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SKCMEPUMEHTAJbHbIE MCCNEAOBAHUSA BCKPbITUSA TEYEM
B CBAPHOM LLUBE 3AMKHYTOMU EMKOCTM INMPU TEMJIOBOM
U AKYCTUHECKOM BO3AENCTBUA

U. FO. JlecHsk

OMCKHI rocyaapCTBEHHbIN TEXHUUYECKMI YHUBEPCUTET,
Poccusi, 644050, r. Omck, np. Mupa, 11

[ns npoBefeHMsl 3KCNePUMEHTalNbHbIX MCCNEefOBAHMI MPOLLEeCCa OCYLUKM 3aMKHYTOM EMKOCTM C YY4ETOM
BCKPbITMS KaHana Te4YM B CBAPHOM LUBE CMPOEKTUPOBaHbl M M3rOTOBJNIEHbI IKCNEPUMEHTaNbHbIN McChe-
[OBaTeNbCKMM CTEHA, 3KCMEePMMEHTaNbHasi EMKOCTb M 3KCMEePMMEHTalNlbHble 06pasLbl C MOAENbHbIMM
Te4YaMu pasHoro pasmepa. ChopMmynMpoBaHa Hay4Has NpobGnema 3KCNePUMEHTAsNIbHbIX MCCeAOBaHMH,
paspaboTaHbl NporpaMma M MeTOAMKM NpoBeAeHMs 3KcnepruMeHToB. CchopMHpoBaHbl TpeboBaHus
K METPOJIOrMyecKoMy o60pyAOBaHMIO M onpefeneHa NorpPewwHoCTb 3MEPEHMH TeMNepaTypbl, BAAXK-
HOCTH 1 AaBneHus. MpoeefeHbl NpeABapHTENbHbIE IKCNEPUMEHTbI MO CMAYMBAHMIO IKCNEPUMEHTASTIBHOM
€MKOCTH M IKCNEPUMMEHTaNbHbIX OOPa3sLLOB MOAENbHOM YMAKOCTLIO M 3aKYMOPMBAHMIO KAHAMNOB TEYM,
a TaK)Ke Mo OCyLIKe BHYTPEHHeH NOBEPXHOCTM CTEHKM IKCMEePMMEHTaNbHOM EMKOCTM KOHBEKTMBHbIM
NOTOKOM ra3a M KOHAYKTMBHbIM HarPeBOM CTEHKM JO MOMEHTa BCKPbITHSI 3aKYNOPEHHbIX YMAKOCTbIO
KaHanoB Teuu. MonyyeHbl 3aBUCMMOCTM M3MEHEHHUS] TeMNEePaTypPbl }MAKOCTH, BO3[yXa, CTEHKM 3KCNe-
PUMMEHTaNbHOM EMKOCTH, 3KCNePUMEHTanbHbIX 0OpPasLOB M faBNeHUS B 3KCNEePUMEHTaNnbHON €MKOCTH
No BPeMEeHM NPOBEfEHMS 3KCMEPMMEHTA NMPM CMAuYMBAHMM M OCYLUKE 3KCMEePMMEHTANIbHOM EMKOCTH
M 3KCNepMMeHTanbHbix ob6pasuoB. OnpefgeneHbl NapaMeTpbl TEMNIOBOro BO3JEMCTBUS, NMPU KOTOPbIX
NPOMCXOAMT BCKPbITME KaHANIOB TEYM 3a YCTAHOBJIEHHOE BPEMSI.

KnioueBble cnoBa: KaHan TeuM, OCylUKa EMKOCTH, SKCNEePHUMEHT, YIibTPa3BYK, NMOHMKEHHOEe [faBleHue,

Kanunnsip.

BrepeHue

[Tpu umsroroBreHHM O0aKOB pakeT-HOocuTeaei (PH)
C JKMAKOCTHBIMU PaKeTHBIMU ABUTATEAIMU DPsAA TeX-
HOAOTMYECKUX OIlepallui IIpeAlloAaraeT 3allOAHeHUe
BHyTpeHHero oobema 6aka PH pabouell TexHUuecKon
SKUAKOCTBIO, HAIpUMeDP, BOAOM, BOAHBIMH pPacTBOpPaA-
MU HUAM OPraHUYEeCKUMHU PacTBOPUTeAaMU. B cooTset-
creun ¢ OCT 92-0019-78 «MeTOABI ¥ PEeRKUMBI CYIII-
KA U3AEAUN Ilepep UCHBITAHUSIMU Ha TepPMEeTUYHOCTB»
[1] x TaKUM TeXHOAOTMYECKUM OIlepalusaM OTHOCSATCS:
TUAPaBAMUECKUE MCIBITAHUS, MOMKA, TapUPOBKQ, IIPO-
AUB, XUMHYecKass oOpaboTKa U Ap. YAQA€HHUE >KHUAKO-
CTH C HApy’KHONM M BHYTPeHHeHN IOBEPXHOCTH Oaka
PH u 13 TpyAHOAOCTYIIHEIX MECT IIepep, UCIBITaHUSMU
Ha TepMeTUYHOCTh PeKOMEHAYeTCsl OCYIIeCTBAATH IIy-
TeM NPOTUPKU CyXUMU cardeTKaMu, IPOAYBKOM CyXuUM
BO3AyxoM U ocymkod. Ocyimika 6aka PH B coorBet-
cTBHUH C [1] C IIeAbIO YAQACHHS BAQTH U3 KaHAAOB Teuel
(KanIUAAAPOB), KOTOPBIE MOI'YT HaXOAUTHCS B CBAPHBIX
IIBaX, OCYIIECTBASIOT PA3AMYHBIMM METOAAMU, HaAIlpU-
Mep, KOHBEKTHUBHBIM, TeMIIepaTypHBIM, TeMIlepaTyp-
HO-BaKyyMHBIM, HMH(MPaKpacHbIM U KOMOMHHPOBAH-
HBIM. [Ipy 5TOM HPOAOAKUTEABHOCTH OCYILIKH OaKOB
PH opHMM 13 IepeYMCAEHHBIX BbIIIE METOAOB 3aBUCHUT
oT Tuna 60aka PH, TOAIIMHEI CTEHKU (YCAOBHOM AAWHBI
KaHana TedH), AAUTEABHOCTH KOHTAKTa C JKUAKOCTBIO
NIpY CMAUYUBAHUM U TeMIepaTyphl Harpesa.

[ToCKOABKY NPOAOAKUTEABHOCTE OCYIIKU 6akoB PH
B YCAOBMSIX BBICOKHX TeMIlepaTyp OrpaHUuYeHa M3-3a
BAUSHUA Ha IIPOYHOCTHBIE XapaKTEPUCTHUKHU OCYyIla-
eMOro Marepuaasa [2], TO HCIOAB3YIOTCSH pPa3AUYHBIE
TeMIlepaTypHble pe’KUMBlI OCYIIKU Oaka PH, KoTopble

BKAIOYAIOT B ce0Os BpeMs OCYIIKM NPU IOBBIIIEHHON
TeMIlepaType U AOIOAHMTEABHOe BpeMs OCYIIKU IIpU
IIOHM)KeHHOU TeMIlepaType. Hampumep, obiuiee BpeMs
OCYILIKU C YCAOBHOM AAVHOMW KaHaAd Tedr 3 MM COCTaB-
Ader 26,1 yaca, n3 KOTOpHIX 1,5 yaca — Bpems OCylI-
KM IIpM IIOBBIIIEHHOW TeMmeparype 85 °C, 24,6 ua-
ca — AOINOAHUTEABHOe BpeMs OCYUIKU IIpU TeMIlepa-
Type 20 °C [1].

OpHUM 13 (PaKTOPOB, BAUSIONIUM Ha BpeMsi OCYIIIKH,
SIBASIETCSI BpeMsI BCKPBITHS KaHanAa TedH, 3allOAHEHHO-
TO >KMAKOCTBIO. BOIIpoC O MOBEAEHUU HCHIapSIONIencs
SKUAKOCTH BHYTPHU KaHand Teud (KAlIUAAGIpA) SIBASIETCS
AKTHUBHOI OOAACTBIO MCCAEAOBAHUM, IMOCKOABKY 4acTO
BCTpeyYaeTcsl IPU pacCMOTPeHUU (PyHKINOHUPOBAHUS
TEIIAOBBIX TPYOOK [3, 4], cUCTeM OXAaKAEHUS SAEKTPO-
HUKHU [5], cucTeM mopaumW TONAWBaA [6], medaTaroIux
YCTPOUCTB [7] U T.A.

[Npoumecc ABWIKeHUS UM HCIAPEHUS JKUAKOCTH
B KaIlUAASIpe 3KCIIepUMEeHTAaAbBHO HMCCAEAOBaH B pabo-
Te [3]. PaccmarpuBaeTcs deTblpe BapHaHTa TeUeHUS
SKUAKOCTU B KaIUAASIpPe: KOAbIleBOe, HarHeTaTeAbHOe,
CHApsIAHOE, Iy3bIpbKoBOe. 7KuaKas mpoOKa BBITAAKHU-
BaeTCs U3 AAMHHOIO CYXOTO CTEKASHHOTO KallMAASpPa
B HaIPaBAEHUU BBIXOAHOTO OTBEPCTHUS IIOA AEWCTBHU-
eM HarHeTaeMOro BO3AyXa C OAHOW CTOPOHBI, & C APY-
TOM CTOPOHBI BEIXOAHOE OTBepcTue B aTMocdepy. [1pu
3TOM OCYILeCTBASETCSI HarPeB OTAEABHOTO ydacTKa Ka-
MHUAASIPE, YTO IPUBOAUT K YBEAWUEHUIO CKOPOCTHU HC-
napeHus o0pa3oBaBLIENCI IACHKU KUAKOCTH.

