOK ¥ CJIOKHEe 10 KOHCTPYKIIHUH,
HeMKelu MPeNJIOKeHHbIH BapUaHT C OJHOPA30BBLIMHU
KOHTelHepaMu, 3amOJHeHHBIMU CUJIMKarenreM. Bo
BTOPOM BapMaHTe HECKOJbKO YBEIMUMBAIOTCS PasMe-
PBI azicop0epoB, HO YIPOIAETCA U Y[IeIeBaseTca
KOHCTPYKIIUS BCJIEACTBME OTKA3a OT Y4acTKa ICEeBIO0-
OMKIVIKEHUSA U CTaJUU JIeCOPOITUH.

Paspaborannas aBTOMAaTH3UPOBAHHAA METONUKA
pacueTa XapaKTePUCTHUK OCYIIEHUS BO3IYXa C IIOMO-
1610 afcopbuonHoi yeranoBku ¢ IIOC yrounser pe-
3YJIbTAThI, 00JIETUAET BHITIOJHEHNE TapaMeTPUUECKO-
ro aHajM3a Ha CTAAUM IIPOEKTUPOBAHUSI U MOIKET
OBITh MCIIOJIH30BAHA B Y4eOHOM IIPOIiecCe.
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ANALYZING OPTIONS OF MOIST AIR DEHUMIDIFYING WITH SILICA GEL
AT CONSERVATION OF UNITS OF STEAM AND WATER TRACT AT THERMAL POWER PLANT

Sergey V. Goldaev,
Dr. Sc., National Research Tomsk Polytechnic University, 30, Lenin Avenue,
Tomsk, 634050, Russia. E-mail: SVGoldaev@rambler.ru

Alisher A. Khushvaktov,

Tajik Technical University named after Academician M.S. Osimi,

10, Academicians Rajabovs street, Dushanbe, 734042, Republic of Tajikistan.
E-mail: alisher1001@mail.ru

Relevance of the work is determined by the need to protect the steam circuit of TPP units from the parking atmospheric corrosion at inac-
tivity.

The main aim of the study is to carry out the comparative analysis of air dehumidification options in TPP-steam circuit using silica gel,
placing it in disposable containers, or using a fluidized bed.

The methods used in the study: based on the tested methods of forecasting the performance of installations for air drying from wa-
ter vapor by adsorbents the authors evaluated their applicability in the operating conditions in the steam circuit TPP units.

The results: The paper considers the task of conserving TPP units by absorbents (silica gel, zeolites etc.) widely used when drying and
separating gases and liquids at flue gas carbon dioxide removal. As it is noted when maintaining the required moister in closed volumes
the drying occurs in static conditions. Silica gel is humidified at low speed which generally depends on its grain size. Moisture capacity of
silica gel at fixed relative gas humidity changes insufficiently. The paper considers as well the variant of configuration of the unit for air
drying in steam and water tract of TPP by the absorbent grains in fluidized bed where absorbent particle interact to each other and to
inner parts of the device. In industrial absorption units such kind of device with continuous operation is often used. It is efficient when
capturing target components from outgoing gas high flows. It was ascertained that in order to reduce from 98 to 20 % relative humi-
dity of air filling the tank with a capacity of 10 n?’, one kilo of silica gel with a minimum of technical water capacity of 0,2 is required; it
is 25 times less than the value recommended in the rules of technical operation. Similar results were obtained in the framework of the
adsorption fluidized bed. The required weight of silica gel is 7...12 kilos for drying moist air at a flow rate corresponding to the adsorption
industry. But this scheme is more difficult to be accommodated within the TPP units steam circuit.

Key words:
Adsorption, desorption, air dehumidification, steam and water tract of TPP, fluidized bed, corrosion, silica gel, turbine, regeneration,
diffusion, zeolite.

REFERENCES 7. Vishnevsky E.P. Analiz osobennostey ispolzovaniya osnovnykh
metodov osusheniya vozdukha [Analysis of features of using the

mentov kotelnogo oborudovaniya [Increased longevity of boiler main dehumidification methods]. Santekhnika, otoplenie, kondit-

equipment elements]. Moscow, Energoatomizdat Publ., 1986. sionirovanie, 2004, no. 3, pp. 5-8.
8% pl_) ] v g g 8. Vishnevsky E.P., Chepurin G.V. Konservatsiya osushennym voz-

duhom [Preservation with dry air]. Santehnika, otoplenie, kondi-

1. Troyansky E.A., Cholovsky V.N. Povyshenie dolgovechnosti ele-

2. Sutotsky G.P. Povrezhdeniya energeticheskogo oborudovaniya,

o . . ioni ie, 2010, no. 5, pp. 8-12.
svyazannye s vodno-khimicheskim rezhimom [Damages to power ciomrovanie, &9 , L
equipment associated with water-chemical regime]. S-Peterburg, 9. Wh1tg J. CFD ‘,S"n ulat.lon of silica gel angf wat.er quorbent beds
NPO CKTI Publ., 1992. 256 p. used in adsorption cooling system. PhD. Diss. Birmingham, 2012.

