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MoTmBauma

TepmoaKycTUyeckasa HeycToM4mnBocTb (BMBpauMoHHOe ropeHmne) B aBMaaBuratenax (razosbix TypobmuHax)
ABNIAETCA KpaliHe HexXenaTe/lbHbIM ABeHMeM, 00yCcnoBAEHHbIM B3aUMOAENCTBMEM aKyCTUUYECKOro NoAs C
NPOLLECCOM rOpeHMa. ITO B3aUMOAENCTBME MOXKET NMPUBECTU K CaMONOAAEPKMBAOLLMMCA KoebaHuam
60NbLLIOM aMNINTYAbI, KOTOPbIE COKPALLAKT IKCNAYaTaLUMOHHbIN pecypc U3aenms n MoryT Bbi3BaTb
noBpeXaeHue rasoBoit TypbuHbl. 3a4a4a NPOrHO3NMPOBaAHUA TEPMOAKYCTUYECKON HEYCTOMYNBOCTMU Ha
PAa3/INYHbIX PEXKMUMAX PaboTbl ra30BOMN TYPOUHbI Ha NPOEKTHOM YPOBHE ABNAETCA KpaliHe akTyanbHOW. Ee

BAaXXHOCTb B 6Y,£I,YIJ.I,€M 6Y,£I,€T TOJ/IbKO BO3pPaCTaTb B CBA3U C Hen3beXHbIm y>xectodyeHnem HOPM Ha Bbl6pOCbI
U nosblilleEHNEM Tpe6OBaHI/II7I K 3KOHOMUYHOCTMH.
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lcnonb3yemble moaenu
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Moaenb akyCTMYeCKoro TpakTa
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PaccmoTpuM TeyeHMe HarpeBatoLeroca rasa B HEKOTOPOM KaHane. Beegem psg npeanonoxeHuin u AonyLeHUn:

e PaccmaTpuBaeTc 0CECMMMETPUYHbBIN KaHa NepeMeHHOro ceyeHus.

e PaccmaTpuBaloTCA TO/IbKO NPOAO0/bHbIE KONebaHMA rasa (CKOPOCTb UMEeT TONIbKO NPOAO/IbHYH COCTAaBAAOLLLYIO).

e TeyeHMe B KaHane npeanonaraeTcs OAHOMEPHbLIM, T.e. BCE Be/IMYMHbI (CKOPOCTb, NAOTHOCTb, TemnepaTypa)
pacnpeneneHbl 0A4HOPOAHO MO KaXKA0MYy CEYEHMIO KaHana.

e BauvAHMeE rMAPOANHAMMUYECKOrO COMPOTMBIEHUS HA CTEHKax KaHana He y4yuTbiBaeTcA. 3aTyxaHue KonebaHuit 3acuyer
MONEKYNIAPHbIX BA3KOCTU U TENJIONPOBOAHOCTU TaK:Ke nNpeHebperaeTcs.

e [logorpes rasa NPoUCcXoauT B Y3KOM c/ioe (HyN1eBOM TONLWMHbBI) OAHOPOAHO NO CeYEHUIO KaHana.

e [a3no obe cTOpoHbl PPOHTa HarpeBa CYMTAETCA UAEabHbIM
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banaHCHO-XapaKTePUCTUYECKME METOAbl B aHA/IM3E
TEPMOAKYCTUYECKOM HEYCTONYMNBOCTM

BmecTo ncnonb3oBaHUA TEPMOAKYCTUYECKUX ceTer byaem pelaTb KBa3aMOAHOMEPHbIE YPaBHEHMA ra30BOM
AVNHAaMUKM NAeanbHOro rasa c NOMoLLbo 6besguccunatMBHoOM 6anaHCHO-XapaKkTepuctTndeckom cxembl KABAPE:
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NMpeunmywiectea noaxoaa:

1) Moaxond NO3BONSAET yUMTbIBATb FEOMETPUYECKNE AEeTaNMN, KOTOPble He MOryT BbITb NpeacTaBAEHbl CETEBbIMM

MOAENAMM.
2) HeT HeobxoaMMoOCTM B pacyeTe maTpuL, nepexoga U GYHKUUIA OTKANKA NIaMEHN.
3) ABTOMATUYECKUN yYeT HeNUHENHbIX 3dPeKTOoB.
HepoctaTtku nogxopa:

1) TpebyeTtcs 6onblUe BbIMUCINTENBHBIX PECYPCOB, YEM A/1A CETEBLIX Moaenen (Ho Bce paBHO MOXKET bbITb peann3oBaH
Ha MK).



VI Poccuiickas koHdpepeHums BbIYUCITTIUTEbHbIN 3KCMEPUMEHT B A3SPOAKYCTUKE U ASPOANHAMUKE

Moaenmn ropeHus

b PeKT TEPMOaKYCTUYECKON HEYCTONYMBOCTU BO3MOXKEH JINLLb NPU HaAM4YUM B moaenn obpaTHOM CBA3W, a
MMEHHO 3aBMCMMOCTMN MOLLLIHOCTM HarpeBa g OT ra30AMHAMNYECKUX MAapPaMETPOB MNOTOKa.