B paborte [8] pa3paboTaHa MaTeMaTH4eCKasl MOAEAb
HUCcIapeHus NPOOKU KUAKOCTH NPU KAIUAAIPHOM Te-
YeHUU MeXKAy BePTHUKAAbHBIMU ITapaAAEAbHBIMU IIAQ-
ctuHamu. MccaepOBaHO BAUSHUE PACCTOSHUS MESKAY
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Puc. 1. [IpuHIUNMaAbHasl cXeMa SKCIepHIMEeHTaAbHOTO HCCAeAOBaTeAbCKoro cTteHpa: 1 — OE ¢ daanmem; 2 — 30 c I'T;
3 — narpeBareasb DO (nH(ppaKpacHas AaMma); 4 — AeHTOUHBI HarpeBaTeAb CTeHKH JF; 5 — BakyyMHasi KaMepa;
6, 7 — marucrparu BaKyyMHOHM OTKa4KH; 8 — €MKOCTh C KOHTPOABHOM reANeBOH Te4blo; 9 — IyNl reAneBOro TedyenCKaTeAs;
10 — crneKTpaabHO-MaCCOBBII TeyencKaTeAb; 11 — mpeoGpa3oBaTeAb TEPMOIAEKTPUYECKHUIT;
12 — npe3oKepaMHYECKHIl aKyCTHYECKHIl U3AydaTeab; 13 — aKycTuyeckuit m3nydyareab I'aprMmaHa;
14 — axkycruyeckuii reHeparop; 15 — Kommnpeccop; 16 — ¢puapTp; 17 — BAAroMacAOOTAEAUTEAD;
18 — HarpeBaTeAb C IPONOPIUOHAABHO-UHTETPaAbHO-AM(depeHnarbHBIM peryaAsTopoM; 19—27 — 3anmopHbI KAalaH;

29 — mTynep AAS HOAKAIOYeHHs1 DO € reAneBOi Teublo K BaKyyMHOI KaMepe yepe3 TPyOOIPOBOA MaruCTpaAn BaKyyMHOM
oTKauyky; 30 — EMKOCTh C TEXHUYECKOM JKUAKOCTHIO; 31 — BXOAHOI MaTrpyooK B IF; 32 — BBIXOAHOI naTpyooK AAS CAUBa
TEXHUYECKON JKUAKOCTH; 33 — GAAAOH C BO3AYLIHO-TEAUEBOM CMEChIO; 34 — PEeryAsiTop reAneBslil (PeAYKTOp);

35 — AATYMK AaBAeHHd (MaHOMeTp); 36 — BBIXOAHOI MATPYGOK AASI BBIXOAQ rasa u3 JF;

37, 38 — aAaTuMK TemmepaTypsl (TepMoconpoTuBAeHHe); 39 — IpeAOXpaHUTEAbHBIN KAanal; 40 — ocuuanrorpad;

41 — AQTYUK TOYKH POCHI (rurpomerp); 42 — BaKyyMHBIIl Hacoc; 43 — BaKyyMMmerp; 44 — aHaAoro-uu@poBoi npeodpa3oBaTeAb;
45 — mepCcoHaABHBIA KOMNbIOTEP; 46 — M3MepUTEAb-PEryAsITOp MHUKPOIIPOLIECCOPHBIN; 47 — >KUAKOCTHBIA HacCoC;

48 — pacxopomep; 28, 49 — BeHTHUAB
Fig. 1. Schematic diagram of the experimental research stand: 1 — EC with a flange; 2 — ES with helium leak (HL);

3 — ES heater (infrared lamp); 4 — tape wall heater EC; 5 — vacuum chamber; 6, 7 — vacuum pumping lines;

8 — container with control helium leak; 9 — helium leak detector probe; 10 — spectral-mass leak detector;

11 — thermoelectric converter; 12 — piezoceramic acoustic emitter; 13 — Hartmann acoustic emitter; 14 — acoustic generator;
15 — compressor; 16 — filter; 17 — moisture-oil separator; 18 — heater with proportional-integral-differential controller;
19—27 — shut-off valve; 29 — fitting for connecting ES with a helium leak to the vacuum chamber through the pipeline of the
vacuum pumping line; 30 — container with technical liquid; 31 — inlet pipe to the EC;

32 — outlet pipe for draining technical fluid; 33 — cylinder with an air-helium mixture; 34 — helium regulator (reducer);
35 — pressure sensor (pressure gauge); 36 — outlet pipe for the exit of gas from the EC;

37, 38 — temperature sensor (thermal resistance); 39 — safety valve; 40 — oscilloscope; 41 — dew point sensor (hygrometer);
42 — vacuum pump; 43 — vacuum gauge; 44 — analog-to-digital converter; 45 — personal computer;

46 — microprocessor meter-regulator; 47 — liquid pump; 48 — flow meter; 28, 49 — valve

NAACTHHAMU Ha KAMUAASIPHBIM IIOTOK M CKOPOCTHL HC-
TTapeHust JKUAKOCTH.

AAsT yMeHBIIEHUsI 3aTpaT BpPeMeHW U JHepTuu
Ha OCyIleCTBA€HHe IIpolecca ocymKu O0akos PH
C YY4eTOM BCKPBITHS KaHaAa TeYU IIepep UCILITaHUSIMU
Ha TepPMETUYHOCTb B YCAOBHSAX 3aBOAA-U3TOTOBUTEAS
HeOOXOAUMO IIPOBEAEHUE TEeOPETUUEeCKUX U IKCIepU-
MEHTAABHBIX MCCAEAOBAHUM IIPOIIECCOB TEIIAO- M Mac-
CcOOOMeHa, IMPOUCXOASIIINX B OKCIIEPUMEHTAABHON EM-
koctr (DE) Ipu BBeASHWM HOBEIX BHAOB BO3AEHCTBUS
Ha KUAKOCTH (@KyCTUYECKUHM M KOHAYKTUBHBIN), KOTO-
pBIX HeT B [1] ¥ MX KOMOWHAIMU C CYILIECTBYIOUIUMU
MeTopamu [1].

[TOCKOABKY CYIIECTBYIOIIHE METOABI OIIPEACACHUS
pa3Mepa KaHaha TeuYM OCHOBAHBI Ha IIPOIYCKAHWUU Te-
AUSI UAM BO3AYILIHO-TeAneBoM cMmecHu (20 % reaud, 80 %
BO3AyXa) depe3 KaHaa Teud [9], TO UCIOAB3yeTCs Tep-
MuH «reareBass Teub» (I'T). AomyckaeMoe 3HaueHHe
I'T [1]: mpu KOHTpoAe MeToAOM Imyma 2,66-107% Br
(2:10~* A'MKM'PT.CT/C); IPU KOHTPOAE METOAOM BaKyy-
MupoBanus — 6,65-1077 Br (51073 AMrMpT.CcT/C) [10].

Hayunaa npobaeMa 3KCIEPUMEHTAABHBIX UCCAEAO-
BAQHUU 3aKAIOYAETCS B OIPEAeAeHUU KOIP(DUIIUEeHTOB
TEeIAO- M MaccooTAauu mpu ocymke OF m BckpbiTum
I'T HeusBecTHOU (OPMBI, 3aIIOAHEHHOM >XUAKOCTBIO
IIPU Pa3AWYHBIX BUAAX BO3AEUCTBUSA (BaKyyMHOE, KOH-
BEeKTUBHOE, KOHAYKTUBHOE, aKyCTUUeCKOe M 3AeKTpO-
MarHUTHOE) KaK II0 OTAEABHOCTH, TaK U COBMECTHO.
HatiperHBIE KOO(D(UIIUMEHTH TENAO- U MAaCCOOTAQUU
IIO3BOAAT IIPOBECTM YHWCAEHHBIE OIeHKH IIpoliecca
ocymku OF u BckpriTus I'T, B TOM 4ncAe 3aTPaThl Bpe-
MeHU W SHepruu IIPU BBEAEHUU HOBBLIX BHAOB BO3AEU-
CTBUS Ha KUAKOCTb (aKyCTUYECKUU U KOHAYKTUBHBIN)
U UX KOMOMHAIIUY C CYIIeCTBYIOIMIMMU MeTopaMu [1].

1. ITocTaHOBKa 3apavu

LleAabio IpOBeAeHUsT 3KCIIEePUMEHTAABHBIX HMCCAEAO-
BAaHUU ABASETCS [IOAYYEHHE 3aBUCUMOCTEN IlapaMeTpOB
TIPOIEeCCOB TEIIAO- U MAcCOOOMEHa (TeMIlepaTypa, AaB-
A€HNe, BAAKHOCTB, AAATEABHOCTB IIPOIIECCOB) IO Bpe-
MEHU IIPOBEAECHUS 3KCIIEPUMEHTOB II0 BCKPBITHIO ['T.

