aHaMTMYECKOe WCCnefoBaHMe KOTOPOW [OCTaTOYMHO CMOXHO. C nomoulbo 3BM
OblNN onpeAeneHbl PaiioHbl C HAMBONBLUMMWU U HaMMEHbLUVMMW 3HeprosarpaTamu
Jrax = 25000 kOx/kr CC2npn Xj = —1; X2 =-1; X3 =1, x4 = 1, a Takke
3min = 1900 KOXK KM CC2npn Xj =-0,8; x2=1; X3=-0,1; x4=- 1

Kpome TOro, AaHHas MOBEPXHOCTb WMMEET BTOPO paiioH MUHUMabHbIX
3HeprosaTtpat 3min = 2000 kI >x/kr C02 npn Xj =0; x2=1; X3=0; x4 =0,
KOTOPbIA NpeAcTaBnseT HanboNbLIKIA UHTEPEC, TaK KaK OTBEYAeT 3HAUYNTENbHbIM
BEMIMYMHAM MOJTHOThI JecopoLmn.

LanbHeiiana npoBepKa HalgeHHbIX 3aBUCMMOCTE BbIMOMHEHA C MOMOLLbIO
3KCneprMMeHTa B palioHax ¢ HaMBoMbLWIMM N HaMMEHbLUUM 3Ha4YeHWeM NOBEPXHOC-
Teli OTKNMKA, a TaKXKe psga NpPoMeXyTouHbIX Toyek (Bcero 71 Touka). Bo Bcex
CNyyasnX pPacxoXAeHWe OMbITHLIX AAHHbIX W PacYeTHbIX 3HAYEHWIA He NPeBbILLAN0
9% no BenuMuMHe 3HeprosaTpaT U 5% OT 3HaYeHUS MOMHOTbI AecopoLuN.

ToT haKT, YTO HaMMeHbLUas Be/MYMHA 3HEPro3aTpaT U HamboNbLINIA BbIXO[,
afcopbMpoBaHHOro NpoaykKTa MMeKT MECTO MPW pasHbIX 3HaYeHMsX HakTOpOB,
roBOPMT O TOM, YTO 3afaya ONTUMMK3ALMM NpoLecca TeNI0BOW Aecopounn B faH-
HOM Cfyyae A0/KHa pellaTbcs Kak KOMMPOMUCCHAS.

NintepaTtypa

1. WectakoB BM,AcTtaxoB BA, 1ykuH B.A VccnegosaHue
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B.C. CeBepsiHuH, M.N.Bepba

KOHBEKTVIBHbI TEM/IOOBMEH B YCTPOMCTBAX
MYNbCUPYHOLLEIO MOPEHNA

Kamepbl nynbcupytoulero ropeHmsi (KM) xapakTepusykoTcsi UHTEHCUBHBIM
Tennoo6bmMeHOM. Peann3oBaTb TENMOCHEM HEMOCPEACTBEHHO M3 MOTOKA B CaMOi
KNI npu nomouwm, HanpumMep, TpybuaTbix NOBEpXHOCTei HarpeBa [1], a Takxe
OLEHUTbL HafeXHOCTb paboTbl MaTepuana KMI n Tennoo6MeHHMKa TpebyroT Mno-
[pobHee paccMOTpeTb XapakTep TennoobmeHa BHyTpu KIIT , ero abconoTHbIE 1
OTHOCUTE/IbHbIE MapameTpbl.

