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Poszenauymo mooichugicms 3acmocy8anus mepmocpagiunozo memoody O GUHAYEHHS PieH 1 emicmy
piokoi azu 6 3abpyouenni y macicmpanvnux 2azonposooax. Ilobyooeana mennogizuuna  mooein
2a3onpogody i3 08ogaznum HanosHiosavem (2az - piouna). Hageoeno excnepumenmanvhi i po3paxynkosi
OaHi, wo niOmMeepo’CYIoms NPUHYUNOBY MOJUCIUBICMb 3ACMOCYBAHHSA MEPMOSPAPiuHO20 Memooy O
KOHMPOJIO PIGHS KOHOEHCAMY 6 2A30NPOGOOI.

Kuouogi cnosa: e2azonposio, 2as, piouna, mepmozpaQiunuil Memoo KOHMPOIO, KOHOEHCOBAHA 8004,
emMynbcis, 3a0pyOHeHHs, 2a306Ull KOHOeHCam, pieeHb, memMnepamypad.

Paccmompena 603MOMCHOCIb NpUMEHEHUs MepMOoSpaduueckoco mMemooa ONsl OnpeoeneHus YPOoeHA U
cooepoicanuss  JHCUOKOU  (azvl 68 3AepAHEeHUAX 8 MASUCPAIbHBLIX — 2a30npogodax. Ilocmpoena
mennogusuueckas MoOelb 2a30NPoe00d C O8YXPA3HBIM COOCPIUCUMBIM (2a3 - dcuoxocmn). IIpusederiv
IKCHEPUMEHMATbHBIE U  pPACUemHbie OaHHble, HOOMBEEPAHCOIOUYIO NPUHYURUATLHYIO  BO3MONCHOCHIb
npumenenus mepmozpaguueckozo mMemooa Ojis KOHMPOAs YPOGHS KOHOEHCAMmd 6 2a30Mpoooe.
IIpoananuzupoeano enusHue memMnepamypvl OKpyiIcaloweli cpeobt Ha Yy6CmMEUMeAbHOCb Memood.
Kntoueswie cnosa: 2azonpogoo, 2az, HCUOKOCHIb, MepMocpauuecKuii Memood KOHMPOIs, KOHOeHCUpyemdas
6004, dSMYNbCUSL, 3A2PAZHEHUE, 2A308bLI KOHOCHCAM, YPOGEHb, MeMnepamypad.

The possibility of thermographic method application to the estimation of gas-main pipeline liquid phase
contamination content level is considered. The gas pipeline with two-phase innage (gas and liquid)
thermalphysical model is built. The experimental and calculation data that confirm the principal possibility
of thermographic method application to pipeline condensate level control are given.

Keywords: gas pipeline, gas, liquid, thermografhic method of control, condensed water, emulsion,
contamination, gas runback, level, temperature.

Kak moka3biBaloT pe3ynbTaThl KOMIUIEKCHBIX
WCCJICIOBAHMI W JKCIUTyaTallMOHHBIC JaHHbIe [1],
KO3 (UIIMEHT TuApaBiIYeckoil 3(PPeKTUBHOCTH
Oonbllie YacTM MAarvcTpalbHbIX Ta30MpOBOAOB
cTpanbl Haxogutcs B mpeaenax 70 — 90%, uro
CBUJICTENIECTBYET O HAKOIMJIEHWHM BO BHYTpPeHHeH
nojiocTu  Tpy0  OTIOKEHWUH  (3arps3HEeHwiA).
3arps3HeHHe — 3TO CJIOKHas MHOIOKOMITOHEHTHast
CMeCb, KOTOpasi COCTOMT W3 TIOBEPXHOCTHOW U
KOHIEHCUPOBAHHON  BOXBI,  YIJI€BOJAOPOIHOTO
KOHJIEHCATa, AMYJIbCHH, MEXaHMUYECKHX TPUMECeH,
MUHEpaIbHBIX MaceJl, OpraHuIeCKUX KUCIIOT, COJIei
JKeJie3a, MeTaHosa U TJuKoJiei [2].