™
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Tabauna 1. MeTpoarornyeckoe 060pyAOBaHUe, UCIIOAb3y€eMOe IIPU MPOBEAECHUH SKCIIEPUMEHTOB U MOTPENIHOCTh U3MePeHUn
Table 1. Metrological equipment used in experiments and measurement error

. TMorpentHocTs
Ne KoHTpoAupyeMsIit N AuranaszoH n3MepsieMbIX
CpeacTBa U3MepeHUH CPeACTB
n/n rnapaMeTp N TapamMeTpoB
U3MepeHuH
TepmonpeoGpa3oBaTeAb CONPOTUBACHUS
ATC105M-50M.0,5.80.11
TemmepaTypa rasa
Ha BXOAe M Ha BBIXOAE Wamepurers curaasa +05% 40—85 °C
uz DE ¢ TepMonpeoOpa3oBaTeAeli CONPOTUBACHHUS:
kpeut L-CARD LTR-EU-2-5-m ¢ moayaem LTR27
u cyomopyaem H-27T (ALIIT)
INpeo6pazoBaTeAb TEPMOIAEKTPUUECKUN
ATIIKO011-0,3/1,5
2 TeMnepaTypEa 20 +0,5% 20—85 °C
¥ CTeHKH 3 V3MepuUTeAb-PEryAsSTOp MUKPOIIPOLECCOPHBII
2TPM1-1111.Y2.PP.RS
M36bITOUHOE AaBAEHUE ITpeoOpa3oBaTeArb AABA€HUSI U3MEPUTEABHBIN N o _
3 | rasa (xuproctu) B OF AUWP-10H +02% 100300 TTa
OTHOCHTeABHAS TMopTaTUBHEIN U3MEPUTEAb OTHOCUTEABHOM
4 BASKHOCTE rasa B O BAAKHOCTH U TeMnepaTypsl VIBTM-7 H-03- +=0,2% 0,2—99 %
TC-2B (M16)
5 Bpemsa Tatimep KOMIIBIOTEPA = 0,015 ¢ AO MOMEHTa BCKPBITHS
Teuu
Ilpu BaKyyMHOM METOAE
CrneKTpaAbHO-MACCOBBIN TedencKaTeAb Pfeiffer IMorpemrnocTtb <5:10~" ITa M%/c
6 TloTok reaus
Vacuum ASM 340 He HOpMupYyeTcsi | [Ipu MeTope M3MepeHUs
mynom 5-107'° ITa M%/c

3apaum HKCIIePUMEHTAABHBIX MCCAEAOBAHMMN:

— PpazpaboTKa OCHOBHBIX TPeOOBaHUM AAST JKCIIE-
PUMEHTAABHOTO UCCAEAOBATEABCKOTO CTEHAA C YYeTOM
napaMmeTrpos ['T, cocTaBa MeTPOAOTHUECKOTO 0O0PYAO-
BaHUA U T.A.;

— Ppas3paboTKa IPOoTrpaMMBbI I METOAUK IIPOBEACHUST
9KCIIEPUMEHTOB;

— IPOBEAEHME ITPEABAPUTEABHBIX dKCIIEPUMEHTOB
AAST HACTPOUKM OOOPYAOBaHUsA U OTPAbOTKMU IpoIiecca
BCKpbITUA I'T;

— IIOAyYEeHHe 3aBUCUMOCTeN U3MeHeHHs IapaMe-
TPOB IIPOLIECCOB TEIIAO- U MAacCOOOMEHA (TeMIIeparypa,
AaBAEHUE, BAAJKHOCTB, AAUTEABHOCTU IIPOIECCOB) IIPHU
IPOBEACHUH KCIEepUMeHTOB 1o ocyinke OF 1 BCKpbI-
Tuto ['T.

2. KcrepuMeHTaABHBIN
HCCAEAOBATEeABCKUI CTEHA

[TpoBepeHME SKCIIEPUMEHTAABHBIX MCCAEAOBAHUU
NAGHUPYEeTCS B HECKOABKO 3TallOB C UCIOAB30BaHUEM
CAEAYIOIINX 5KCIIePUMEHTAABHBIX HMCCAEAOBATEABCKUX
creapoB ¢ OF B Buae:

— 3aMKHYTOTO ITMAMHAPA C YCTAaHOBAEHHBIM 3KC-
IIepUMEeHTAABHBIM 00pa3noM (D0) co CBapHBIM LIBOM,
umeromuM ['T ¢ pazmMepaMu, COOTBETCTBYIOIIMMHU pa3-
mepaM ['T B cBapHOM 1iBe 6aka PH;

— YyMeHBIIIEHHOro MakeTa 0aka PH, cospanHOro
C y4eTOM TeOPHU I0A0OUs, B CTEHKe KOTOPOTO HMMeeT-
cs1 cBapHou 1moB ¢ I'T;

— peanpHOro 6aka PH co cBapuemm mBom ¢ I'T.

OKCIIepUMEHTAABHBIM  UCCAEAOBATEABCKUU  CTEHA
MAST MOAEAWPOBaAHUS IIPOIIECCOB TEIIAO- U MaccooOMeHa
AOASKEH 00eCIIeynTh:

— BO3MOXXHOCTb CMauyWBaHUs BHYTpPeHHeW IIO-
BEPXHOCTH CTEHKU OF u 3anonnenus I'T;

— BO3MOJKHOCTBH TOAQYM PA3AUYHBIX BUAOB JHED-
UM K JKUAKOCTH, HaXOAAIIIeNCs Ha BHYTPeHHEN CTeHKe
OF u B I'T pu TeNAOBOM (KOHBEKTHUBHEIN, KOHAYKTHB-
HBIM, 5AeKTPOMArHUTHBIM), aKyCTHUUYeCKOM U BaKyyM-
HOM BO3AENCTBUSX;

— Haamume B KoHcTpyknuu OF csapnoro msa
c I'T, ycTaHOBAEHHOTO pa3Mepa, GOABIIIE AOITYCKaeMOTO
3"HaueHud [1];

— oIpepeAeHUe IlapaMeTPOB IIPOIIeCCOB TEeIAO-
U MaccooOMeHa II0 BPeMeHU IIPOBEAeHMSI 3KCIIepH-
MEHTOB (TeMIlepaTypa creHku OF u rasa B oObeme
OF; paBrenve B OF; oTHOCHTeAbHast BA@KHOCTHL rasa
B OF; pacxop reAusi MAM BO3AYIIHO-TEAHEBOM CMecH
yepes I'T).

B cooTBeTCTBUM C IIOCTAaBAEHHBIMU IIeAIMH, 3aAa-
yaMHu U TpeOOBAHUSIMM K IKCIIePUMEHTaABHOMY HC-
CAEAOBATEABCKOMY CTeHAY pa3paboTaHa ero IpHHIU-
nuaAbHasg cxema (puc. 1), B cocTaB KOTOPOM BXOAUT
060pyAOBaHME, IMTO3BOASIONIEE ITPOBOAUTHL HMCCAEAOBA-
HHS TPOIIECCOB TEIAO- U MaccOoOOMeHa IPH OCYIIKe
OF u BckpeiTuu I'T B yCAOBHSIX MHOTO(DAKTOPHOTO BO3-
AEMCTBUS:

d) aKyCTH4YeCcKoe (Ibe30KepaMHUYEeCKUM aKyCTuue-
CKUM U3AyYaTeAb (12); akycTUuecKuM u3AydaTeAb lap-
T™aHa (13));

0) TelAOBoOe:

— KOHBEKTHBHOe (KoMipeccop (15), HarpeBaTeAb
C  HIPOIOPIMOHAABHO-UHTErparbHO-AU((epeHnasb-
HBIM peryagaropoMm (18));

— KOHAYKTHUBHOE (A€HTOYHBIM HarpeBaTeAb CTEH-
ku OF (4));

— 3AeKTpOMar"HuTHoe (MH@pakpacHad Aamma (3));

B) BaKyyMHOe (BaKyyMHas Kamepa (5), BaKyyMHBIN
Hacoc (42)).

MeTtpoaoruueckoe o00pyAOBaHUE BBIOPAHO U3 yC-
AOBHSI OIPEAEAEHUSI ITapaMeTPOB HMCCAEAYEMOTO IIPO-
Ilecca (TemIeparypbl y9aCTHHUKOB TEIIAOOOMEHa, AaB-
AeHUe Ta3a, OTHOCUTEABHAs BAA@KHOCTB Ta3a, IOTOK
reAusi), HeOOXOAMMBIX AAS pacueTa KO3(pPUIIMEHTOB
TENAO- U MaccooTpauu [11] u HMOATBep>KAeHUST (haKTa
BCKpbITUA ['T.

B Taba. 1 npuBepAeHO METPOAOTHUECKOEe 000OPYAOBaA-
HHe, UCIOAB3yeMOe IIPU IIPOBEAECHUM JKCIIEPUMEHTOB
1 MOTPEeIIHOCTU U3MepPeHUH.

Ha puc. 2 mokasaH CO3AAHHBIM 3KCIePUMEHTaAb-
HBIM MCCAEAOBATEALCKHIN CTEHA.



Puc. 2. OKcnepuMeHTaAbHbBIA HCCAEAOBATEABCKHN CTEHA:
1 — croiika ¢ OF, aKyCTHYECKUMHU M3AyYaTeAIMH
M MEeTPOAOTHYECKHM 000pyAOBaHHEeM; 2 — CToKa
C CHCTEMOI1 IIOATOTOBKY TENAOHOCHUTEAS (raza) u cucremom
nopaun xuAKoctu B DE; 3 — pammna 6aaroHHas

C yCTaHOBAEHHBIMU 0aAAOHaAMHU C a30TOM U TeAHeM
Fig. 2. Experimental research stand: 1 — rack with EC, acoustic
emitters and metrological equipment; 2 — rack with a coolant
(gas) preparation system and a liquid supply system to the EC;
3 — balloon ramp with installed nitrogen and helium cylinders

a) 6)
Puc. 3. 90 co cBapHbM mBoM ¢ I'T
Fig. 3. ES with welded seam with HL

Ha puc. 3 mokazan OpAMH M3 M3TOTOBAEHHBIX OO
¢ HecKOABKUMU ['T, pacionOKeHHBIMU B HEU3BECTHOM
0o0AaCTU CBApHOTO IIIBa B BUAE CKBO3HBIX MUKPOKaHa-
AOB HeOIlpeAeAeHHOU (POPMBI M pa3Mepa.