VccnegosaHue Benocb Ha KM rapMOHMYECKOro TWMa C a3poavHaMUYecKn-
My KnanaHamu. CnegyeT 3aMeTWTb, YTO YCTPONCTBO paboTano 6e3 TArogyTbe-
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BbIX MalUWH, B TaK Ha3biBaeMOM pexxume camoBcaca. Tennosas MowHocTb KT
coctasnana ot 200 go 500 kBT. Pasmepbl KMT: gnuHa 2,2 m, gnametp 100 MM.
Cxema yCTpOWCTBa M M3MepeHniA nokasaHa Ha puc. 1. Tonameo (ConspoBoe mac-
no) copcyHkoi 1nogaBanocb B Kamepy BOCM/aMeHEHUa 2, BO34yX 3acacblBai-
CA a3pOAMHAMUYECKMMUN KflanaHamu 3, TOMOYHble rasbl fanee ABUTanCb Mo pe-
30HaHCHOW Tpybe 4 Ha Bbixnon. Yepes wrtyuepsl B KM BBoguamcs, Tepmonapsbl 5
™mna XA n HK-CA ¢ OTKpbITbIM ropsyuM cnaem (4ns onpefeneHns Temnepaty-
pbl rasa) ¥ 3a4yekaHeHHble B CreuuanbHble LUAMHAPUYecKmMe obpasubl 4ns onpe-
JeneHns KoahmumeHTa Tenao0Thaun HecTauMoHapHbIM MeTo40M. C OTKPbLITOrO
Topua KM BBOAMNACL NOABWXHASA Tepmonapa 6 ¢ 3KpaHWPOBaHHbLIM FOPAYUM
cnaeM. BHyTpy KM ycTaHaBAMBanuch Takxe Tpybyatble kanopumeTpbl 8 (Tpy-
6a no ocu KIMI) u 7 (cnupanbHas Tpyba) 0AUHAKOBOW aKTUBHON AAuHbI. Uepes
3TN KanopuMeTpbl MponycKanacb BoAa, M3MepsAnach ee Temneparypa Ao v nocne
Harpesa ¥ pacxog,.

Puic. 2. PacnipeseneHve Temne- Puc. 3. JIoKa/IbHbI a BHYTpU
paTyp rasa no TpakTy KMr: KMr:
pacxop tonnmea 1 —21,6 kr/u; 2 — yron mexpgy ocsamu o6pasyos n KMT;
31,8; 3-36; 4- 43,5; 5- 49,3 kr/u. 1- ¢ =0° 2- 30° 3- 45°; 4 -

60°; 5—90°; B —OTHOCUTENbHbIN pac-
X04 TON/AuBa.

TemnepaTypa rasa no ocv KIIr nokasaHa Ha puc. 2. 3gecb 1—oTHOLWeHWe
paccTosHMA OT (DOPCYHKW [0 TOYKM 3amepa K gnnHe KM, 3TW gaHHble rOBOPAT
0 cregytolem: 06Wuii TemMnepaTypHbIii  YPOBEHb 3HAYUTEIbHO HUXKE, YEM B YCT-
poiicTBax CO CTaLMOHapHbIM FOPEHWEM; MNPU ManbiX TEMNA0BbIX Harpyskax Tem-
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nepatypa rasa GbICTPO CHMXXaeTCA cpa3y nocfe KaMepbl BOCMJaMeHeHus, npu
YMEPEHHbIX —CHUXaeTcA NOCTEMEHHO, NOYTU NIMHENHO, NPKU Meperpyskax —Ha-
6ntofaeTca pocT TeMnepaTypbl B Pe30HaHCHON Tpy6e.

KoathpuumneHT TennooTaaum a mexay rasoBbiM MOTOKOM BHyTpu KM n
uMnuHApom (aHanorom Tpy6yaToli NOBEPXHOCTU HarpeBa) OMNpefensercs Cra-
LMOHapHbIM (KanopuMeTpbl) W HecTauMoHapHbIM MeTojamu (permcrpauus me-
HAKOLLENCA TeMmepaTypbl LMANHAPUYECKOro obpasua) [2]. 3Ta peructpaums se-
Nacb TepMonapamu, 3ayekaHeHHbIMU B 06pasel}. B HecTauMoHapHOM MeTofe on-
pefensnocb BPEMSA MexAy 3aUKCMpOBaHHbIMKU TemnepaTypamu obpasua. Tak
KaK B KayecTBe 006pa3sLOB MCNONb30BAIUCh MeTanMyeckue UMANHAPLI (CTasb,
natyHb, Mefb), Kputepuid Bi < 0,01, noaToMy Temnepatypa obpasua npakTuyec-
KW ofuHakoBa Mo Bcel ero macce. CornacHo [3], 3Haf BeIMUUHY KpuTepus
dypbe Fo 1 TemnepaTypHbIii NapaMeTp B , MOXHO Mo 3aBucmumoctu Fo = f (Bie )
BbIYNC/INTL a,PacyeT a. Befca NyTeM MHTErpMpoBaHNA YpaBHEHUA TennoBoro 6a-
NaHca ans o6pasua. lMorpelwHocTb akcnepMMeHTa nopagka 10% u faHHble Mo
BCEM MeTOAaM HaxoAsTca B npefenax 3aTtoro pasbpoca, No3TOMy B rpadukax
(puc. 2, kpuBble 2, 3, 4, 5) 3TOT METOZA He YyUMTbIBaCH.

