BBIBO ]

Jns ucenenyeMoi CTEHKH TEIUIO0TAada 1Mo Beel ee MOBEPXHOCTH MPHOIN3HU-
TEJIbHO OJJUHAKOBA, U TPAJUEHTHI TEMIIEPATYPHL HA PSAIAOM PACIIOJIOKECHHBIX yUa-
CTKaxX MOTYT OBITh BBI3BaHBI Pa3IMYHONW TEMIIEPATypoil Ha €€ BHYTPEHHEH Io-
BEPXHOCTH JIMOO Pa3HOM TOJILMHON MM TEIUIONPOBOIHOCTHIO M30JISLUU CTEH-
Kd. Pasnuuume cpeqHux TeMmmeparyp CTEHOK MOXKET OBITh BBI3BAHO WX Pa3HOM
TerIooTAa4Ye. Pe3ynpraTel MOJAEIUPOBAHUS, IPUBEACHHBIE HAa PHUCYHKAX, XO-
POLIO COTIACYIOTCS C pe3yabTaTaMU TEPMOMETPHUUECKUX HCCIIEIOBAHHM.

JlaHHas MeTOJMKa MCIOJIb30BaHA IIPU PAacyETe HArPEBAHMS MHOI'OCIOWHBIX
TeJl B IpoLEccax paaualliOHHO-KOHBEKTHUBHON CYIIKH KOMIIO3UL[MOHHBIX MaTe-
pHanos.
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Azepbaiioaxcanckas 20cy0apcmeeHnas HepmaHas, akaoemus

B obnactu cBEpXKpUTUYECKUX AABICHUH K HACTOAIIEMY BpPEMEHH IpPOBEIe-
HO 3HAYMTEIBHOE YNCIIO IKCIEPUMEHTAIFHBIX pa0OT MO MCCIIETOBAHUIO KOHBEK-
THBHOM TEMJIOOTAAYM C UCTOIb30BAHUEM Pa3IMYHBIX TEIJIOHOCUTENEH, OXBaThI-
BAIOIMX B OCHOBHOM TYpOYJICHTHBIM PEKUM BBIHYXACHHOTO IBIKeHusA. OqHa-
KO PE3yJIbTaThl 3TUX HCCIEIOBAHUN SIBISIOTCS HEAOCTATOYHBIMH IS TOJHOTO
MOHUMaHUsl (U3NUECKOH CYIIHOCTM MEXaHW3Ma TeIlooOMeHa W pa3paboTKu
pacUeTHBIX YPaBHEHUH /JIS OLIEHKM MHTEHCHBHOCTH TpoIlecca TeTI000MeHa.

YkazaHHbIE OOCTOSITENIECTBA MOTPEOOBATN pACIIUPEHHUS 00JaCTH HCCIEIO-
BAHMW B YCIIOBMSIX CBEPXKPUTHUECKHMX HABIECHHMN TeIJIOHOcUTened. B Hacros-
meil pabore MpHUBEAEH psAl Pe3yJbTaTOB SKCIEPHUMEHTANBHBIX HCCIEeIOBAaHHUHA
TEIJIOOTAA4YHU K JIAMUHAPHOMY IOTOKY H-T€NTaHA B YCIIOBUSIX CBEPXKpPUTHYE-
CKHUX JaBlieHuil. PaccmMaTpuBaeTcs ciyuaii, KOorja HanpaBi€HUs BBIHYKIECHHOTO
1 CBOOOJHOTO ABIKEHUH B3aWMHO IMPOTHBOIOJIOXKHBI (HUCXOMAIIEE IBIKEHHE
KUIKOCTH).