Ha puc. 36 mokasan OO, yCTaHOBAEHHBIN Ha ic):]
C OMOIIbIO (pAAHIIEBOIO coeprHeHUs. B KauecTBe Ma-
TepHana, U3 KOTOPOro u3roroBreHs OF u D0, BeIOpan
AMr6, aHaAOTUYHBIN MaTepUaAy ocyliaemoro 6aka PH.

[Tockoabky (popma, pa3dMmep u KoanmdecTso ['T Heus-
BECTHBI U IIEPEMEHHE! 10 TOAIIUHE U AAMHE CBapHOI'O
mBa B D0, To padMmep ['T onpepeasieTcss IO BeAMYUHE
TIOTOKA TeAUsI UAU BO3AYIIHO-TeANEeBON CMeCH C eAUHU-
aMu U3MepeHust — MOITHOCTE (BT) uan o6beM-paBAe-
HUe B epuHUIy BpeMmenu (M*Tla/c; AMrMpT.cT/C) [10].

3. [IporpaMMa ¥ METOAUKH
MIPOBEAEHUSI YKCIEPUMEHTOB

Bce aKcIepuMeHTHI Pa3AeAsiIOTCS Ha:

1. OKCIepuMeHTHl AAS OTPAOOTKU OTAEABHBIX CHU-
CTeM DKCIIePUMEHTAaABHOTO MCCAEAOBATEABCKOTO CTEeH-
Ad (cucTeMa CMauMBaHUS BHyTpPeHHeN IIOBEPXHOCTHU
crenkn OF u 3amoaHeHmMs >XKupKocThio I'T; crcTema
IIOAQYM TENAOHOCUTEAS (OUMIIEHHBIM U OCYLIEHHBIA

Bo3ayx) B OF; cucrema marpesa cremku DFE aenrou-
HBIM HarpeBaTeAeM; CHCTeMa IIOAQUU TeAus UAU BO3-
AyurHO-TeareBoit cMecu B DF ¢ I'T; cuctema cospanus
TMOHUKEHHOT'O AAQBAEHMS; CUCTEMA CO3AQHUSA aKyCTHYe-
CKUX KOAeOQHUM; CHUCTeMa CO3paHMsS UH(MPAKpPacHOIo
U3Ay4eHHsI) U MeTPOAOTHUYEeCKOro 000pyAOBaHUSA (AAT-
YUKW TeMIepaTyphbl, MacCOBOIO-CEKyHAHOTO PAacCXOAQ,
AABAEHUS, BAAKHOCTH, aHAaAOTO-IIU(PPOBOU Mpeobpaso-
BaTEAD).

2. OCHOBHBIE JKCIHEPUMEHTHI AASI MCCAEAOBAHUS
IIPOIIECCOB TEIIAO- M MAacCOOOMEeHa IIPU OCYIIKe BHY-
TpenHe# mosepxHoctd OF u BckperTuu I'T pasHOro
pa3Mepa B YCAOBUSIX TEIIAOBOTO, aKyCTHIECKOTO, BaKy-
YMHOTO U KOMOMHUPOBAHHOI'O BO3AEUCTBUM.

Bupabl BO3AEMCTBUS HA JKUAKOCTD, PACIIOAOKEHHOU
Ha crenkax OF u B I'T mocAe cMauuMBaHUS BHYTPEHHEN
nosepxuoctu JF:

1. TemnoBOe BO3AENCTBUE 3@ CUET UCIIOAB30BAHUS:

— KOHBEKTUBHOTO IIOTOKa Tas3a, II0AABAaeMOTo
BO BHyTpeHHU# o6beMm DF;

— 3AEKTPOMArHUTHOIO (MH(PAKPACHOIO) H3AyYe-
HUS Ha BHEIIHIOIO ITOBEPXHOCTEL JO;

— KOHAYKTHBHOTO Harpesa crenku OF c sHemmeit
CTOPOHBHI.

2. AKycTUYeCcKOe BO3AEMNCTBHE 3a CUeT UCIOAB30-
BaHMUS:

— MOAYAUPOBAHHOI'O IIOTOKA rasa IIPU €ro IIpo-
XOKACHUM 4Yepe3 ra3oCTPYMHBIA M3AydaTeAb 'apTMa-
Ha, yCTAaHOBAGHHBIM Ha BXOAHOM HaTpy6ke BHyTpu OF;

— IIbe30KepaMUUeCKOTO U3AydaTeAs, YCTaHOBAEH-
HOTO Ha BHEIIHEeH MOBepXHOCTH cTeHKu OF;

3. BakyyMHOe BO3AeHCTBHE 3a CUET CO3AaHMs IIO-
HUJKEHHOTO A@BAEHMS KaK C OAHOU cTOpoHBI DO, Tak
" ¢ AByX cTOpoH JD0.

4. KoMOMHMPOBaHHOE BO3AEHCTBUE.

[TpepBapUTEABHO BBEIOMpPAETCS KOAWYECTBO IIOBTO-
peHull Ka’kKAOTO J3KCIepUMeHTa He MeHee TpexX pas.
[Mocre mpoBepeHUsT MHOTOKPATHBIX 3KCIEPUMEHTOB
IIPOBOAUTCS 00pabOTKa pPEe3yAbTAaTOB M3MEPEHUMR CO-
raacHo 'OCT P 8.736-2011 [12], BBIABAAIOTCA U HC-
KAIOYAIOTCSl CUCTeMaTH4YeCcKue U IrpyOble IIOIPelIHOCTH
U3MepeHui.

AAsT TIOAyYeHHS  Pe3yAbTaTOB  3KCIEPUMEHTOB
B IIpeAerax AOBEPUTEABHBIX TI'PaHUI] IIOCAe 00padoT-
KM TIOAYYEHHBIX 3JKCIEePHUMEHTAABHBIX AAHHBIX IIPO-
BOAUTCS OIleHKa HEeOOXOAMMOIO KOAWYECTBA IIOBTOpPE-
HUU Ka’XAOTO 3KcIlepuMeHTa B cooTBeTcTBUM ¢ ['OCT
24026-80 [13] u METOAUKOM, U3AOKEHHOU B [14].

[pekpaleHre SKCIepuMeHTa TO ocymke OF
U BCKPBITUIO I'T IPOUCXOAUT MOCAE YCTAHOBAEHHOI'O
BpPeMeHU WAU IIPU BLITOAHEHUN CAEAYIOIIUX YCAOBUM:

— 3HAQUeHHe OTHOCHUTEABHOM BA@KHOCTHU rasa
Ha BbIXOpe M3 OF cOOTBeTCTByeT 3HAUEHMIO OTHOCH-
TeALHOM BAGKHOCTH rasza Ha Bxope B OF;

— PEeTUCTPUPYEMBIN IOTOK TeAus HUAW BO3AYIIHO-
TeAnMeBOM CMeCH COOTBETCTBYeT BblOpaHHOU I'T;

— IOsIBA€HUE IIy3BIPbKOB TIa3a B OOBEMe CIIUP-
TOBOM CMeCH, PACIOAOKEHHOU Ha mnoBepxHOCcTH D0
CO CBApHBIM IITBOM.

MeTtoauKa 1: mpoBepeHHe 3KCIIEPUMEHTOB II0 CMa-
YUBAHUIO JKUAKOCTBIO BHYTPEHHEeMN ITOBEPXHOCTHU 3KC-
IIEPUMEHTAABHOM €MKOCTU U 3aKyIIOPUBAHUIO TeAHe-
BOU TEYU.

B cooTBeTCTBUM C NPUHIUINAABHONM CXEMOM 3KC-
IIEPUMEHTAABHOI'O HMCCAEAOBATEABCKOI'O CTEHAQ, IIPEA-
CTaBA€HHOW Ha puc. 1, mepep HavyaAOM IPOBEAEHUS
9KCIIepuMeHTa BhIOUpaeTcss opAuH u3 Tpex 00 2 ¢ I'T
(puc. 3a) u 3akpenasercss Ha OE 1 ¢ moMoIIbI0 GOATOB
drannesoro coepunenus (puc. 30). Tpu Bupa 90 2 oT-
AMYAIOTCA APYT OT Apyra padMmepamu I['T.
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[Tepep HavaaOM TIPOBEAEHMSI 3KCIIEPUMEHTOB BCe
KAQIaHbl M BEHTUAU 3aKPHITEL. OCYIeCTBASIETCS 3aAUB
>kUAKOCTH B OF 1 and cmaumBanmsa crenok OF 1 u 3a-
noAHeHUs1 XKUAKOCTBIO ['T B D0 2. AAs 3TOrO OTKPHI-
BalOTCS KAAmaHbl 21, 22 M BKAIOYAETCS JKUAKOCTHBIN
Hacoc 47. KuakocTs nopaercs B OF 1 u3 émkroctu 30
yepe3 BXOAHOM mnaTpyOok 31. CAMB JKHUAKOCTH OCY-
1IeCTBASETCS 00paTHO B éMKOCTh 30 uepe3 BBIXOAHOU
natpyook 32. I'lpu 3TOM C IOMOUIBIO AQTYMKOB AAB-
AeHHuA 35 U IpeoOpas3oBaTereld TePMO3IAEKTPUYECKUX
(Tepmoniapsl) 11 ¢ U3MepUTEAeM-PETYAITOPOM MUKPO-
NPOIIECCOPHBIM 46 M3MepsAIOTCS AABA€HUE JKUAKOCTHU
B OF u temmeparyprl crenku DE 1 u D0 2. Bpems
CMauyMBaHMs BHyTpeHHel mnosepxHoctd OFE 1 u 3a-
norHeHUA I'T JKUAKOCTBIO OIIPEAEASIETCS B pPe3yAbTaTe
YUCAEHHBIX JKCIIepuMeHTOB. Ha AaHHOM 3Tale mccae-
MOBAHUM IIPOAOAKUTEABHOCTH CMAYMBAHUS COCTABAS-
eT 60 cekyHA. [Tocae 3TOro 3akprIBArOTCST KAAMaHbL 21
u 22.