B cnyyae cxembl KABAPE, B oTiMuMe OT TEPMOAKYCTUYECKUX LLENEN, NETKO MHTETPUPYIOTCA KaK IMHENHbIe, TaK U
HEeNMHEeNHble Moaenn ropeHuna. Hanpumep, gna cayvas Harpesa NOTOKA ra3a NPoOBOJIOYHOM CETKOM

pPaccCMaTpUBalOTCA caeaylolmne 2 moaenu:
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3aJa4a aHa/IM3a TePMOaKYCTUYECKOM HEYCTONYMBOCTU

Ona aHanm3a TEepPMOAKYCTUYECKOM HEYCTOMYMBOCTU PaCCMaTPUBAEMOro TPaKTa C HEKOTOPbIMMU
rPAHUYHbIMMN YC/IOBUAMM N BXOAHbIMU MapameTpamu MoToKa ¢ nomoubio cxembl KABAPE B KauecTtse
Ha4Ya/IbHbIX YCNOBUMN 334aH0TCA BO3SMYLLEHHbIE CTAaUMOHAPHbIe 3HAa4YeHUA ra30ANHAMMNYECKNX NaPaMeTPOB.
B obwem cnyyae 3a4at0TCA CAy4alHble BO3MYLLLEHMA 3TUX NapameTpoB. Torga, ecam 3agavya HeyCcTomMumBaa,
TO CNYCTA HEKOoTopoe (BO3MOXKHO, A0CTaTOYHO 60/1blUOE) KONYECTBO LIAroB BblAENATCA HEYCTOMUYUBDbIE
MoAbl 3a4a4um.

NS yCKOpEeHUs BblAeNEHNA HEYCTOMYMBOM FAaPMOHUKHN, a TaKXKe anAa 6osiee TOYHOro CpaBHEHMUA C
pe3ynbTaTaMn CETEBbIX MOAENEN B KaYECTBE Hauya/lbHbIX YCJIOBUM MOXKHO 334aTb BO3MYLLEHUE TAPMOHUKM
Tpybbl 6€3 UCTOYHUKA BblAeNEeHMSA Tenna (ecam oHO U3BECTHO).

[lnAa cpaBHEHUA C pe3ynbTaTaMu, NOAYYEHHbIMM MO CETEBbIM MOAENAM, B pe3y/bTaTe pacyeToB
3aNOMMHAIOTCA 3HAYeHUA KonebaHn CKOpPoCTU B HEKOTOPOM TOUKe TPYObl 1 3aTeM pacKNabiBatoTCcA B

pag Pypoe:

u" =u"(x,),n=0,K —1 » uN=S"Bel?kt preC
/ k

f =Re(wk)/27, Ak =—Im(wk)/27
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TecToBble pacyeTbl. Tpyba Pumke

[na sBepndmnKaumm metoaa PacCMOTPUM HECKOJIbKO 3aa4 O HaXOXKAEHUMN COOCTBEHHbIX YacToT
(BOOOLLLE roBOpA, KOMMNNEKCHbIX) B NPAMOM KaHane (Tpybe Puitke).
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[lapameTpbl BXOAHOMO NOTOKA: Mogenb ropeHuna n-tau c napameTpamum:

po=1.2 ke/ m3 (To =294.50649 K )
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[Tpsmana Tpyba 6e3 obnacTn HarpeBa rasa

CoOcTBeHHasA 9acTOTA ITeKpemeHT pocTa
Pemenne mo koxy OSCILOS 171.9963 I'y ~5.2329-10 " ¢
Pemenne mo cxeme KABAPE 171.8909 I'y —45.1071% !
AHaIHTHYECKOE pelIeHIIe 171.8924769 I'y 0c
OtHocHTensHas ommoka OSCILOS | 0.06% -
OtHocnTensHas ommoka KABAPE 97.10 o4 -
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g Ty

[Tpamaa Tpyba c 061aCcTbiO NMOCTOAHHOIO HarpeBsa rasa

CobcTBeHHas JacTOTA IHKpeMeHT pocTa
Pemenne o xoxy OSCILOS 172.4307 I'y —0.005602 ¢~
Pemenne mo cxeme KABAPE 172.3422017 I'y —0.005576 ¢~
AHaINTHYeCKOe pellleHle 172.344 I'y —0.0055741¢""
Xflame = 0-25
OtHOocHuTensHas ommoka OSCILOS 0.05% 0.5%
g =(q=const OtHocHnTensHas omnoka KABAPE 0.001% 0.034%
- I
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[Tpamaa Tpyba c 061aCcTbiO NMOCTOAHHOIO HarpeBsa rasa

Xflame =0.25
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CobcTBeHHAasA JacTOTA