s TOBBILLICHHS THIPABIIMYECKOM
3(hPEKTUBHOCTH W HAJIGXKHOCTH PabOTHI Ta30TPOBOIOB
Ha Tra30TPAHCTIOPTHBIX TPEATPHUATHIX TMPOBOAATCS
MpoAyBKa W OYMILEHWE BHYTPEHHEH mMoiocTh
ra30npoBOJIOB, YTO COMPSKEHO CO 3HAUUTEIbHBIMU
MaTepuajbHbIMH 3aTpaTamu. OnmHUM W3 myTel
COKpAllleHUsT 3THUX 3aTpaT MOrJIO Obl CIYXXHTh
MOJIy4YeHWe TMpeJBapuTeNbHOl MHpopMaluu 00
YPOBHE 3arps3HeHHs Ta30MpoBOJa, B YaCTHOCTH, O

coJiepKaHUM UX KHUIKOH (HOPMBI.

Jns peuienust aToi 3amauu Oblaa BbIABUHYTA
rumnore3a o0 MCMONB30BAHUM OECKOHTAKTHOTO
Tepmorpaduyeckoro Mertona. OHa OCHOBBIBaeTCS
Ha TOM, UTO MepeKauuBaeMblii ra3, mnpouas
HAaCOCHYIO CTaHLMIO, oOnajgaeT TOBBILISHHOM
OTHOCUTEJILHO OKPY>KaIOLLEH cpe/ibl TeMnepaTypoi,
Torga Kak  KOHAEHcaT, OYEeBHIHO, HMeeT
Temneparypy, OJIM3KYyI0 K OKpy»Xarwllei cpeje.
Kpome Toro, raz m koHzeHcaT UMEIOT pa3/InUHbIe
teruiopuznueckre xapakrepuctuku (TDX), uro B
WTOre  JOJDKHO  BBI3BaTh  HEPaBHOMEPHOCTH
TEeMIIEpPaTypHOTO noJist Ha MOBEPXHOCTH
razonpoBoja NpH YCJIOBUM HAJIUYUSl KOHAEHCcATa.
B uTore, KoHTpoMMpysl TpagueHT TeMIepaTypHOTo
MoJjii  Ha  BHEIIHEW  TIOBEPXHOCTH  TPYyObI
TepMorpadpuIeckuM MeTOIOM, MOXKHO ONpeesIuTh
YPOBEHb 3aMOJHEHUS TPYObl KOHIEHCATOM.

Jns  mpoBepkM JaHHOM TUMOTE3bl  ObLIH
TPOBEJIEHbl TEOPETHUECKHE U SKCTIEpUMEHTATbHbIE
WUCCICOBAHUS, PE3yNbTaThl KOTOPBIX MPUBEACHBI
HIDKeE.
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DKciepUMeHTaTbHbIe HCCTIeIOBAHUS COCTOSITH
B TepMorpaduueckom 00C/IE€AOBaHUM  y4acTKa
razonpoBoga YepBoHomoHeukod JIKC (HuxkHsAA
OTMETKA 3aJIeTaHus TpyOONpPOBOAA) npu
CIIeIyFOIINX YCIOBUAX:

- TeMIiepaTypa okpyKatoruei cpenpl 7,=14°C,

- Temneparypa rasza 7;=16°C.

Ha puc. 1 TPECTaBIICHBI BUIUMOE
M300pakeHne OTKOMAHHOTO y4acTKa ra3onpoBoia u
ero TepMmorpamMma (Tociie  COOTBETCTBYIOIIEH
00paboTKH). Ha TepMorpamme 4eTKO
MpoCcMaTpUBaeTCs rpaHuIa paznena
TEMIIEpaTypHOTO TIONIT MEXAy BepxHeil (Taz) u
HWKHEW (KOHOEHCAT) uacThi0 TPYOOMpPoBOAA;
pasHoOCTh TeMIiepaTtyp cocTaBuiIa 0,6°C.

TTonoxxenne pazaena TeMnepaTypHOro moyis MOXKHO
YpPOBEHB
COOTBETCTRYIOLLMH

3anoHeHUs
60%

WHTepNIPeTUPOBaTh  Kak
TpyObl  KOHJIEHCATOM,
o0BemMa TpyOBI.