[MToAyueHHBIE pPe3yAbTAThl 3KCIEPHMEHTOB B BHAE
3HAYEHUM AaBAeHUS XKHUAKoCTH B OF 1 u Temmeparypsl
creaku OF 1 u 30 2 06pabaThIBAIOTCS B COOTBETCTBUH
c 'OCT P 8.736-2011 [12] u B AarBHEMIIEM HCIIOAb-
3yIOTCA AAS  OIpepeAeHHs KO3(P(MUIMEHTOB TeIAO-
U MaccooTAauu [11], HEOOXOAUMEBIX AASL IIPOBEAECHUSA
YUCAEHHBIX JKCIEPUMEHTOB IO OIIPeAeAeHUIO Bpe-
MeHM cMauuBaHus nosepxHocTu DE 1 u 3amoanenus
SKUAKOCTEIO I'T.

MeToAuKa 2: IpoBeAeHEe 9KCIIEPUMEHTOB
IO OCyIIKe BHYTPeHHelN HNOBEePXHOCTH 3KCIepUMeH-
TaAbHOM €MKOCTU U BCKPBITUIO TeANEBOMN Teuu.

[lpu mpoBepeHUN 3KCIIEPUMEHTOB IIPeAlloAaraeTcst
TIOCTOSIHHOE KOHBEKTHBHOE BO3AEMCTBHE IIOTOKA Topsi-
Yero OYHUIIEeHHOTO W OCYIIEeHHOTO ra3a Ha JKHAKOCTE,
pacmoaokeHHyto Ha crenkax OF 1 u B I'T coBMecTHO
C OAHUM UAU HECKOABKUMH AOTIOAHUTEABHBIMU BUAAMU
BO3AEUCTBUS (KOHAYKTUBHBIN, aKyCTUUECKUMN, BaKyyM-
HbIY, THPPAKPACHBIN).

[Tpu BEIOOpPE AONOAHUTEABHOTO aAKYCTHYECKOTO
BO3AEUCTBUS YCTAaHABAUBAETCS aKyCTHYecKas CHUCTe-
Ma B BUAe ra30CTPyMHOro msaydaTeass [aprmana 13
Ha BXOAHOH maTpy6ok BHyTpu OF 1 u (MAu) mbesoke-
paMUuecKUM aKyCTHUYeCKHUM HM3AydaTeAb 12 Ha Kopiy-
ce DE 1, IOAKAIOUEHHBIH K aKyCTHYECKOMY TeHepaTo-
py 14.

[Tpu BBIOOpE AOIOAHUTEABHOIO BAKyyMHOI'O BO3-
AeMcTBUS Ha (braners 2E 1 yCTaHaBAUBAETCA OTBeT-
HBIM AaHeD co WTynepoM 29, KOTOPBIM COeAUHSeTCs
C BaKyyMHOI KaMepoH 5 ¢ IIOMOIIbIO MarucTpPasu Ba-
KyyMHOM OTKauku 6. EMKOCTb ¢ KOHTpPOABHOW Teau-
€BOI TEeUYbl0 8 COEAUHSETCS C BAaKyyMHOM KaMepou 5
C IIOMOIIBIO MAarUCTPAaAW BaKyyMHOW OTKauku 7. Hym
9 CcHeKTparbHO-MaccoBOro Teuveuckareas 10 ycraHas-
AUBAaeTCd Ha 3aAAHHOM PACCTOSHUM OT BBIXOAHBIX KOH-
1IOB MarucTparell BaKyyMHOM OTKaukKu 6 u 7, pacrmo-
AOJKEHHBIX B BaKyyMHOU KaMepe 5. [Ipu npoBepeHuu
SKCIIEPUMEHTOB 0e3 BaKyyMHOI'O BO3AEUCTBUA LIyl 9
yCTaHABAMBAETCHd HEIOCPEACTBEHHO BO3A€ CBApHOIO
mBa 20 2.

[lpu BBIOOPE AOIOAHUTEABHOTO TEIAOBOIO BO3-
AedicTBusi Ha crenky OB 1 m DO 2 ocymecTBasercs
MMOAKAIOUeHUEe WH(PPaKpPacHOM AaMIbl 3 U (UAM) A€H-
TOYHOTO HarpeBaTeAs 4. C IOMOIIBIO U3MEPUTEAs-pe-
TyAdTOpa MHMKPOIPOLIECCOPHOrO 46 OCYILIEeCTBASETCA
BKAIOUEHVE U BBIKAIOUEHWE WH@PAKpacHOW AaMIBl 3
U HarpeBaTeAs 4 IpU 3aAAQHHBIX 3HAUeHUSIX TeMIlepaTy-
pel HarpeBa D0 2 u crenku OF 1.

Aast mopaum Harperoro raza B OE 1 BraiouaeTcsa
KoMmpeccop 15 1 OTKpPBIBAIOTCSI KAanaHkbl 19, 23 u BeH-
TUAB 28. QUABTpALMA U OCYyIIKA ra3a OCYIIeCTBASETCS

C TOMOIIBIO YCTAHOBAEHHBIX IIOCAe KoMIpeccopa 15
purbTpa 16 M BAaroMacA00TAeAuTeAst 17, C MOMOIIBIO
BeHTHAA 49 1 pacxopoMmepa 48 ycTaHaBAUBAETCS HEOO-
XOAMMBIA pacxop ra3a, IoAaBaeMoro B OF 1. M36wrTOU-
Hoe paBaenue B OF 1 ycraHaBAMBaeTcsi 3a cueT pery-
AMPOBaHMsI pacxoAa rasa Ha Bxope B OF 1 ¢ momomutsio
BeHTHAS 49 U Ha Bbxope u3 OF 1 ¢ moMonsio BeHTHAS
28, yCTaHOBAEHHOTO Ha BBIXOAHOM HaTrpyoke 36. Aas-
Aenne B OF 1 ONIPEAEASIETCSI C IIOMOIIBLI0 MaHOMeTpa
35, yCTaHOBAEHHOTO Ha BLIXOAHOM natpy6ke OF 1. Ha-
IPeB Ta3a A0 3aAaHHOU TeMIIepaTyphl OCYIECTBASETCS
HarpeBaTeAeM C NPONOPIUOHAABHO-UHTETPAABHO-AND-
depeHnnarbHBEIM peryasaTopoMm 18. Temmneparypa rasa
Ha BXOAe M Ha Bhixope m3 OF 1 ompeaeasiercs c mo-
MOIIBI0 AQTYUKOB Temmeparypsl 37 u 38. BaaKHOCTb
raza Ha BhIxOAe M3 OF 1 OIIPEAEAsIETCS C ITOMOIIBIO
rurpoMerpa 41. [lpu npeBBIIEHUH YCTAHOBAEHHOI'O
MABAEHHSI B CHCTeMe cpabaThlBaeT INPeAOXPAHUTEeAb-
HBIM KAamaH 39.

[Mpu ncnoAb30BaHUU NTbe30KePaMUUeCKOro aKyCTH-
YeCKOro Hu3Ay4aTreAsa 12 ¢ IOMOLIbIO aKyCTHYeCKOIr'o
reHeparopa 14 u ocnuanrorpada 40 ycraHaBAWBAETCS
HeoOXOAUMAasi aMIIAUTYAQ KOAeOaHUM CTEHOK oF 1.

[TpoBepeHNe 5KCIEPUMEHTOB IIPU IMOHUYKEHHOM
MABAEHHN BO3MOXKHO B YCAOBMSAX OOIEro UAU OAHO-
CTOPOHHEro BaKyyMmupoBaHus. OOlllee BaKyyMHPOBa-
HUE OCYIECTBASIETCS 3a CUET OTKPBITUS KAAQIAHOB 24
u 25. OpHOCTOPOHHEEe BaKyyMUPOBAHUE OCYIECTBAS-
eTCsI IPU OTKPBITUM OAHOTO M3 KAQIlaHOB 24 mMAU 25
B 3@aBUCHUMOCTH OT CTOPOHEI DO 2, ¢ KOTOPO HeoOXO-
AUMO CO3MATh MOHMKeHHOe AaBAaeHUe. He ponyckaercs
KOHBEKTHBHas Mopada rasa B OF 1 u3 xommpeccopa 15
TIPU YCAOBHHU OOII[eTO BaKyyMHPOBAHUSI UAU OAHOCTO-
POHHero BaKyyMupoBaHusi BuyTpu OF 1.