OCHOBHbIE MPEUMYIIECTBA YIJIEBOJOPOIOB 3aKIIOYalOTCA B TOM, YTO IIO-
cieqHue 00JaNaloT CPAaBHUTENFHO HU3KON BETMYMHON KPUTHUECKOTO JABICHUS
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(HampuMep, Ui H-TENTaHa Py, = 2,736 MIla), He BBI3BIBAIOT KOPPO3UIO KOHCT-
PYKIIMOHHBIX MaTepuanoB. B muTepaType HEOIHOKPAaTHO paccMaTpUBAJINCh
BO3MOKHOCTH OCYIIECTBIICHHSI OJHOKOHTYPHBIX CXEM C OPTaHHYEeCKHMH Bellle-
CTBaMHU B aTOMHOM 3HEPreTUKE U BBICKA3bIBAINCH UACH MCIOJIb30BAHUS B PEaK-
TOpE pa3lIMYHbIX YIIIeBOJOpOoAoB. Temnodusnyeckne CBOHCTBAa H-renTaHa Mmojl-
poOHO wccaenoBaHbl B MIMPOKOM MHTEPBAJIE M3MEHEHUS JAaBIICHUS W TeMIIepa-
Typ [1]. JaHHbBIE MO TEIUIOGU3NYECKHM CBOWCTBAM BEIIECTB HEOOXOIUMBI IS
aHaJM3a U 0000IIEHNUS TOTyYEHHBIX PE3yJIbTaTOB.

[Ipomecc TemmooTnaum HcciaenoBalICsd Ha AKCHEPUMEHTATFHOW YCTaHOBKE,
MpEeACTaBIAIONEeH coO00H Pa3OMKHYTHIH LMPKYJSIMMOHHBIA KOHTYp. [lompobHoe
OTHCAaHNE YCTAaHOBKH M METOJWKA MPOBEACHUS ONBITOB AaHbl B [2]. OCHOBHOIM
3JIEMEHT YCTaHOBKH — JKCIepUMEHTabHas TpyOa M3 HepKaBerolleld cTaiu Ma-
pok 12X18H10T u 0X18H10T, nnuHa U quaMeTp KOTOPOH BBIOMpANKCH IO yc-
JIOBHSIM TIPOBOJIMMBIX MCCIIeIOBaHUN. Paboumii yuacTok oOecrieueH TEIIOBOU U
THIPOAMHAMUYECKON crabuian3aunneil. DKcnepuMeHTalIbHble TPyObl 00OrpeBa-
JIUCHh NIEPEMEHHBIM AIEKTPHUYECKUM TOKOM HHU3KOTO HaNpsKEHHs, CHIJIa KOTOPO-
T'O peryarpoBaiach MOCPEICTBOM OJHO(DA3HOTO MOHMKAIOIIETO TpaHchopmaro-
pa. Ilpu onpenenennu ko3¢ GuIKNEHTa TEIIOOTIAYd MaKCHUMAIbHO BO3MO>KHAS
OTHOCHTEJbHAs MOTPEMHOCTh cocTaBisuia 19 %, a cpennekBagparnynas — 14 %.
PexxumHbIE MapamMeTpsl MpoIiecca 0XBaThIBAIN HHTEPBA U3MEHEHHUS:

pP= (1309*3,00)p1<p; i = (050371304)t1<p;
te = (0,11-2,62)t,p; Reyq=500-3200;
Gl = 10*-10% ¢ =10"-2-10° Br/m’.

i OoCyIIeCTBICHUS TMPOSKTUPOBAHUS M CO3/IaHUS COBPEMEHHBIX BBICOKO-
HaNpsHKEHHBIX TEIUIOOOMEHHBIX CHCTEM B MEPBYIO ouepelb HeOOXOAMMa JOCTO-
BepHas nHPOPMAIUI O 3aKOHOMEPHOCTSIX pacmpe/elicHHs TeMIepaTyphbl TEMIo-
OTJAIOIICH MMOBEPXHOCTH CTCHKH KaHayia. B 3To#l cBsI3u paccMOTpuM rpaduk
3aBUCUMOCTH . = f{x) (puc. 1), TOCTPOEHHBIA TO pe3yibTaTaM dKCIIEPUMEH-
TaNBHBIX JAHHBIX JUIS CIydYas B3aMMHO MPOTHBOIMOJIOKHBIX HAMpPaBJICHUHA ecTe-

CTBEHHOTO M BBIHY)K/ICHHOTO JBIKEHHUH B ycnoBusax: p = 4,0 MIla; £ = 10 °C;
pW = 250 kr/(M*- ¢). O4eBHAHO, YTO IPH TEMIIEPATYPE CTCHKH HIDKE MCEBIO-