Ha puc. 3 nokasaHo 3HaveHue KO3(huMLmMeHTa TenaooThaum Mexay noToKom
rasa B Tpakte KNI v unanHgpuyeckum obpasyom (3aecb ero guametp 8 mm,
AnvHa 80 MM) npu pasHbiX OTHOCMTeNbHbIX Harpyskax KM b (b = B/BQ BQ-
HOMWHaNbHbIA pacxof Tonamea, 40 Kr/4) v pasnunyHbIX yrnax o6TekaHus <p ans
pacrnonoxeHus o6pasya Ha 1/3 anuHbl KM ot Bbixnona. (PacnpegeneHue a K
cteHke KM no gnvHe gaHo B [2]. Hawwm gaHHble B OCHOBHOM COBMafatoT C
YKa3aHHbIMU M MO03TOMY 3fecb He npuBoasaTca.) OcpedHeHHas CKOpOCTb rasa
onpefensnacb pacyeTom NpPoAyKTOB CropaHusi CONPOBOro macna npu 3afaHHoOM
KO3ppmumeHTe n36bITKa BO3gyxa, paBHom 1,05—1,1.

O6paboTka NoMy4YeHHbIX 3KCMEPUMEHTANIbHBIX AaHHbIX MPUBOAUT K CReayto-
LLEMY BbIPXEHUIO: A

Nu=0,7Re Pr Cf.
Kputepun Hyccenbta (Nu), PeiiHonbaca (Re) v MpaHgna (Pr) onpefeneHol
Mo NOKanbHOM TemnepaTtype rasa u AnameTpy UUAnHApA. ITO BbIpaXKeHWe nony-
YeHo Ans guanasoHa 2,6 x 10" < Re < 6,5-10
KoathdhmumeHT £ yumTbiBaeT pacrnonoxeHne vuamHapa BHyTpu KM no
Yray — Mexay 0CAMu:

000

* ... 90° 60° 45° E 0°

65 1 0,94 0,81 0,64 0,53

AmMNnnTyaa KonebaHnin faeBneHns rasa B onbiTax coctaBuna 2000 -3000 Ma
(oaBneHne u3MepeHO KOMMEHCALWMOHHbIM CrMoco60oM, Korja CconocTaB/seTcs
MaKCUMasibHOe MepeMeHHOe W MOCTOSAHHOEe 3TafloHHOe fasneHue) [4]. Torpa
aKyCTU4Yeckoe CMelleHVe rasa Ha Bbixnone KIIT, paccumtaHHOe No M3BECTHOWA 3a-
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BUCUMOCTU AN AaBfNEHUS U aKyCTUYeCKOro conpoTueneHus, coctasut 0,02—
0,1 m. Mo TpakTy nccnefoBaHHblix Hamu KT yknagbiBanacb YeTBEPTb aKyCTu-
UECKOIi BOJMIHbI, T.e. BE/IMYMHA CMELLEHNS MAKCUMaibHa Y BbIX/IOMNA M MO CUHY-
couge y6blBaeT B CTOPOHY a3poAuHaMuUyecKux KnanaHoB. CrefoBaTeslbHO,
ocpefHeHHas (cpeAHepacxofHas) CKOPOCTb ra3oB HaMHOro 60/blle CKOPOCTU
aKyCTMYecKux cmeweHnii (B onbitax 60—180 m/c npotme 1—10 m/c),nostomy
NMOTOK BecbMa 6/IM30K K CTauMOHapHOMY C NPOAO/bHbIMW MyNbCaLUUAMK, paBs-
HbIMW MOYTU HY/O B Havane TpakTa. MMonyyeHHOe HaMu BblpaXKeHWe aHa/IoMMyHo
n3BeCTHbIM [3]. OHO OT/MYaeTCs BbICOKMMU 3HAYEHUAMWU MOCTOSAHHOIO KO3g-
(hMUMeHTa U MeHbLIUMK MOoKasaTensiMu CTeneHn Ana uyucna Re. MOXHO 3aknto-
YT, YTO KOIPHUUMEHT TennooTgaumn B nccnegosaHuax KM npumepHo Ha 40-
50% BbiLle, YeM B 0ObIYHOM CTaLMOHApPHOM NOTOKE.