AAst obecrieueHUsT TOHU>KEHHOTO AQBACHUST B CUCTe-
Me, Ilepep OTKPBITHEM KAAlaHOB 24 m 25 BKAIOYAETCH
BaKyyMHBIM Hacoc 42, IpU 3TOM AaBAeHHEe B BaKyyM-
HOM KaMepe 5 OIIPEeAEAsIeTCs C IIOMOLIBIO BAKyyMMeTpa
43. I'lpu pocTUReHNHU HeOOXOAUMOI'O AGBACHUS B BAKY-
YMHOM KaMepe 5 BaKyyMHBIM HAcOC 42 BBEIKAIOYAETCH.

IMocae ocymku OE 1 u D0 2 ¢ I'T oaHUM U3 crio-
co00B MAM KOMOMHaIMeN CIOCOO0B OCYIIeCTBASETCS
npoBepka (pakTa BCKphITHS ['T. AAg 3TOro 3aKpHIBAIOT-
Ccsl BCe KAANaHbI M BEHTUAM, BKAIOYAETCS CIEKTPaAb-
HO-MacCCOBBINM TeuenckaTeAb 10. OTKpBIBAIOTCS KAala-
HbI 20, 25 u 27. C NOMOLIBIO PETYAATOpPa reAueBOro 34
YCTaHaBAVBAETCS HEOOXOAVMMOE AABAEHUE TEeAUsl WUAU
BO3AYIIHO-TEAUEBOI CMeCH, KOTopas II0AAeTCsl B SE 1
u3 6annroHa 33. [To mokasaHUsAM CIEeKTParbHO-MaCcCOBO-
ro Teueuckarensi 10 peraetcs BBIBOA O BCKpbiTuu ['T.

EMKOCTb ¢ KOHTPOABHO¥ TeAMeBOi Teublo 8 Heob-
XOAMMa AAS HACTPOWKU, IIPOBEPKM PabOTOCIOCOOHO-
CTH CIIEKTPaAbHO-MacCoOBOro Tevyenckareas 10 u cpas-
HEeHHSI PAcXOAad TeAUs UAU BO3AYITHO-TEAUEBOM CMecHu
u3 I'T 50 2 1 KOHTPOALHOM TeAneBoOu Teuu 8. AAsd 9TO-
ro 3aKpbIBaeTCsl KAallaH 25, OTKPBLIBaeTcs KAaamaH 26,
U TeAWN MAM BO3AYIIHO-TEAMEBasi CMeCh U3 KOHTPOAL-
HOW TreAMeBOM Tedyd 8 IMOCTyHNaeT B BAaKyyMHYIO Ka-
Mepy 5.

Wudpopmanua ¢ tepmonap 11, AQTUUKOB TeMIlepa-
Typbl 37, 38, AaBaeHus 35 um TOUKM pochl 41 mocTy-
IaeT uyepe3 aHaAOTO-IM(POBOM IpeoOpa3zoBaTeAb 44
Ha I[EePCOHAABHBIM KOMIBIOTED 45 AAM perucTpanuu
U 00pabOTKU IIOAYYEHHBIX PE3yABTATOB.

[Tpy mpoBepeHUM TIPEABaPUTEABHBIX JKCIIEPUMEH-
TOB 0€e3 CIeKTParbHO-MaccoBOro TeuenckaTers 10
cBapHoOl 10B B OO 2 3aAMBaEeTCd CIUPTOBOU CMECHIO
B OTBepcTUe (PAQHIIEBOTO COeAVHeHUs: (puc. 36) AAS
noATBepykAeHUusA akra BCKpelTug ['T. [lpu BCKpeITHH
I'T B 0ObeMe CHUPTOBOM CMECU IIOSABASIOTCS BCIIABIBA-



IoI[Ye My3BIPBKU Ta3a (BO3AYX, TeAMN HMAW BO3AYIIHO-
reAueBasl CMecCh), 9KCIIepUMEeHT IpeKpallaeTcs U Ae-
AaeTcst BBIBOA O ToM, uTo I'T BckphwiTa. Takoi cmoco0d
TIO3BOASIET TOAYYHUTH TOABKO KauyeCTBEHHYIO KapTHUHY
uccaepyeMoro mporecca. KoawmuecTBeHHBIE XapaKTe-
PUCTUKH (PacXOp TeAUsl) BO3MOJKHO IIOAYYHUTBH C IIOMO-
1IbIO CIIeKTPAaABHO-MAacCOBOTo TeuemnckaTeas: 10.

B pesyabTaTe NpOBeAEHHBIX 3KCIEPUMEHTOB OIIpe-
AEASTIOTCsI 3HAYeHUsT BAQKHOCTH ra3a Ha BeIxoae us OF
1, paBrenme rasa B OF 1, remneparypsr crenku OF 1,
D0 2, rasza Ha BXOAe U Ha BbIXOAe u3 OF 1 u motoka
reaus uz ['T.

[MToAyueHHBIE pe3yAbTAaTHI 0OPadAaTHEIBAIOTCS B COOT-
BercTBuu ¢ 'OCT P 8.736-2011 [12] u B pAarbHeHIIEM
HUCIIOAB3YIOTCS AAS  ONIPEAEAeHUs  KO3((UIIUEeHTOB
TEIAO- U MaccooTAaum [11], HEOOXOAUMBIX AASL TIPO-
BEAEHUS YMCAEHHBIX SKCIIEPUMEHTOB IO OIIPEAEAEHUTO
3aTpaT 3HEPrud U BpeMeHU Ha OCYIIKY BHYTpPeHHeM
nosepxHoctu OE 1 u BekperTus I'T.

HNcxopHBIe AQHHBIE AASI TIPOBEAEHUSI IIPeABapuU-
TEABHBIX OKCIIEPUMEHTOB 10 CMAYMBAHUIO KUAKOCTBIO
BHyTpeHHeit moBepxHoctu OF u 3akymopusanmio I'T
u ux ocymku: pasmep I'T: 2:1074—1:107% AMRMPT.
CT/C; TeMIlepaTypa TeIIAOHOCHUTeAsl (Bo3pyxa): 20 °C;
40 °C; 60 °C; MacCOBBIN-CEeKyYHAHBIN pacxXop BO3AyXa:
80 A/MuH—200 A/MHH, U30BITOUHOE AaBAeHHe B DF:
100 xITa; 200 kIla; 300 klIla; TemmepaTypa Harpesa
creaku OF aemTounnM Harpematerem 50 °C; BpeMs
IIpOBeAeHUs] 3KcIepuMeHTa mo ocyinke JE: 600 c;
BpeMsl IPOBeAEHHUs JKCIepUMeHTa II0 CMauMBaHUIO
BHyTpeHHeil nmosepxHoctu OF u 3akymopusammio ['T
JKUAKOCTBIO: 60 C; JKUAKOCTb AASI CMAUMBAHMSI: AUCTHA-
AUPpOBaHHasi BOAQ.

4. Pe3yAbTaThl NPEABaPUTEABHBIX YKCIIEPUMEHTOB

4.1. OKcIepUMeHTH II0 CMA4YMBAHUIO JKHUAKOCTBIO
BHYTPEHHEN IOBEPXHOCTH 3KCIIEPUMEHTAABHON EMKO-
CTH U 3aKyIIOPUBAHUIO TeAMEBON TeUU IO MeTOoAUuKe 1.

OKCIIepUMEHTHl TPOBOAVAWCE TIPU IIOAQUE JKUAKO-
CTH (AMCTHAAMPOBAaHHOM BOABI) B OF B Teuenme 60 c.
3a 9TO BpeMs IIpU IIPOU3BOAUTEABHOCTU Hacoca HBLI-
380 0,2 A/c uepes DF mpomiro 12 AUTPOB BOABI.

B pesyabTaTe MPOBEACHHEIX 9KCIEPUMEHTOB TOAY-
4YeHbl I'padUKU U3MEeHEHUA TeMIIePATyPEl CTeHKH 3,
00 u AaBAEHUS JKUAKOCTU BHYTPHU oE nopu mopaude
sxupkoctu B OF (puc. 4).

Ha puc. 4 (rpacduk 3) BHAHO, UTO IIpM BKAIOYe-
HHU Hacoca Ha 6,5 ceKyHAe IPOUCXOAUT yBeAHMUeHUe
AaBAeHUS JKMAKOCTH B OFE A0 3HaueHms ~ 22 klla
3a 2,5 cexyHABL Ha npoTssKeHuH BCEro 5KCIIepUMEH-
Ta AaBAeHHe xupKocTu B OFE xoaebaercs ot 20,5 xIla
20 22,5 k[1a, 4TO CBSI3@HO C MOTPELIHOCTHIO U3MEPEHUN
AATUMKAa AABAEHUS U TEeXHUYECKUMU OCOOEHHOCTSIMU
paboTel Hacoca. Ha 68-11 cekyHAe IpU BBIKAIOUEHHU
Hacoca IIPOUCXOAUT YMeHbIlIeHHe AABACHUS JKUAKO-
ctu po 0 kIla. Temneparype! crenku OF (puc. 4, rpa-
duk 1) u S0 (puc. 4, rpaduk 2) cocraBasgroT 21,2 °C
u 20,05 °C coorBeTcTBeHHO. KoaebaHus TeMueparyp
OF u D0 cBg3aHBI C IOTPENIHOCTBIO M3MEPEeHuH AAT-
YUKOB TeMIlepaTyphl (IpeoOpa3oBaTeAb TepPMOIAEK-
TPUYECKUN) U U3MEPUTEAST PEryAATOPA.