KPUTHYECKOH TeMIlepaTyphl ucciemxyeMoi xkuakoctu (¢, = 295 °C) xapakrep
pacnpeneneHusl TeMIepaTypsl TEIUIOOTHAIOMIed IOBEPXHOCTH CTEHKH TPYOBI
TaKOM ke, KaK ¥ IPU OOBIYHOM KOHBEKTHBHOM TEMJIO00MEHE, UMEIOIIEM MECTO
MpU JTOKpUTHYECKUX JaBieHuAX (kpusble 1-3). [lo Mepe yBenuueHUs IUIOTHO-
CTH TEIJIOBOTO IOTOKAa TeMIlepaTypa TeIUIOOTJAIOIeH MOBEPXHOCTH CTEHKHU
TpyObl BO3pacTaeT U NpUOIMKAeTCs K NICEBAOKPUTHUECKON TeMIIEpaType Ucciie-
OyeMOH >KHAKOCTH. B pesynpTare pe3Koro H3MEHEHHUS TemIo(U3nIecKuX
CBOWCTB (OCOOEHHO ¢, U p) B MPUCTEHOYHOM CJIO€ HAOIIOAAETCsl HEKOTOPOE Ha-
pYLIEHHE MOHOTOHHOCTH PAacIpeAeIeHUs] TeMIIEpaTypbl CTEHKH BJOJb KaHaJa.
HanpuMep, HpH mIOTHOCTH TerutoBoro motoka 0,890 -10° Br/m” temmeparypa
TEIUIOOTAIOIIEH MOBEPXHOCTH CTEHKH TPYOBI Ha paccTosHUsIX X = 30—116 MM
Bo3pacTaeT oT . = 175,5 °C no t. = 280,3 °C, a B ee KOHEUHOI YacCTH OCTaeTCs
HeusMeHHoU u paBHOH 294 °C (xpuBas 4). [Ipu 3HaUeHNH ke MIIOTHOCTU TETLIO-
BOTO MOTOKA ¢ = 1,246 10° B1/M” TeMmiieparypa TeMIo0TAAIONIeH TOBEPXHOCTH
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CTeHKH TPYOBbI Ha PacCTOSHHUH X > 88 MM OT BXOAa OCTAaeTCs MPHOIH3UTEIHHO
noctossHHOMN, paBHOU 287 °C (xpuBas 5). Takum oOpa3om, M TaHHBIX PEKU-
MOB XapaKTEPHO, YTO C MOCJICAYIOUUM YBEIMYCHHEM IUIOTHOCTH TEIUIOBOTO
IIOTOKa tc MMPAKTUYCCKN HECU3MEHHA U OKCIICPUMECHTAJILHBIC TOYKHU, ITOJTYYCHHBIC
[IPH Pa3IMYHBIX 3HAYEHHUAX ¢, CIMBAIOTCS, YTO CBH/ICTCIBLCTBYET O HACTYIJICHUH
YIIyYIICHHOTO pPEeXHMMa TEIUIOOTIauu. B paccMaTpuBacMOM cCiiydae PEeKUM C
y.]'[y‘HHeHHOfI TeHJIOOT):[a‘-IefI OXBAaTBIBA€T MHTEPBAJI U3MCHCHUA ITIJIOTHOCTH TCII-
noBoro nmotoka ot 0,890-10° mo 1,627 10° Br/m’. Opnako oTBET Ha BOIIPOC O
TOM, KaKOi HHTEpBajl H3MEHCHHS IUIOTHOCTH TEIJIOBOI'O IMOTOKAa OXBAaThIBACT
YKa3aHHBIA PEKUM TEIUIOOTAAYH, 110 HAIIEMY TPEAOIOKECHUI0, OYIET 3aBUCETh
OT BEJIUYHUHBLI MAacCOBOH CKOPOCTH ABMXXYIIETOCA IMOTOKA B KaHAJIC. PeSyHBTaTBI
MHOTOJIETHUX MCCJICIOBAHMN TOKa3aid, YTO YMCHBIICHHE MAcCOBOH CKOPOCTH
JBUKYIIETOCS TIOTOKA MPHUBOJUT K 3aMETHOMY CHIDKEHUIO HMHTEHCUBHOCTH TETI-
J000MeHa B o0J1acTH t, = t,, [2-5].