0)

Pucynok 1 - Buanmoe n3o0pakeHne yyacTka
TpyGonpoBoaa (a) u ero oopadoranHas (0)
TepMorpamMma (MyHKTHPOM NMOKA3aHA TPaHnIa
pasaesia ra3 — KOHAeHCAT)

Jlis aHanuza pe3y/ibTaToB dKCMEpUMEHTA Obljia
pa3paboTana Teruoduzndeckast Mo/ienb
ra3onpoBoja € KOHIEHCATOM, CXeMaTH4YeCKH

MpelacTaBleHHass Ha puc. 2.  Meraminueckuit
HWJIMHIP C  TOJNIIMHOM CTEHKW /A  4acTH4YHO
3aroiHeH JKUAKOCTBIO (xoHnmeHcaTOM) c

Temnepartypoit 7>, HaCTUUHO ra30M C TeMIepaTypoit
Ti. Temnepatypa okpyxatouieil cpeasl 7y, Tpu
3TOM mpenanonaraetcs, uto 11> 15> Ty.
s maremaTtMdeckoro - ONMHUCaHUs
¢u3nyUeckoii  MoJenu  HMCHOJIBb30BaHCh
TpaHWYHBIE YCIOBHS:
- Ha rpaHMLIaxX pasfesia MeTal — ras, MeTajul —

TCIJI0-
TaKXKeE

JKHAKOCTh W MeTalll — BO3AYyX (OKpysKaromias
cpena) rpaHuuHble ycioBus 3 - ro poxma [3] c
KodpQULMEeHTAaMH TemiooTaauyu oy , Oy U o
COOTBETCTBEHHO;

— UCKOMBIMHU BeTMYMHAMM TIPH aHaJIN3€e MOJENN
SBIISTIOTCSl 3HAUEHWs TeMIepaTyp Ha TMOBEPXHOCTH
TpyObI: T'y — B ee BepxHeii uacTh; 7', — B ee HIKHEH

YacTH.
T q o q

T
Pucynok 2 - Tennopusudeckasi Moaesb
TpyGOompoBoaa

Jlng mpoBefieHUsT pacueTOB HCMONB30BANOCH
ypaBHEHWE CTAIMOHAPHOH Teronepenaun [3]

q=T-T)/R,, )

TJie ¢ — TETIOBOM MOTOK Uepe3 CTeHKY TpyObl;, Rt —
BEMYMHA TEPMHUYECKOTO COMPOTHBIIECHHUS CTEHKU
TpybonpoBoaa

R/' :L+ﬁ+l;
a A o

2

A — Ko3(hPHUIHEHT TErUIONPOBOJHOCTH MaTepHaa
TpyOBI.

B cnyuae, korna HapyxHbiH auamerp d; TpyObl
MHOTO OOJbIIIe TOJNIINHBI CTeHKH /1, ypaBHeHHe (2)
npeoOpazyercs K BULY:

_ Aoy +hao+od
Ao o ‘

R

7
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Tloncrasnss (1) B (3), nonydaeM , 4To
_ Mool —T)
Ao, + houo+ ok

)

N3 ypaBHenuns (4) MOXXHO HaWTH BbIpaXKEHUE
JUIS TeMIlepaTypbl Ha TIOBEPXHOCTH TPYOBI B €e
BEPXHEH yacTu:

]—;': aa]a(n _7—;) , (5)
(Ao, + ha,o + k)
TEeMIepaTypONpPOBOHOCTh MaTepHaa

rne a -

TPYOBI.
AHaJIOrMYecKHM CcrocoOOM MOXKHO TMOJTYYHTh

BBIpOKEHUE /IS TeMIepaTypbl B HW)KHEW uacTh
TPYOBI:

g a0l - T)
' (o, + houo+ o)

(6)

s npoBemeHuss pacuyeToB C  MOMOIIBIO
¢dopmyn (5) u (6) HUCHONB30BAIKCH CIPABOYHbBIE
3HAYEHMS O TETUIONPOBOIHOCTH [4] /uTst MaTepuana
Tpybonposona — A, =86,5B/MK, raza -
A, =34,2:10°B/MK I/I
A, =34,2-10" B/mK.