3akynopusBaHue [T >KUAKOCTBIO MOATBEPIKAAETCS
OTCYTCTBHEM IIy3BIPBKOB TeAWs B CIHUPTOBOU CMecCH,
HAAMTOM Ha cBapHO# mos D0 npu mopaue reaust B OF
IIOCAe CMadYMBaHHUSA €€ BHYTPEHHHX CTeHOK. OAHako
AAQHHBIM CIIOCOO IOATBepP>KAeHUs 3aKynopuBaHus [T
He rapaHTHUPYeT 3alloOAHeHHe JKUAKOCTBIO BCero KaHana
I'T. [TopaTBEPAUTE HOAHOE 3aKynopusBaHue I'T XKuAKO-
CTBIO BO3MOJKHO C ITOMOIIBIO YUCAEHHBIX JKCIIepUMeH-

Puc. 4. CvaunBanue JE xupKocThio: 1 — TeMmIieparypa CTeHKH
SE (reBast ocs); 2 — Temmeparypa D0 (AeBast oCh);
3 — paBaenme xupKoctu BHyTpu JF (mpasasi ocs)
Fig. 4. Wetting of the EC with liquid: 1 — temperature of the
EC wall (left axis); 2 — ES temperature (left axis);
3 — liquid pressure inside the EC (right axis)

Puc. 5. Ocymka JE u 90 npu nmopaue Bo3AyXa C TeMIepaTypoii
40 °C: 1 — TemmepaTypa Bo3Ayxa Ha Bxope B JE (reBas ocs);
2 — TeMmepaTypa Bo3AyXa Ha Bbixoae u3 JF (reBas och);

3 — remmepaTypa crenku JE (areBast ocs); 4 — Temmeparypa
90 (reBas och); 5 — AaBAeHHe Bo3ayxa B JF (mpaBasi och)
Fig. 5. Drying of EC and ES when supplying air with a
temperature of 40 °C: 1 — air temperature at the inlet to
EC (left axis); 2 — air temperature at the outlet from the EC
(left axis); 3 — temperature of the EC wall (left axis); 4 — ES
temperature (left axis); 5 — air pressure in the EC (right axis)

TOB, KOTOPBIE NAQHUPYIOTCS Ha ITOCAEAYIOIIMX 3Tarax
MCCAEAOBAHUM.

4.2 OKCIepHUMeHTBI IO OCYIIKe BHYTPeHHeH IIo-
BEPXHOCTHU 3KCIIePUMEHTAABHOM éMKOCTU U BCKPBITHIO
TeAMEeBON TeUU 10 METOAUKE 2.

[peABapUTEeABHEIE DKCIIEPUMEHTHI 110 ocyinke DF
u BCKpbITHIO I'T IOCAe MX CMaYMBaHUA IIPOBOAUAWCH
IIpU IIOAQYEe rasa (OYHUIEeHHBIM M OCYyIIeHHBINM BO3-
AyX) B 06méM DF c Temmeparypoit 40 °C, MaccoOBBIM
CeKyHAHBIM PacxoAoM 175 A/MUH U U30BITOUHOM AAB-
aenuu B OF 200 xI1a B Teuenue 600 cekyHp, [Tpu sToM
B OTAEABHBIX OJKCIIEDUMEHTaX AOIOAHUTEABHO OCY-
[IECTBASIACSL HAarpeB CTeHKH OF ¢ MOMOINIBIO AGHTOUHO-
ro HarpesaTeAs A0 TeMmiepaTypsl 50 °C.

Ha puc. 5 nmokasaH rpacuk 3aBHCHUMOCTH H3Me-
HeHMsI TeMIlepaTyphbl BO3AyXa Ha BXOAE M Ha BBEIXOAE
n3 OF, remneparypst crenku OF u D0, a Takke Aas-
AeHHE BO3AyXa B OF 6e3 AOMOAHUTEABLHOTO Harpesa
cresku OF AeHTOUHEIM HarpepaTereM.

Ha puc. 5 (rpaduxk 1) BHAHO, 4TO TeMIlepary-
pa Bospyxa Ha Bxope B DF yBeamumsaercs ¢ 22,5 °C
po 375 °C 3a 600 cekyHp 3KcHepuMeHTa. TeMmile-

parypa Bosayxa Ha Bxope B OF me pocturaer 40 °C

II0 IIPUYMHE TEIAOBBIX IIOTEPH HA COQAHHHTeABHOfI
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Puc. 6. Ocymka OF npu mopaue Bo3pyxa ¢ TemmepaTypoii 40 °C

M AOTIOAHHMTEABHBIM HarpeBoM cTeHKH JF AeHTOYHBIM Harpepa-

TeaeMm: 1 — TemmepaTypa Bo3Ayxa Ha BxoAe B JF (reBas ock);
2 — TeMmeparypa BO3AYXa Ha BEIXOAE M3 SE (reBast och);

3 — Temmeparypa crenku JF (reBas ocs); 4 — Temmeparypa
20 (reBast och); 5 — AaBAeHHe Bo3pyxa B JF (mpaBast och)
Fig. 6. Drying of the EC by supplying air with a temperature of
40 °C and additional heating of the EC wall with a tape heater:
1 — air temperature at the inlet to the EC (left axis);

2 — air temperature at the outlet from the EC (left axis);

3 — temperature of the EC wall (left axis);

4 — ES temperature (left axis);

5 — air pressure in the EC (right axis)

U 3aIIOPHOU apMaTrype. AAd pelleHus 3TOU NPOOAEMBI
IPY IPOBEAEHUY OCHOBHBLIX JKCIIEPHMEHTOB IIAAHUPY-
eTCsl TIOAABATh BO3AYX B IKCIIEPUMEHTAABHBINM HCCAE-
AOBaTEAbCKUM CTEHA C TeMIIEpaTypOH, IPEBBIIIAOIeN
40 °C, c mocaepyloIIUM €€ yMeHBIIeHHeM II0 Mepe
IIporpeBa COEAUHUTEABHOW U 3AIIOPHOM apMaTyphl, 4TO
TIO3BOAUT YMEHBITUTH OTKAOHEHHE TeMIlepaTyphl BO3-
Ayxa Ha Bxope B OF or 3apamHOro 3Hauenws.

KpuBBle TeMIepaTyphl BO3AyXa Ha BhIxope u3 OF
(puc. 5, rpaduk 2), creuku OF (puc. 5, rpacdux 3)
u 30 (puc. 5, rpaduk 4) UMEIOT aHAAOTUUYHBIN Xapak-
Tep. C HavaabHOrO MOMeHTa BpeMeHU A0 200 cekyH-
MBI TEMIIEpaTyphl IPAKTUYECKU He W3MEeHSIOTCS U CO-
craBastoT 22,2 °C, 21,2 °C u 20,5 °C cOOTBeTCTBEHHO.
C 200 cexkyHABI A0 600 ceKyHABI IPOUCXOAUT YyBe-
AWUYeHUe TeMIlepaTyp A0 3HaueHuw 27,2 °C, 28,5 °C

27,7 °C cooTBeTcTBeHHO. TakuM oOpaszoM, TeMIile-
paTyphsl paccMaTpUBaeMBIX YYaCTHUKOB TelIAOOOMeHa
3a 600 cexkynp yBeanumBarorca Ha 5 °C — 7,3 °C.

AaBaenne Bospyxa B OF (puc. 5, rpaduk 5) B Ha-
YaABHBIE MOMEHT BPEMEHU pPEe3KO YBEeAMYUBAETCS
20 220 x[la ¥ Ha TPOTS>KEHUU BCEro JKCIepUMeHTa
coctaBasgeT 203 kIla—210 Ila. KoarebGaTeabHBIN Xa-
pakTep AABAEHUS CBSI3@H C HACTPOMKOU MOAOKEHUS
BEHTHASI Ha BhIxoAe u3 DF.

ITpu nopaue reaus B OF My3BLIPLKOB B CIKMPTOBOM
cMecu He HAOAIOAQETCs, IIO9TOMY AEAAeTCs BBIBOA
O TOM, YTO IIPH TAaKOM pe’kuMe OCyIIK# I'T He BCKpPHI-
AaCh.

Ha puc. 6 nokaszaHbl rpaduky M3MeHEHUsI TeMIle-
PaTypEl BO3AYXa Ha BXOAE U Ha BEIXOAE M3 OF, crenku
OE u D0, a TakKe AaBAeHUE BO3AyXa B S opu AO0-
MOAHUTEABHOM HarpeBe cTeHKH OF AeHTOUHBIM Harpe-
BaTeAeM.

Ha puc. 6 BUAHO, YTO TeMmepaTyphl cTeHku OF
(rpachuk 3) u D0 (rpaduk 4) HQUMHAIOT YBEAUYUBATh-
Cs C HaYaABHOTO MOMEHTa BPeMeHH, a TeMIepaTypa
BO3AyXa Ha Bxope (rpaduk 1) u Ha Bhixope us OF (rpa-
duK 2) yBeanumBaeTcsi ¢ 50- CEKYHABI, UTO CBSI3aHO
C HEOAHOBPEMEHHBIM BKAIOUEHUEM AeHTOUHOTO Harpe-
BaTeAs creHku OF m HarpeBaTenst Bosayxa.

a)
Puc. 7. Ily3pIpbKHU reAnsi B CHIUPTOBOM CMecH
Fig. 7. Helium bubbles in an alcohol mixture

Temreparypa Bo3pyxa Ha Bxope B OF (puc. 6, rpa-
duk 1) yBeanuusaercsa ¢ 31,2 °C po 41,7 °C. I'1pu sTtom
TeMIepaTypa Bo3ayxa Ha Bhixope us DF (puc. 6, rpa-
duk 2) yBeanunsaetrcsa c 21,8 °C po 38,5 °C. Paznuna
Me>KAy TeMIlepaTypoli rasa Ha Bxope B OF m Temmepa-
Typoii raza Ha BhIxope U3 OF cBsizaHa c oTpQuel Termaa
crenkam OF u 20.