t., °C
Puc. 1. 3aBucumocts £, = fix): 1 — g = 0,298 x
x 10° Br/m%; 2 — 0,409 -10°%; 3 — 0,670 10°; 4 —
0,890-10% 5 — 1,216-10% 6 — 1,627-10°%; 7 —
2,063-10% 8-2,139-10% 9 — 3,824 - 10° Br/m? X, MM

B ompenenenHoM wWHTepBajie W3MEHECHHS IUIOTHOCTH TEILIOBOTO ITOTOKA
(g = 1,627-10°-2,140 - 10° Br/M%) TemItepaTypa TEIIOOTIAMOMIEH MOBEPXHOCTH
CTEHKUA TPYOBI BO3pPACTAaET M HACTYMACT OTHOCHUTEIHHO YXYAUICHHBIA PEXKUM
tertootnaun (kpuBblie 6—8). [Ipu GONBIIMX 3HAYCHUSIX TUIOTHOCTH TEILUIOBOTO
MTOTOKA ¥ BBICOKOW TeMIIepaType TEIUIOOTIAIOIe TOBEPXHOCTH CTEHKH TPYOBI
3a(pMKCHPOBAHO CHIDKEHUE TEeMIIepaTypbl CTEHKH BIUIOTH JIO f, = f, + 30 °C
(xpuBas 9).

B uHTepBane um3MeHEHHUs IUIOTHOCTH TEIUIOBOrO MoToKa oT 2,139 10° 1o
3,824-10° Br/M’ B OTAENBHBIX CEUCHHSAX KaHAA TEMIIEPATYPBI OXJIAXKIAEMOiA
MMOBEPXHOCTH CTEHKH MPHONM3UTEIHHO OIWHAKOBHI, YTO XapaKTEpU3yeT yCTOM-
YUBBIA PEXUM YIYUIICHHONW Teruiootrnadu. Cpenu TEepeuucICHHBIX PEXUMOB
YCTOWYHMBBIN PEXKUM YIYUIIEHHOW TEIJIOOTIA4Yd OXBATHIBAET TOBOJBHO ITUPO-
KW HHTEpBaJ M3MEHEHHUS TUIOTHOCTH TEIIOBOTO IMTOTOKA. DTO XOPOIIO BHIHO U3
rpaduka 3aBUCUMOCTH ¢, = fl¢) Ha (pUC. 2), KOTOPHIH MOCTPOCH MO TOKA3aHHUIM
TepMOIap, PacloNOKECHHBIX Ha paccTosHuu x = 110 MM oT BXoma B TpyoOy,

0 pe3yJbTaTaM MPOBEAEHHBIX MccienoBanuil npu: p = 4,0 MIla; £°= 10 °C;
pW = 250 xr/(M*-c). YKa3aHHAs 3aBUCHMOCTb IPETEPIIEBAET MHOTOKPATHBIC

W3MEHEHUS, U B O0JIACTH £, > f,, KOI(PPUIMEHT TEIUIOOTAAYM O YBEIHYUBACTCS
Oospie ueM 2—3 pasa 1o CpaBHEHHIO ¢ OOBIYHBIMU YCIIOBHSMU.
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tC) tma OC

¢-10° Br/m®

Puc. 2. 3aBucumocrts ¢, = f(q)

3
II:IIE = £f(Gr), rme Nu® — skcnepu-
0

MCHTAJIBbHOC U Nuo — PpacCUCTHOC 3HAYCHUA KPUTCPUA HYCCGJ'ILTa JIsL U30TEp-

Ha puc. 3 nmpexacraBieHa 3aBUCUMOCTh

MHYECKOTO TeUeHHS (ompenesieMble mo dhopmyde [6]):

Pr 0,25 0,10
_ 050 1.043 T Li(x) X
NuO)K(x)x = Oa3 3 Rex((x)x Pr)K(X) Pr o (Ej . ( 1 )
C

31ech B KauecTBE OMPEIEIAIONIETO pa3Mepa MPUHATO PacCTOSHUE paccMart-
pUBAaEMOr0 CEYEHHs OT Hayasia TPyObl, a B KauecTBE OIpeessiomell Temmepa-
TYpbl — CpelHss B JAHHOM CEYEHUH TEMIEpaTypa >KUIKOCTH (BenndnmHa Prg
BBIOMpAETCS IO MECTHOMY 3HAUCHHIO TEMIIEPATypPhl CTEHKH) [6].