ITHKpemeHT pocTa

Pemenmne mo koxy OSCILOS 1724331 1'y 0.11234747 ¢~
Pemenne no cxeme KABAPE 172.4184925 I'y 0.1120128 ¢
AHaINTIMECKOE pPelIeHIIe 172.3452846 I'y 0.1124191¢ "
OtHocHnTensHas ommuoka OSCILOS | 0.05% 0.06%
OtHocutensHas omnoka KABAPE 0.04% 0.36%

3.45

3.44

3.43

u [m/s]
w
b

34

3.39

3.38

3.37\|\\||\\\||\




VI Poccuiickas koHdpepeHums BbIYUCITTIUTEbHbIN 3KCMEPUMEHT B A3SPOAKYCTUKE U ASPOANHAMUKE

172.8

172.6

YactoTa [lTu]
iy
[N
Ja

—
-
n
o8]

172

171.8

—&—— AHanUTUKa
— - — OSCILOS
—--m--— KABAPE

. 06
KoopauvHaTa o6nacti ropeHun [m]

04

0.1

0.08

0.02

g Ty

—@— OSCILOS
— W — HKABAPE

04 06
KoopauHaTta o6nacm ropeHuna [M]




VI Poccuiickas koHdpepeHums BbIYUCITTIUTEbHbIN 3KCMEPUMEHT B A3SPOAKYCTUKE U ASPOANHAMUKE

0.15

0.1

o
o
o]

WHkpemeHT pocTa [1/c]
o

o
[
a

-0.15

AHannTHKa

QSCILOS
KABAPE

*

04

. 06
KoopanHaTta o6nacti ropeHna [M]

Ownbdka [%]

g Ty

—@— OSCILOS
— W — KABAPE

04 .
KoopaunHata o6nact ropeHna [m]

06




VI Poccuiickas koHdpepeHums BbIYUCITTIUTEbHbIN 3KCMEPUMEHT B A3SPOAKYCTUKE U ASPOANHAMUKE

Tpyba Puinke npm nameHeHUM NoNoKeHMA 061aCTV rOpeHus
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MukpemeHT pocTa [1/c]
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Tpyba Puinke npm nameHeHUM NoNoKeHMA 061aCTV rOpeHus
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Pe3ynbTaTbl M AanbHENWan paboTa

[MpennoxKeH anropuTm aHasnM3a TEPMOAKYCTUYECKON HEYCTOMUYMBOCTU KaMep CropaHua, OCHOBAHHbIN Ha
NPAMOM YUC/IEHHOE MOAE/NIMPOBAHUM C NOMOLbIO Be3anccmnatmBHon H6asiaHCHO-XapaKTePUCTUYECKOM
cxembl KABAPE.

BbinoNHEHHbIE AnAa Tpybbl PuiiKe pacyeTbl MOKa3a/IM BbICOKYHD TOYHOCTb HAXOMAEHUA HUMKHUX
KOMMNEKCHbIX YaCTOT HEYCTOMYMBLIX MOZ, AarKe Ha rpybbix ceTKaX, CPaBHMMYIO C TOYHOCTbIO PacYeToB Mo
noaxoAy CeTeBblX moaenen. 9To roBOPUT O TOM, YTO BblAe/leHUe HeYCTOMUYMUBDBIX aKYCTUUECKUX MOJ,
BO3MOXHO B Npouecce pacyera KBa3sMOAHOMEPHbIX HECTaUUOHaPHbIX TEYEHU B KaHanax npwu
NUCNONb30BaHMUU 6e34MCCMNaTUBHBIX BbIYUCIUTENbHDBIX a/ITOPUTMOB.

Cnegyrowym wWarom B pa3BuUTMM 6anaHCHO-XapaKTEPUCTUYECKUX METOA4O0B ANA 3a4a4y BMOPOropeHums
MOrs10 Bbl CTaTb MCNONb30BaHME ABYMEPHbIX N TPEXMEPHbIX pacyeToB obaacTer ropeHusa rasa no cxeme
KABAPE. Pe3ynbTaTbl TaKMX pacyeToB BNOCAEACTBMM MOTYT ObITb MHTErPMPOBAHbI KaK B CETEBbIE MOAENN
B BMAE OYHKUMKA OTKAMKA NAaMEeHU, TaK U B MPEeANOKEHHYID KBAa3MOAHOMEPHYHD MOAEeNb B BUAE
3HAaYeHUN ANA MOLLHOCTM Bblaenaemon Tennotbl. Kpome Toro, MHOroMepHble pacyeTbl TEYEHM rasa B
y4yacTKax TpyObl CNOXKHOM GOPMbl MOXKHO MCMNOMb30BaTb A1A aNMNPOKCUMALMN COOTBETCTBYIOLWMX MATPUL,
nepexoda B CeTeBbIX MoaenaAx.
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Cnacmbo 3a BHMMaHue!