Temmneparypsl crenku DE (puc. 6, rpagux 3) u 20
(puc. 6, rpaduk 4) UMeT KOAeOaTeAbHBIN XapaKTep,
CBSI3@HHBIM CO CHEIU@PUKON PabOThI IPOMOPITUOHAADB-
HO-UHTEerparbHO-AUMdepeHIINaAbHOTO peryasiropa
Temueparypsl [15]. TIpu AOCTHMI)KeHHMM 3apaHHOU TeM-
nepatypbl crenku DE T[MUA-peryasTop BEIAGET KOMaH-
Ay Ha BBIKAIOUEHHE AEHTOYHOTO HarpeBaTeas. OpHa-
KO, M3-3a@ TOTO UTO A€HTOUHBLIN HarpeBaTeAb Pa3orper,
Temmeparypa crenku OF yBeauumBaeTcsi, a 3arem
yMeHbIIIaeTcsa. ODTOT IpOoIlecC UMeeT BUA 3aTyXalOUIUX
KoAeOaHUM, U uepe3 ompepereHHOe BpeMs, mocae 600
CeKyHA, Iporecc crabmamsupyercs [16]. Temmepaty-
pa cremku OF (puc. 6, rpaduk 3) ¢ HAUAABHOTO MO-
MeHTa BpeMeHH A0 120 ceKyHABI Pe3KO YBEAUUYUBAETCI
c 23,8 °C po 56 °C c IOCAEAYIOUIUM yMeHBbIIeHHeM
u yBeamdeHmeM B oKpecTtHoctm 50 °C. Ilpm sToM
Temneparypa 90O (puc. 6, rpaduk 4) yBeAMUMBaeTCs
c 24 °C po 46 °C Ha MOMEHT OKOHYaHUS 3KCIIEpUMEH-
Ta U UMeeT OOAee TIAABHBIM KOAeDATeABHBIM XapaKTep,
TIOCKOABKY TEIAOTa OT AeHTOYHOTO HarpeBaTeas K D0
nepepaeTcst yepes cTeHky OF.

AaBaenue Bosayxa B OF (puc. 6, rpaduk 5) yBean-
ynBaeTcs ¢ 50-11 ceKyHABI A0 235 kIla u ¢ 220 ceKyHABI
yMmeHbIaeTcs Ao 198 kI[1a — 208 kIla IIPU PETyARPOB-
Ke TIOAOKeHHST BeHTHAS Ha BEIXOAe u3 OF.

ITpu mopaue reanst B OF mocae eé ocymrku HabAio-
MAeTCd BCIABITHE ITy3BIDBKOB B OOBeMe CIHUPTOBOU
cMmecu (puc. 7), uTo o3HadaeT BCckpbIThe ['T. [1pu sToM
KoandecTBo I'T cocraBasieT 4 MITyKU (puc. 70).

BoiBOABI

1. CIpoeKTHpOBAaH M U3TOTOBAEH JKCIIepUMeH-
TaAbHBIM HCCAEAOBATEABCKUM CTEHA AAS IIPOBEAEHUS
HUCCAEAOBAHUM IPOIECCOB TEIAO- U MaccooOMeHa NpHU
ocymke OFE u Bckpoitmm [T B yCAOBHSAX BaKyyMHO-
ro, KOHBEKTUBHOI'O, KOHAYKTUBHOI'O, aKyCTHYeCKOI'O
M SAEKTPOMArHUTHOTO BO3AEMCTBUM.

2. PazpaboTaHbl mporpaMMa U METOAMKH IIPOBeAe-
HHMSI DKCIepPHMEeHTAABHBIX MCCAEAOBAHUI IIPOIECCOB
cvmaunBauus U ocymku OF u I'T ¢ y4eToM NOATBEpK-
AeHusA PakTa BCKpoITUA [T Ipy IOABAEHUNU Iy 3BIPBEKOB
reArs B CIUPTOBOM CMECH.

3. TlpoBepeHBI TIpeABapUTEABHBIE JKCIIEPUMEHTEI
IO OTPabOTKe OTAEABHBIX CHUCTEM 3KCIIePHUMEHTAaABHO-



O UCCAEAOBATEALCKOTO CTEeHAA (CUCTeMa CMayuBaHUSA
BHYTpeHHell noBepxHocTH creHku DF u samoanenus
SKUAKOCTBIO ['T; crCcTeMa Iopauu TelAoHocuTeAs: B OF;
cucTeMa HarpeBa CTeHKH OF AeHTOYHBIM HarpesaTe-
AeM; cucreMa mopaun reanst B OF ¢ I'T) u mMeTpoaoru-
4ecKoro o00pyAOBaHUA.

4. TloAydeHBl IpeABapUTEAbHBIE 3aBUCUMOCTH W3-
MEHEHUsI AABACHUS BO3AyXa (KUAKOCTH) B SE, a Tak-
JKe TeMIlepaTyphbl BCeX YYaCTHUKOB TEIIAOOOMEHA IIpU
CMAuMBAHWUK W OCYIIKe BHYTpeHHel mosepxHocTu OF
c I'T B ycArOBHAX OAQUM KOHBEKTHBHOI'O IIOTOKA rasa
B 0o6beM OF M KOHAYKTMBHOTO HarpeBa cTeHKH OF
AEHTOUHBIM HarpeBaTeAeM. 3a yCTaHOBAEHHOe BpeMs
60 cexkyHA BCKpBITHe ['T IPOM3OIIAO NPU UCIOAB30Ba-
HUHU AOIOAHUTEABHOTO HarpeBa CTeHKH DF AeHTOUHBIM
HarpeBaTeAEeM.

5. Ilpu mpoBepeHUU AAABHEUIIUX WCCAEAOBAaHUM
NAQHUPYETCH:

— IPOBECTU MOAEPHU3AIMNIO CUCTEMBI IIOATOTOBKU
TEIIAOHOCUTEAS, IIO3BOASIONIYIO IIOAQBAaTh HarpeThId
raz B OF ¢ 3apaHHOM TeMIIepaTypoOX U MUHUMAABHBIMUA
MOTEPSIMU TEIIAG;

— TIPOBECTU OCHOBHBIE JKCIIEPUMEHTHI Ha MOAEP-
HHU3UPOBAHHOM 3KCIIEPUMEHTAAbHOM MCCAEAOBATEAD-
CKOM CTEeHAE;

— paspaboTaTh (PU3UKO-MaTeMaTUUYECKyI0 MOAEAb
IIPOLIECCOB CMAYMBAHUA JKUAKOCTBIO BHYTPEHHErO
o6wema OF u 3akynopuBaHus [T >XKHUAKOCTBIO AASL
onpeAeAeHHUsl TIapaMeTpoB TopaduM Kuakoctn B OF
(MaccoBBINT — CEeKyHAHBIN PacxXop, AaBAeHHe, TeMIle-
paTypa >KUAKOCTH, BpeMs CMayMBaHMsA), IPU KOTOPBIX
IIPOUCXOAUT IIOAHOe 3aKylnopubaHue ['T JKUAKOCTEBIO;

— paspaboraTb (PU3UKO-MATEMATUYECKYIO MOAEAD
npotiecca ocymku crenku DF u sckportus I'T npu Bos-
MEVCTBUU PAa3AMYHBIX (PAaKTOPOB (KOHBEKTUBHBIU IIO-
TOK ra3a, KOHAYKTUBHBIN HarpeB CTEHKU U AD.);.

— IPOBECTH YHCAEHHOE MOAEAWpPOBaHUe IIpoliec-
COB CMAQUMBAHUA U OCYIIKUA DE ¢ IT;

— INPOBECTU CPABHUTEABHBLINM QHAAU3 PE3YABTATOB
YUCAEHHOTI'O MOAEAMPOBAHUA U (PU3UUECKUX IKCIIEPU-
MEHTOB.
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EXPERIMENTAL INVESTIGATIONS OF OPENING LEAKS
IN A WELDED SEAM OF A CLOSED CONTAINER
UNDER THERMAL AND ACOUSTIC INFLUENCES

I. Yu. Lesnyak

Omsk State Technical University,
Russia, Omsk, Mira Ave., 11, 644050

To conduct experimental investigations of the drying process of a closed container, taking info account
the opening of a leak channel in a weld, an experimental research stand, an experimental container
and experimental samples with model leaks of different sizes are designed and manufactured. The
scientific problem of experimental research has been formulated, a program and methods for conducting
experiments have been developed. Requirements for metrological equipment have been formed
and the measurement error of temperature, humidity and pressure has been determined. Preliminary
experiments are carried out on wetting the experimental container and experimental samples with a
model liquid and clogging the leak channels, as well as on drying the inner surface of the experimental
container wall with a convective gas flow and conductive heating of the wall until the leak channels
clogged with liquid are opened. The dependences of the change in temperature of the liquid, air, wall
of the experimental container, experimental samples and pressure in the experimental container are
obtained over the time of the experiment during wetting and drying of the experimental container and
experimental samples. The parameters of thermal exposure at which the leak channels is opened within

a specified time are determined.

Keywords: leak channel, container drying, experiment, ultrasound, low pressure, capillary.
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