Hamu n3yueH Takxe Ten1006MeH B LLLeIEBOM Ten1006MeHHUKe, NPUMbIKato-
LeM HenocpeAcTBeHHO K Bbixnony K. SkcnepyMeHTanbHbIA TENN00O6MEHHUK
npeactaensn coboii Habop nnockux anemeHToB 200 x 200 MM ¢ 3a30pomM 3 MM.
Mpn 3aTom mMMmenocb 3 KaHana Ans nNpoxoja rasa, 4 kaHana Ans sogbl. N3meps-
NNCb pacxof v TemnepaTtypa BOAbl, TemnepaTypa rasa u CTeHOK, a TaKkxe ocpej-
HEHHas CKOpOCTb rasa, aKyCTMYeCKMe XapaKTepUCTUKU ra3oBoro notoka 6biam
Temu xe. Cxema [BUKEHWSA TENIOHOCUTeNel —epeKpPecTHbI TOK.

[na naMmHapHOro pexuma TeyeHWs rasoB TennoobMeH XapakTepusyeTtcs
CnefytoLLeii 3aBUCMMOCTLIO :

05 04
Nu =0,4Re Pr

Ansa TypbyneHTHOro pexuma npu 6000 < Re < 120000:

0,8 0,
Nu =0,028Re  Pr
B KayecTBe onpeenstomx napaMmeTpoB B NOCNEAHUX YPABHEHUAX NPUHATHI
CpeaHsst Temnepatypa rasa U 3KBUBaNEHTHbIA AuameTp LWenu Tennoo06MeHHUKa.
B namuHapHoin 06n1actu nynbcaumm ckopocTtu rasa ot KMl B wenesbIx Temn-
NO06MEHHMKaX MHTeHCMpUUMPYOT TennoobmeH Ha 100—300%, B TypOYyneHTHOWA
o6nact —Ha 20—30% No CpaBHEHUIO C TeNA00TAaYeli B CTaLMOHAPHOM MOTOKe.
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CeBepsHUH B.C,Bep6a MW KoHBEKTUBHbI Tenn1006MeH B YCTPOIA-
CTBax My/IbCUPYIOLLLEr0 ropeHuns. "HayuHble 1 NnpuknagHble NPo6/ieMbl 3HEPreTu-
Kn”' 1980, BbIN. 7, ¢. 58—61.

B pesynbTaTe MpoBeAeHHbIX 3KCMEPUMEHTa/IbHBIX NCCNeA0BaHNA BHELUHErO
06TeKaHNs NyNbCUPYIOLUM Fa3oBbiM MNOTOKOM Ten LUANHAPUYECKOW (DopMbl 1
Nnpu TeYeHUW B MJIOCKOM KaHane Mosly4yeHo, YTO MHTEHCUBHOCTb Tenso006meHa
npu NammMHapPHOM TEYEHUN MOXXeT B HECKOJIbKO pa3 MpeBbIllaTh ee 3HayeHue 414
CTaumMoHapHOro roToka, a npu TypbyneHTHom — Ha 20..25%. — Wn. 3.
Bubnwuorp. 4.