Ypasuenue (1) MOXXHO IPECTaBUTE B BUIE

Pr, 025 dJ 0,40
Nut0 = 033RE5, Pri| @ , 2)
(X

Nu®
Nu,

Puc. 3. 3asucumocts NU = AGr)
Uy

Kak BuanOo u3 puc. 3, yka3zaHHBINA TpaguK MOKET OBITh pa3JelicH Ha JIBe Jac-
: Gr < 10° u Gr > 10°. IIpu Gr < 10° BiausiHuEe CcBOOOIHOI KOHBEKIIMMU HA Xa-
paKTep M3MEHEHHs TEIUIOOTAAYM HE3aMETHO, U JIOKaJbHbIe 3Ha4eHus Ko3ddu-
IMEHTa TEIUIOOTAAYl MOTYT GITh ompeneness! no (2). Ilpu Gr > 10° sxcnepu-
MEHTaIbHBIC JIAaHHBIC TIO JIOKATBHOMY 3HAYeHHI0 KOA((QUIMEHTa TEIUIO0TAaYH
OIIMCBHIBAIOTCSA KPUTEPUAIBHBIM YPABHEHHEM
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15 d 0,40
S SR L 1 ) I

X (%) X

Wiu ke ¢ yaerom (2) ypaBHeHHe (3) MOKET OBITh IPEICTABICHO B BUJIC

_s\,I5
Nty = 127Nyl Gr- 107 [0, @)

TJIe coriacHo [7]
d
Gr:g(pm_pc})»(u_z' (5)
XK

Kputepuanbhbie 3aBUCUMOCTH (2) 1 (4) ONHCHIBAIOT TEIIOOT/AAYY H-TeNTaHa
COOTBETCTBEHHO IIPH BA3KOCTHOM U BSI3KOCTHO-TPABUTALIMOHHOM DEXHMax B
MpeJieNnax MOrpeIHOCTH OTbITa.

BBIBO ]I

[Ipu ycnoBuu ¢, > ¢, yCTaHOBIEHO HEMOHOTOHHOE U3MEHEHHE TEMIIEPATyPHhI
TEIUIOOTIAI0IIEH IOBEPXHOCTH CTEHKH KakK II0 AJIMHE KaHaja, TaKk U B 3aBUCUMO-
CTH OT IJIOTHOCTH TEIUIOBOTO MOTOKa. [Ipu 3TOM OOHapy>keHBI OTACIBbHBIC pe-
KHUMBI TETUIOOTAA4YH, XapaKTepHbIE UIA CBEpXKpUTHUecKoi obiactu. Ha ocHo-
BAaHUM NPOBEJCHHBIX HCCICIOBAHUI IPEIUIOKEHB! YPAaBHEHHUS, MO3BOJIIIOLINE
OLICHUTh MHTCHCUBHOCTbH Tem1oo00MeHa AJig ciiy4das B3aUMHON ITPOTHUBOIIOJIOXK-
HOCTH HaHpaBHeHI/Iﬁ €CTCCTBCHHOT'O U BBIHYXKIACHHOT'O IIBI/I)KCHI/IFI.

OBO3HAYEHMUA

¢, — u300apHas TemoeMKkocTh, KJLx/(kr - K); d — BHyTpennuii muametp TpyOsl, MM; Gr — KpH-
tepwuii ['pacroda; g — yckopeHre cBOOOIHOTO MaAeHHs, M/c%; Nu — kputepuit Hyccenbra; p — naB-
nenue, MlIla; Pr — xpurepuit Ilpanars; p,, — kputudeckoe papnenne, Mlla; ¢ — miortnocts Tem-
JIOBOTO MOTOKa, Br/M%; Re — kpuTepuit Pelinonbca; 1, — Temneparypa xumkoctd, °C; £ — Tem-

nepaTypa JKUAKOCTH Ha Bxoje, °C; f, — TeMIiepaTypa BHyTPEHHEH MOBepXHOCTH cTeHkH, °C; 1, —
TICeBIOKpUTHYIECKas TeMnepaTypa, °C; W — cpenHsist CKOpOCTb JKUAKOCTH, M/C; X — PaCCTOSHHE OT
BXOJa TPYOBI, MM; o — Ko3(guument Temmooraadn, Br/(m*-C); 1 — JMHAMHYECKas BS3KOCTB,
H-c/m% p — IUIOTHOCTH, Kr/m’; pW — MaccoBast CKOPOCTb, kr/(m? - ¢).