3Hauenust Temneparyp Ty u T) OblIM 3aaaHHbI
COTJIaCHO YCIIOBUSIM TIPOBEACHHS JKCIIepUMeHTa:
To=14°C, T;=16°C. TlockoabKy TemmepaTypa
KoHAeHcaTa 1, HEW3BeCTHa, WCMOIb30BAIOCH
Jonyienue, 4rto 71, OnuM3ka K TeMreparype
OKpYyXarolei cpefibl (TeruiooOMeH MeXIy T'a3oM U
KOHICHCATOM He YUYWTHIBAJlCS), OAHAKO IS
MPOBEPKH  ATOTO  JOMyHIeHWs  3HaueHue 1)
BapbupoBasiock B mpenenax 17 >> T, > T;. Kpome

KOHACHCaTa —

TOTO, JUIS OLEHKW BIWSHUAS  TeMIeparypbl
oKpykatomed cpeabl T, ee 3HaueHHEe TOXKe
BapbHUPOBAJIOCh.

Pesynbrarst pacuerta TeMIepaTypHOro

nepeniaga AT=T"- T"', Ha MOBEepXHOCTHU TPYObI MPH
HeusMeHHOM Temneparype raza (77 = 16°C)
MpuBeAeHsl B Ta0. 1.

Ta6anna 1 - Pe3yabTaThl MAaTeMATHYECKOTO

MoIeTHPOBAHMSI
Ne BBoauMMbIE aHHBIE | PE3yJIbTAT

BapHaHTa Ty, °C T»,°C AT,°C

1 14 14 0,7

2 14 15 0,5

3 0 0 9,3

4 0 5 7.5

5 -10 -10 12,2

6 -10 0 8,7

Kak BumHO U3 Tabn. 1, pe3ynbTar pacueToB Mo
1-My BapuaHTy, COOTBETCTBYIOLIEMY YCIIOBHUSIM
MPOBEZICHUSI  JKCTIepHMeHTa, OmM3oK K
9KCIIepUMeHTAIbHOMY 3HaYeHHi0 AT = 0,6 °C.

W3 ostoro cmemyer, uTo oOOHapy>KeHHas
HEpaBHOMEPHOCTb ~ TEMIEpaTypHOro  TOJIsT  Ha
MOBEPXHOCTH TpyObl  JIEWCTBUTENLHO  BbI3BaHA
HaJTHuYHueM KOHJIeHcaTa. U3 CpaBHEHHUS
MPHUBEJICHHBIX B Ta0/. 1 BApUAHTOB TaKkKe CleyeT,
YTO TIPHU TIOHMKEHWH TeMIepaTypbl OKpY»Karomiei
cpeapl T, BO3pacTaeT TeMMepaTypHbIH KOHTpacT
AT, BbI3BaHHBIH HAJTAUHEM KOH/IEHCATa.
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TepMorpaduieckoro MeTosa Ui KOHTPOJIS YPOBHS
KOHIeHcaTta B rasonpoBome. I[lpu 3TOM MeToq
obnajaeT TaKUMH Ba)KHBIMH JTOCTOMHCTBAMH, Kak
0ECKOHTAKTHOCTb U ObICTpOIEHCTBHE.

Bozuukaronuii u3-3a  Halu4us KOHJIEHcaTa
TeMIepaTypHbIi Tepenaa Ha TMOBEPXHOCTH TPYyOb
3aBUCUT OT PA3HOCTH TeMIepaTryp OKpy»KarouieH
cpembl W TpPaHCMOPTUPYEeMOTo  rasza,  4YTO
o0ycnapnuBaeT 6ojiee BHICOKYIO YYBCTBUTEILHOCTh
MeTola TpH TPOBEICHWH KOHTPOJS B 3UMHHMR
MEePHOI.

st monyveHus 6osiee TOYHOM OLIEHKH YPOBHSI
KOHJeHcaTa B TpyOe TepMorpaduueckuM MeToI0M
HeobxonMma JnopaboTka MPEJIOKEHHOM
TerI0(U3NUECKO MOJIeNTH B HAlpaBJIeHUH y4eTa B
HEeW MEXay TemaooOMeHa MEXIy IBHKYILEMCS
MOTOKOM Ta3a U KOHIEHCATOM.
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