3. Bogachev A.F. Predotvrashchenie korrozii i povrezhdeniy oboru- 210 p.

dovaniya parovodyanogo trakta TES [Prevention of corrosion and 10. White J. Computatfional ,ﬂ,md dynamics modell@ng and cxp eri-
damage equipment steam and water tract TPP]. Thermal Engine- mental study on a single silica gel type B. Modelling and Simula-
ering, 2001. no. 7, pp. 65-T1. tion in Engineering. 2012, vol. 2012, Article ID 598479,

4. Chernyshev E.V., Veprov E.N., Petrov V.A. Povyshenie korro- pp. 130-139. L .
zionnoy stoykosti oborudovaniya pri ispolzovanii plenkoobrazuy- 11. Kierzkowska A.M., Pacciani R., Miller C.R. Ca0-based C 0 sor-
ushchikh aminov [Increased corrosion resistance of equipment bents: From fundamentals to the development of new, highly ef-
using film-forming amines]. Elektricheskie stantsii, 2008, no. 11, ;;Cti\i% Omlalt:é“lals. ChemSusChem, 2013, vol. 6, Iss. T,
pp. 15-18. ol " s . . .

5. Shatova I.A. Sovershenstvovanie zashchity ot stoyanochnoy kor- 12. FremlA., Magg‘m q" Cipiti F,‘" Ar%stov Y.L Simulation of water
rozii uglerodistoy stali kotlov na osnove primeneniya ingibitorov sorption ‘,Wna"“c_s m adso.rptlon chillers: Qne, tWO and four layers
oktadetsilamina i M-1. Kand. Diss. [Improved protection from of loé)gse;;hcagrams.Applled Thermal Engineering, 2012, vol. 44,
parking corrosion of boiler carbon steel based on inhihitors of oc- pp. bI= . .
tadecylamine and M-1. Cand. Diss.]. Ivanovo, 2003. 272 p. 13. Wang D.C., Xia Z.Z., Wu J.Y., Wang R.Z., Zhai H., Dou W.D.

6. Polevich A.N. Razrabotka, issledovanie i vnedrenie protsessov i Study of a novel silica %‘el.‘water adsorptlon chiller. Part . D esign
skhem vozdushnoy konservatsii teploenergeticheskogo oborudova- apd performance prediction. International Journal of Refrigera-
niya. Kand. Diss. [Development, research and implementation of tion, 2005, no. 28, pp. 1073-1083.

processes and schemes of air conservation of thermal power 14. Ostrikov A.N. Protsessy i apparaty pishchevykh proizvodstv [Pro-
equipment, Cand. Diss.]. Moscow, 2001, 137 p. cesses and devices of food manufactures]. S-Peterburg, GIORD

Publ., 2007. 608 p.

125



lonpaes C.B., XywBakToB A.A. AHann3 BapraHTOB OCyLLIEHNS BNaXHOrO BO3Ayxa C NOMOLLbio cunukarens ... C. 120—126

15.

16.

17.

18.

19.

126

Obzor rynka silikagelya v SNG [Overview of silica market in the
CIS]. Avalible at: http://www.infomine.ru/research/18/441/
(accessed 15 November 2013).

Serpionova E.N. Promyshlennaya adsorbtsiya gazov i parov [In-
dustrial adsorption of gases and vapors]. Moscow, Vysshaya shko-
la Publ., 1969. 416 p.

Morozov V.S., Morozov E.V., Vihrova S.V. Ostatochnoe soderzha-
nie vlagi v vozdukhe, osushennom silikagelem [Residual moistu-
re content in the air dried with silica gel]. Tehnicheskie gazy,
2005, no. 6, pp. 34-36.

Aynshteyn V.G., Zakharov M.K., Nosov G.A. Obshchy kurs prot-
sessov i apparatov khimicheskoy tekhnologii [General course of
processes and devices of chemical technology]. Moscow, Fizmat-
kniga Publ., 2006. 912 p.

Goldaev S.V., Khushvaktov A.A. Ob ispolzovanii silikageley dlya
povysheniya dolgovechnosti kotelnogo oborudovaniya [On use of
silica gel to improve durability of the boiler equipment]. Energe-
tika: effektivnost, nadezhnost, bezopasnost: materialy trudov
XIX Vserossiyskoy nauchno-tekhnicheskoy konferentsii [Energy:
Efficiency, reliability, safety. Proc. XIX All-Russian scientific
and technical conference]. Tomsk, 2013. Vol. 2, pp. 386-389.

25.

20.

21.

22.

23.

Shcheglyaev A.V. Parovye turbiny. Teoriya teplovogo protsessa i
konstruktsii [Steam turbine. The theory of thermal process and
turbine design]. Moscow, Energatomizdat Publ., 1993. 416 p.
Pravila tekhnicheskoy ekspluatatsii kommunalnykh otopitelnykh
kotelnykh. Utverzhdeny Prikazom Minstroya Rossii [Rules of
technical operation of municipal heating plants. Approved by the
Order of Russian Ministry of Construction]. 11.11.92, no. 251.
Romankov P.G., Frolov V.F. Massoobmennye protsessy khi-
micheskoy tekhnologii [Mass transfer processes of chemical
technology]. Leningrad, Khimiya Publ., 1990. 384 p.

Alekseev V.P., Vaynshteyn G.E., Gerasimov P.V. Raschet i mode-
lirovanie apparatov kriogennykh ustanovok [Calculation and si-
mulation of cryogenic devices]. Leningrad, Energoatomizdat
Publ., 1987. 280 p.

Bazhan P.I., Seliverstov V.M. Spravochnik po teploobmennym ap-
paratam [Handbook of heat transfer devices]. Moscow, Mashino-
stroenie Publ., 1989. 367 p.

Received: 15 April 2014.