WHpekcsl: BX — BXOI; K — JKUAKOCTB; XK(X) — 3HAYCHHE KPUTCPHEB OMPEACISCTCS IO MECTHO-
My 3HAYCHHIO TEeMIEPaTypbl JKUIKOCTH; Kp — KpuTHdyeckoe; 0 — M30TepMHYECKOe TeYEeHHE; C —
CTEHKa; C(x) — 3HAUCHNE KPUTEPHEB OIpPe/e/sIeTCs 0 MECTHOMY 3HaYCHHIO TEMIIEPATyphl CTCHKH;
3 — 3KCIEPUMEHT; d — B KA4eCTBE OIMPEAEIIONIEr0 pa3Mepa IPHHAT JHAMETP TPYObL; m — IICEBI0-
KPUTHYECKOE.
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K IIOCTPOEHHIO PACXOJHBIX XAPAKTEPUCTHUK I'2C
U UX ONIEPATUBHOI KOPPEKIIUH

HWnx. HACUBOB B. X.

A3HHUU snepeemuxu u 3Hepeonpoekmuposanis

Kak n3BecTHO, U1 yripaBiaeHUs. PEKUMOM PabOThl SHEPTOCUCTEMBI, ONITHMU-
3alUM KPaTKOCPOYHBIX PEKUMOB U OMNEPATUBHON WX JOONTHMHU3ALMH HE00XO-
IVMbl aHAJINTHUYECKHE pacxoiHble xapakrepuctuku (PX) m xapakrepuctuxu
oTHocUTeNbHBIX npupoctoB (XOII) pacxoma snepronocurens. [ns arperatoB
I'SC oHHM cTposITCS Ha OCHOBE MMEIOLIMXCS TPAQHUKOB pacX0JHO-HAMIOPHBIX Xa-
PaKTEPHUCTUK, MPEICTABICHHBIX 3aBOJOM-U3FOTOBUTEIEM WM IOIYYCHHBIX B
pe3yJsbTaTe CHEUaIbHBIX ONBITOB.

PaccmaTtpuBaeM MeTONMKY aHAJIUTHYECKOTO MOCTPOEHUS PACXOJHBIX Xapak-
tepuctuk O = f(H, P) u XapaKTepuCTUK OTHOCHTEILHOTO mpupocrta g = f{H, P)
st 'OC. Ananu3 rpaduKoOB MOKa3bIBaeT, YTO HANOPHO-PACXOAHBIE TpauKH
npeacTaBisaoT coboit 3aBucumoctu Q = f(H) pu pa3nTUUHBIX MOIIHOCTSIX arpe-
rara P, moaaepKuBacMbIX NOCTOSIHHBIMU. J{71s1 OITydeHNs] aHATUTHIECKOTO BbI-
paKeHHS HEOOXOOUMO sl KaXXIOTo 3HA4YeHUs P anmpoKCUMMHpOBAThH 3aBHCHU-
MocTh Q = f{H), HO B 3TOM cily4ae moiy4aercst koo 30 pa3IH4YHbIX ypaBHEHUH
TOJIBKO JUI OZHOTO arperara, 1 04eHb TPYJHO HCIOJIB30BaTh UX B MpoLEcce A0-
ONTUMHU3ALUN pexumMa. [ yMEHBIIEHNs YHcia allpOKCHMUPYIOLNX ypaBHe-
Huit 3aBucumoctert Q = f(H, P) u g = f(H, P) MOXHO HCIIONB30BaTh METO (pak-
TOPHOTO TUIAHHUPOBAHMS SKCIIEPHUMEHTA C aNlpOKCUMAalHel JaHHBIX 3aBHCHMO-
CTell JMHEHHON MM KBaIpaTUYHOW MOJENSIMH B COOTBETCTBUHU C TpeOyemoit
TOYHOCTBIO. JJIs JIMHEHHOW MOJIEIM pacxo/iHas XapaKTepUCTUKAa MOXKET arl-
MPOKCUMHUPOBAThCS OMIMHEHHON XapaKTepUCTUKON BUIA
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